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1 Context
In the framework of the elaboration of the Health and Pollution Action Plan (HPAP for its acronym
in English) was carried out the workshop on prioritizing issues in health and pollution, initiative of
the Global Alliance on Health and Pollution (GAHP) driven and developed by the United Nations
Industrial Development Organization (UNIDO) and Pure Earth, funded by the European Union and
the United States Agency for International Development (USAID).
The HPAP is a collaborative process that aims to help governments:
•
•
•

Identify, evaluate and prioritize the main existing contamination problems based on health
impacts.
Establish pollution as a priority action within the agendas of the various sectors of
government.
Define and promote specific interventions to reduce exposure to pollutants and the
associated burden of disease.

2 Objective
The main objective of the workshop was to prioritize the pollution problems that have an impact
on health, in the framework of the elaboration of the Health and Pollution Action Plan- HPAP.

3 Methodology
The main objective of the methodology applied in the workshop is to investigate several
alternatives under the light of multiple criteria and conflicting objectives, so that it is possible to
generate solutions, compromise and hierarchies of the alternatives according to their degree of
attraction and necessity using expert judgments. For the first three stages, it took as reference the
methodology consigned in (Amorós, 2001) (Saaty, Thomas L, Vargas, Luis G, 2012).
The steps to reach this evaluation are:
•
•
•
•

Stage 1: Clearly define existing information on pollutants, in light of their possible health
impacts.
Stage 2: Determine the criteria and qualification parameters for the evaluation of the
identified pollutants.
Stage 3. Application of the Multicriteria Evaluation (EMC) by experts to assess the weight
of each criterion against the others.
Stage 4: The experts rated each pollutant-matrix pair according to the parameters defined
for each criterion.

3.1 Stage 1: Existing information on pollutants
In order to meet this objective, a bibliographic search was carried out to identify and collect the
published information available in different search engines related to environmental pollution
issues and their impact on the health of people in Colombia.
The identified information can be grouped into indexed scientific articles and other reports. The
consultation of indexed articles yielded a total of 138 studies that included 219 pollutants for the
analysis. The articles were grouped and quantified by type of pollutant and by environmental
matrix (Table 1). It is important to highlight that an article could include more than one pollutant
or a matrix.
Table 1. Number of pairs per pollutant and environmental matrix
Pollutant
Air
Soil
Water
Food
Health
Aluminum
1
Arsenic
2
2
2
2
1
Cadmium
2
6
3
5
5
Calcium
1
Carbonates
1
Copper
2
8
1
1
2
COT
1
Chrome
5
2
2
2
Dioxins
3
1
Furans
2
1
PAHs
2
2
1
2
Iron
1
Magnesium
1
Manganese
1
Mercury
7
11
9
19
12
Nickel
1
7
1
1
1
Perchlorate
1
Pesticides
2
1
1
2
3
Silver
1
Lead
2
11
5
5
5
PM10
18
14
Waste
3
3
Siloxanes
1
Surfactants
1
1
Tetrabromobisphenol A
1
TPH
1
1
Zinc
2
9
1
1
2
Total
53
73
27
40
64
* Impact on health: studies regarding occupational exposure were not included.

The impact on health reported in Table 1 refers to the mention of health effects by the pollutant
object of the study, but does not imply that a health impact study has been carried out. The health
effects included correspond to those regularly assigned to pollutants.
It is observed that when grouped by main heavy metals (mercury, cadmium, arsenic, chromium,
lead), they account for most of the studies found, with 42.92% of the pollutants.
In order, the most studied pollutants in the review carried out are:
• Mercury
• Lead
• PM 10
• Cadmium
• Zinc
According to the results presented in Table 2, the most studied environmental matrix in the review
was soil. For the air matrix, the pollutant most included in the studies was PM 10 followed by
mercury. In soil, the pollutant most included in the studies was mercury and lead alike, followed
by Zinc. In water, the most included pollutant was mercury, followed by lead. In food was mercury
followed by lead.
To define the pollutants and matrices that would be the object of prioritization, all the pollutant matrix couples that had only one study in which this pair was included were excluded.
Table 2. Matrix pollutant couple to be prioritized
Pollutant
Arsenic

Matrix

Couples

Soil
Water
Food

3

Air
Soil
Water
Food

4

Copper

Air
Soil

2

Chrome

Soil
Water
Food

3

Air
Air

1
1

Air
Soil

2

Cadmium

Dioxins
Furans
HAP

Pollutant
Mercury

Nickel
Pesticides

Lead

PM10
Zinc

Matrix

Couples

Air
Soil
Water
Food

4

Soil

1

Air
Soil
Water
Food

4

Air
Soil
Water
Food

4

Air

1

Air
Soil

2

Total Couples evaluated

32

In addition, other relevant documents were reviewed in the national context but corresponded to
indexed scientific literature. These documents were:
•
•
•
•

Comprehensive Strategy Design for Environmental Liability Management
Sites Identified by the TSIP program - Pure Earth
National Action Plan for the Management of Chemical Substances in Colombia
National Diagnosis of Environmental Health.

More information regarding the content of these documents and the analysis of the scientific
articles reviewed can be found in the reference document prepared for the workshop (Annex 1).

3.2 Stage 2: Definition of prioritization criteria
Seven prioritization criteria were identified taking into account aspects of impact, vulnerability and
normativity.
These criteria were put under review by some members of the national government of the
Ministry of Environment and the Ministry of Health in meetings prior to the workshop, which
endorsed its application. A definition was established for each of these criteria and the parameters
under which they would be qualified according to their level of affectation (Table 3).

Table 3. Prioritization criteria and their qualification parameters
Criteria

Definition

Type of source

FTE

Determines if there is a risk
of exposure to the pollutant
according to the state of
activity of the source of
contamination.

CON

Intrinsic characteristic of the
pollutant that can be an
indicator of its danger.
Persistence
and
bioaccumulation are used as
a reference parameter,
according to the scale
established by REACH1

TPO

Presence of the pollutant in
different geographic scales
of the country.

Demographic
vulnerability

VDE

Description
of
the
distribution of the exposed
population based on the
population
vulnerability
group to which it belongs.

Impact on health

CEN

Affectation to health due to
exposure to pollutant

Physicochemical
characteristics of
the pollutant

Territorial
extension
pollution

1

of

Parameters (*)
●
●
●
•

Illegal Active Source (4)
Inactive or Suspended
Abandoned(3)
Active Industrial Source (2)
Natural Source (1)

or

• The pollutant meets the
considerations of being very
persistent
(mP)
or
very
bioaccumulative (mB) (4)
• The pollutant meets the criteria of
being
persistent
(P)
or
bioaccumulative (B) (3)
• The pollutant meets the
considerations of persistent (P) or
bioaccumulative (B) (2)
• The pollutant does not meet the
requirements of nor be persistent
(P) nor bioaccumulable (B) (1)
● National (4): affects more than
one municipality in more than
oneDepartment
● Regional(3): it affects more than
one
municipality
in
the
sameDepartment
● Local(2): it affects more than
60% of a Local Municipality
• (1): area within a municipality
● Children's Exposure (4)
● Exposure
of
women
of
gestational age (3)
● Exposure of adults of third age
(2)
• Exposure
of
people
of
productive age (1)
● Carcinogenic, mutagenic or
reproductive disruptor (4)
● Other chronic effects (3)
● Acute effects with sequelae (2)
• Acute effects without sequelae

REGLAMENTO (CE) N o 1907/2006 DEL PARLAMENTO EUROPEO Y DEL CONSEJO de 18 de diciembre de
2006.

Criteria

Definition

Parameters (*)
(1)
●
●

Applicable
regulations

Social Vulnerability

NOR

Existence
of
legal
requirements that deal with
the contamination problem.

SOC

Vulnerability is "the result of
exposure to risks, coupled
with the inability to cope
with them and the inability
to actively adapt"

There is no legislation (4)
There is a judgment against the
State (3)
● There
are
partially
or
unregulated standards (2)
• There are norms that are not
implemented (1)
● Twice above the national
average above 41.66%
● Up to 1.5 times above the
national average - 41.66% (3)
● Equal to the national average (2)
● Per below the national average
(1)
NBI: the national average being
27.7%, DANE 2005

Note. The components of the NBI do
not include health issues (access,
quality, availability, etc.)
* The value in parentheses for each parameter corresponds to the rating that each pollutantmatrix will receive according to expert judgment, in the second phase of the methodology.
The characteristics of the pollutant and the impact on health were not submitted to expert
judgment, because they correspond to the intrinsic attributes of the pollutant s. These were
subsequently qualified by the HPAP expert team.

3.3.

Stage 3: Multicriteria Evaluation Application

The application of the multicriteria evaluation of the selected criteria was carried out according to
the methodology established by (Saaty & Vargas, 2012). In this process each criterion was
weighted, establishing the comparison between its peers, evaluating the relative importance of a
criterion on each of the others.
The scale of measurement used to assign value judgments was continuous, taking values from 1 to
9, with value 1 expressing equality in the importance of pairs of criteria and 9 the greatest relative
importance from one criterion to another, as shown in Table 4.
Value
1
3
5

Table 4. Rating scale for the Multicriteria Evaluation.
Difference of importance between pairs of criteria A and B
Equally important A and B
Moderately more important than B
Strongly more important than B

Value
7
9

Difference of importance between pairs of criteria A and B
Very strong more important than B
Overwhelmingly more important than B

The intermediate values 2, 4, 6 and 8 are used to represent the judgment tones between the five
basic evaluations.
After qualifying the pairs, the information was processed in an Excel macro according to the vector
calculations established in the methodology to know its weight. The detailed calculations are
included in (Saaty & Vargas, 2012) and likewise the variable of the consistency index are calculated
and are shown in Annex 2.
The Consistency Index corresponds to a mathematical validation of the judgments of the experts
who participate in the evaluation process in the weighting of the criteria, that is, it is a quality
control in guaranteeing that the different judgments are consistent and do not present variations
in the evaluation. On the one hand, the consistency index refers to the unit, where further away
from it will be less consistent. In our case, the values represent high consistency.

3.4.

Stage 4: Rating of pollutants according to matrix

After establishing the weight of importance for each of the criteria processed in the previous
phase, a qualification was carried out by the experts for each of the pollutants in a specific matrix
between the values between 1 and 4 that were established in the Table 3.
An example of a general calculation of how the rating is performed is shown in Figure 1 and the
detail of the calculations obtained are shown in Annex 3.

Figure 1. Example of classification of pollutants by matrix

3.5.

Identification of gaps

In order to identify the information gaps corresponding to those pollutants that could not be
tracked from the review and analysis of scientific articles, a survey was designed and distributed
during the registration (Figure 2). The survey was completed by the participants and delivered to
the moderators of each table to consolidate the results and discuss them in plenary.

From the result of the discussion and by consensus, additional pollutants were defined to be
included.

Figure 2. Survey for identification of gaps

4. Execution of the workshop
The workshop was held on June 14, 2018, 26 people participated, corresponding to 81% of those
summoned and representing 80% of the invited institutions. The agenda of the event and the
attendance lists can be found in Annex 4.
Previously the participants were organized by work tables distributing the assistants according to
their expertise in an environmental matrix. Four preliminary work tables were obtained.
For Phase 1, three workshops were organized taking into account the number of participants. Each
table had a moderator of the UNIDO or Pure Earth team. The tables were organized as shown in
Table 5.
Table

1

2

Table 5. Work tables in Phase 1
Participants
Institution
Gildardo Bermeo
Ministerio de Salud
Lina Guerrero
Ministerio de Ambiente
Sergio Hernández
Instituto Nacional de Salud
Luis Carlos Gómez
Departamento Nacional de
Rodolfo Alarcón
Planeación
Yudy Lizeth Cantor
Agencia Nacional de Licencias
Laura Rivera
Ambientales
Astrid Eliana Reyes
Ministerio de Ambiente
Alejandra Gonzalez
Departamento Nacional de

Moderator

Salua Osorio

Alfonso
Rodríguez

Table

3

Participants
Luisa Fernanda Soto
Viviana Cerón
Gloria Guevara
María Fernanda Vélez
Carolina Cruz
Ivette Gómez
German Hernandez
Juan Gabriel Gonzalez
Yesenia Vasquez
Alex Padilla
Martha Cáceres
Patricia Herrera

Institution
Planeación
Ministerio de Minas y Energía
Instituto Nacional de Salud
OPS

Ministerio de Salud
Agencia Nacional de Hidrocarburos
Agencia Nacional de Licencias
Ambientales
OPS

Moderator

Lilian Corra

For Phase 2, four roundtables were organized considering the number of participants and their
expertise in a specific environmental matrix. Each table had a moderator of the UNIDO or Pure
Earth team. The tables were organized as shown in Table 6.

Table

1

2

3

4

Participants
Gildardo Bermeo
Lina Guerrero
Sergio Hernández
Luis Carlos Gómez
Rodolfo Alarcon
Yudy Cantor
Laura Rivera

Table 6. Work tables in Phase 2
Institution

Astrid Eliana Reyes
Alejandra Gonzalez
Luisa Fernanda Soto
Viviana Cerón
Gloria Guevara
María Fernanda Vélez
Mauricio Blanco
Carolina Cruz
Andrés Palacio
Andrés Méndez
Ivette Gómez
German Hernandez
Juan Gabriel Gonzalez
Yesenia Vasquez
Alex Padilla
Martha Cáceres
Patricia Herrera

Ministerio de Salud
Ministerio de Ambiente
Instituto Nacional de Salud
Departamento Nacional de
Planeación
Agencia Nacional de Licencias
Ambientales
Ministerio de Ambiente
Departamento Nacional de
Planeación
Ministerio de Minas y Energía
Instituto Nacional de Salud

Moderator

Salua Osorio

Alfonso
Rodríguez

Ministerio de Ambiente
Ministerio de Minas y Energía
OPS

Lizeth Olaya

Ministerio de Salud
Agencia Nacional de Hidrocarburos
Agencia Nacional de Licencias
Ambientales
OPS

Lilian Corra

5. Results
5.1.

Criteria weighting

For the development of the workshop, the opinion of most of the members of the tables was
always considered when consensus was not reached. The criteria that generated the most
discussion and discrepancy were the demographic and social vulnerability. These criteria in most
cases were prioritized by health sector participants. However, once a criterion was defined which
was more relevant between the two criteria evaluated, the degree of importance was achieved by
consensus.
Once processed the data of the work tables, the following result was obtained:
Table 7. Results weighting prioritization criteria
Parameter
Weight
Percentage difference
with respect to the
greater weight
Social vulnerability
0.33
N/A
Pollutant characteristic
0.17
48%
Impact on health
0.14
58%
Territorial expansion
0.12
64%
Demographic vulnerability
0.10
70%
Applicable regulations
0.08
76%
Type or Source
0.05
85%
ΣP
1.00
N/A

Consistency index
1.03
1.17
0.95
1.04
0.96
1.19
1.12
7 , 47

The parameter with greater weight was social vulnerability and at the same time obtained the
result of greater consistency.
The difference between the parameter of greater weight and the second is considerable,
corresponding to 48% with respect to that of greater weight. The difference between a parameter
and the immediately higher one varies between six and nine points.
Considering the consistency index, the criterion that presented the greatest difference of opinion
among the experts was Applicable Regulation followed by Pollutant Characteristics.

5.2.

Identification of gaps

Table 8 lists the additional contaminants that were mentioned by the workshop participants
(according to their perception and experience) and the reasons why these problems are
highlighted.

Pollutant
Benzene and Toluene
Radon

Asbestos
Fracking byproducts
Neonicotinoid Pesticides

PM2.5

Polymers
Domestic and industrial
Detergents and cleaners
Cyanide
Endocrine disruptors
Microbiological
NOx, SOx and CO
Nanomaterials

TPH

Table 8. Identification of gaps
Media
Notes
Air
Number of inhabitants exposed.
Air
There are no national investigations
despite international evidence of
emissions in soil and volcanic areas.
Air
Use in road construction materials
without pavement.
Production
of
conventional
hydrocarbons.
Air and Water
Persistence of formulations with these
active ingredients and affectation to
pollinators.
Air
Mortality due to contamination. There
are no studies that allow taking action
in this regard.
Water
Used in water purification.
water Water
Discharges
Source of contamination
Water and soil
Replacement of mercury in gold
production.
Pesticides in food production.
Water, Soil and Communicable diseases.
Food
Air
By constant exposure.
Consumer
Its effects on health are not known.
products such as
cosmetics, paints,
etc.
Water
In the proposed table there are no
water studies of this pollutant.

Of the pollutants listed in Table 8, the following were included in the prioritization process:
•
•
•

Benzene and toluene in air
Asbestos in air
Cyanide in water and soil

Pollutants such as radon, byproducts of fracking, polymers and nanomaterials were discarded
from the qualification by criteria due to the lack of specific information that would allow applying
the parameters defined for this purpose. In this case, the HPAP will include a recommendation to
advance in the construction of knowledge in the country regarding these pollutants.

Neonicotinoid pesticides were considered for classification within the general category of
pesticides.

Particulate material smaller than 2.5 microns (PM2.5) was considered within PM10, with the
clarification that under this pollutant all the particulate material less than this fraction was
evaluated.
Industrial domestic waters, detergents and cleaners, and microbiological pollutant s are beyond
HPAP's reach, so they were excluded from the prioritization process.
Respect to NOx, SOx and CO, these pollutants are part of atmospheric emissions from both fixed
sources and mobile sources. This type of source of contamination will not be HPAP's scope, since
the actions are more controlled by environmental authorities and government policies at the
macro level. Therefore, they will not be evaluated.

5.3.

Pollutant qualification by environmental matrix according to the
prioritization criteria.

Each of the tables was assigned one or two environmental matrices. The general comments
received are presented in Table 9.
Table 9. General comments by matrix
Media

Pollutant

Air

Cadmium
Copper
Dioxins
Furans
HAP
Mercury
Pesticides
Lead
PM10
Zinc

Soil

Arsenic
Cadmium
Copper
Chrome
HAP
Nickel
Lead
Zinc

Notes
In general terms, the following points were
highlighted in the discussion:
The group determined that regarding
demographic vulnerability, the entire population
was exposed, qualifying this criterion in 1 in all
cases.
The territorial extension of the pollution
generated some discussion considering the
dispersion
In applicable regulations, it was pointed out that
some pollutants, considering their low probability
of occurrence, did not require a standard and
therefore were given a rating of one.
The presence of heavy metals in the soil in
Colombia is often determined by the same type of
natural soil and its level changes are increased by
mining activities in the departments of Antioquia,
Choco, Antioquia and Cauca.
Reference is made to the non-inclusion of
Asbestos as a pollutant in soil in the workshop

Media

Notes

Pollutant
Mercury
Pesticides

Water

Arsenic
Cadmium
Chrome
Mercury
Pesticides
Lead

Food

Arsenic
Cadmium
Copper
Mercury
Pesticides
Lead

detail, for which it is requested to have it in future
evaluations.
The presence of cadmium (Cd) in water stands out
in the departments of Boyacá, Cundinamarca and
Antioquia, and is mainly due to the presence and
activity of tanneries.
In the case of lead (Pb) in water, the experts
considered it to be a non-generalized type of
contamination and the presence of this pollutant
in the reference matrix may have its origin more
in transport from other matrices than as direct
contamination.

According to the analysis of the seven criteria, the results observed in Table 10 were obtained. The
calculations from which the results were obtained are presented in Annex 3.
Table 10. Pollutant and media score
Pollutant
Lead
Mercury
Mercury
Lead
Pesticides
Pesticides
Mercury
HAP
Chrome
Nickel
Arsenic
Pesticides
Chrome
Cyanide
Cadmium
Mercury
Dioxins
Furans

Media
Soil
Water
Food
Food
Soil
Food
Soil
Soil
Soil
Soil
Food
Water
Food
Soil
Food
Air
Air
Air

Score
3,77
3,75
3,75
3,75
3,64
3,64
3,60
3,55
3,49
3,44
3,40
3,31
3,29
3,24
3,21
3,10
3,08
3,08

Pollutant
Arsenic
Cyanide
Lead
PM10
Copper
Benzene, toluene and xylene
HAP
Cadmium
Chrome
Asbestos
Arsenic
Pesticides
Lead
Zinc
Zinc
Copper
Cadmium
Cadmium

Media
Soil
Water
Water
Air
Soil
Air
Air
Soil
Water
Air
Water
Air
Air
Soil
Air
Air
Air
Water

Score
2,99
2,99
2,98
2,84
2,83
2,83
2,74
2,73
2,69
2,64
2,59
2,50
2,33
2,26
1,98
1,90
1,90
1,82

For the two criteria qualified according to the physicochemical characteristics of the pollutants
(impact on health and characteristics of the pollutant), in the event that the contaminant included
more than one substance (pesticides, PM10 and PAH), the highest risk rating was considered to be
representative of the whole group considering the precautionary principle. Likewise, the highest
score was considered as representing the danger in the behavior of the pollutant in the type of soil
where its value was the most critical.
As part of the evaluation of the characteristics of the pollutant, persistence2 and bioaccumulation3
in the environment were taken as the most influential variables for the study. The toxicity was not
considered in this parameter because it was considered in Impacts to Health.
The parameters used in the classification of the characteristics of the pollutant were taken from
the criteria established in REACH (Annex 5).

2

Persistence is defined as the capacity of any pollutant to retain its physical, chemical and functional
characteristics in the medium in which it is transported or distributed, during a limited period after its
emission. Pollutants that persist longer in the environment are more likely to interact with the diverse
elements that make up ecosystems. If its average life and persistence varies according to environmental
conditions, rainfall and leaching or volatilization capacity.
3
Pollutants tend to accumulate over time, both in soils and in biota. However, some suffer degradation as a
result of chemical and microbiological reactions in soil or water. On the other hand, Bioaccumulation is the
potential of a substance or mixture of substances to accumulate in the biota and with time, pass through the
food chain and use the ethanol / water partition coefficient (Kow) and the bioconcentration as a reference.

The health impact parameter was evaluated according to the classification of the International
Agency for Research on Cancer - IARC regarding carcinogenicity. For those who were not classified
in category 1, 2a or 2b, the related health effects were reviewed in the Agency for Toxic
Substances and Disease Registry - ATSDR of the Center for Disease Control of the United States
(Annex 5)
Figure 3 shows that air and soil matrices are the ones that report the highest number of pollutants
compared to water and food matrices. However, all the scores obtained from the pollutant s in the
food matrix exceed the scores obtained in the air matrix.
4
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Figure 3. Distribution of pollutants by matrix
Figure 4 shows the scores distributed by matrices in each of the pollutants. It is observed that the
scores obtained in the soil and food matrices always obtain the highest values in all the pollutants.
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1.5
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1
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0.5
0

Pollutant

Figure 4. Distribution of matrices by pollutant.
Taking the values for each one of the pollutants, integrating all the matrices (soil, air, water and
food) and making their average, we can see that the pollutant with the highest average is mercury
(Table 11).
Table 11. Average rating of pollutants in all matrices
Pollutant
Mercury
Nickel
Pesticides
Lead
Chrome
HAP
Cyanide
Furans
Arsenic
PM10
BTX
Asbestos
Cadmium
Copper

Average rating
3,55
3,44
3,27
3,21
3,16
3,15
3,11
3,08
2,99
2,84
2,83
2,64
2,41
12,37

Zinc
Dioxins

2,12
1,54

The same treatment was given to each one of the matrices calculating the average taking the
values of all the pollutants, in this case the matrix with the highest average is that of food followed
by the soil matrix. The results are shown in Figure 5.
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Figure 5. Average rating of all pollutants

6. Conclusions
Despite the lack of data for each of the pollutants evaluated, the adaptation of the methodology
applied allowed to gather the opinion of the technical representatives of different government
institutions, regarding the biggest current problems of contamination and health in the country. .
The ratings made by experts' judgments report a degree of consistency within acceptable values;
so it can be concluded that the results obtained are coherent among the different government
institutions that attended the workshop.
Considering that the Social Vulnerability obtained the highest weight among all the criteria, the
perceived impact of social determinants on health from the perspective of the government
representatives for intervention decision making is evident.
The result obtained for mercury as the pollutant with the highest score grouping all environmental
matrices, is in line with the problems perceived by the national government as the most discussed
and addressed in recent years related mainly to the mining sector.
Considering that nickel, pesticides and lead are the pollutants with the highest average grouping
all the matrices, after mercury, the design of solutions focused on heavy metals could be an
efficient alternative of intervention.

Despite the presence of only six pollutant s in the food matrix, it obtained the greatest result when
calculating the average value including all pollutants. Additionally, it includes three of the
pollutants with the highest average score of all the matrices and within the first ones in the
general qualification. This may indicate that an intervention in this matrix would have the
potential to generate a significant impact on health effects due to contamination.
Observing that the soil obtained the second average score by including all the pollutants, an
intervention to this matrix could have an impact on the food matrix, since most of the
contamination migrates between these two matrices.
The air matrix was the lowest average value including all the pollutants. This could be directly
related to the demographic vulnerability, since when this pollutant was not concentrated on a
specific population group, the general qualification of this criterion was one (1).
Heavy metals such as Zinc, Copper and Cadmium scored the lowest in the overall rating. This
possibly refers to the fact that there are no sources of direct contamination by these substances
and their presence can be derived from a combination of mining activities and natural presence in
the environment.
The lack of information regarding the pollutants identified as gaps (BTX, Asbestos and Cyanide),
could generate the low scores obtained in the general rating that it generates, leading to these
pollutants have little probability of being included in the national priorities.
The results of this workshop are the starting point for the elaboration of the Action Plan on Health
and Pollution (HPAP, for its acronym in English). After the socialization of these results with the
government authorities, the process of discussion and agreement of the interventions that will be
reflected in project initiatives concerning the prioritized topics will begin. At the end of the current
year, the Action Plan will be socialized with the project initiatives.

7. Recommendations
The following recommendations arise from the conclusions obtained from the workshop and are
addressed to government entities that, due to their competences, participate in the decision
making on pollution and health issues. In this sense, considering that the new development plan is
being prepared by a new government, it is the opportunity for these recommendations to be
considered in the policies, plans, programs and projects that derive from this plan.
•
•
•

The actions derived from the policies, plans, programs and projects consider the risk
factors associated with Social Vulnerability.
Design interventions aimed at the prevention and control of contamination by heavy
metals.
Interventions in soil and food matrices would have the potential to generate a significant
impact on health effects due to contamination.

•

Promote the development and research programs related to emerging pollutants and
identified with lack of information.

Annexes
Annex 1. Scientific articles reviewed.
Number

Tittle

Year

Main author

1

A behavioral model of collective action in artisanal and small-scale
gold mining

2015

Adrián Saldarriaga-Isaza

2

A comparative assessment of human exposure to
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ultraﬁne/nanoparticles
role and resultant engineering controls

2017

Marcos L.S. Oliveira

16

Community without solidarity:
mercury pollution from smallscale
mining and Colombia’s
crisis of authority

2013

Shefa Siegel

17

Condición socioeconómica, patrones de alimentación y exposición
a metales pesados en mujeres en edad fértil de Cali, Colombia

2017

Roger Figueroa

18

Consulta médica en población en edad
productiva y contaminación atmosférica
en Bogotá: 2008 y 2010

2012

Juan C. García-Ubaque

19

Contaminación biológica intradomiciliaria y su relación con
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Nematode and mercury content in freshwater fish belonging
to different trophic levels
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Presence of PAHs in water and sediments of the Colombian Cauca
River during heavy rain episodes, and implications for risk
assessment
Prevalence of respiratory symptoms associated with outdoor and
indoor air
pollution in Bogota 2012
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Oxidative stress and repetitive element methylation changes in
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112

Pyrethroids in human breast milk: Occurrence and nursing daily
intake estimation

2012

Cayo Corcellas

113

Perfluorooctanesulfonate and related fluorochemicals in biological
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the
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Annex 2. Basis of calculation - Multicriteria Methodology.

Tipo de Fuente
Contaminante
Extensión
Demografia
C. Enfermedad
Normatividad
V. Social

Fuente Contaminante
1,00
0,21
4,72
1,00
1,71
0,37
1,71
1,19
1,44
0,75
2,54
0,71
7,32
2,71

MATRIZ GRUPAL
Extensión Demografia C. EnfermedadNormatividad
0,58
0,58
0,69
0,39
2,71
0,84
1,33
1,41
1,00
1,71
0,58
1,42
0,58
1,00
0,58
1,29
1,71
1,71
1,00
1,91
0,70
0,78
0,52
1,00
1,71
2,71
1,91
6,80

V. Social
0,14
0,37
0,58
0,37
0,52
0,15
1,00

MATRIZ NORMALIZADA

Tipo de Fuente
Caractaristicas Contaminante
Extensión Territorial
Vulnerabilidad Demográfica
Impacto a la Salud
Normatividad Aplicable
Vulnerabilidad Social
∑

Fuente

Contaminante

Extensión

Demografia

C. Enfermedad

Normatividad

V. Social

0,05
0,23
0,08
0,08
0,07
0,12
0,36
1,00

0,03
0,14
0,05
0,17
0,11
0,10
0,39
1,00

0,06
0,30
0,11
0,06
0,19
0,08
0,19
1,00

0,06
0,09
0,18
0,11
0,18
0,08
0,29
1,00

0,10
0,20
0,09
0,09
0,15
0,08
0,29
1,00

0,03
0,10
0,10
0,09
0,13
0,07
0,48
1,00

0,04
0,12
0,19
0,12
0,17
0,05
0,32
1,00

Tipo de Fuente
Caractaristicas Contaminante
Extensión Territorial
Vulnerabilidad Demográfica
Impacto a la Salud
Normatividad Aplicable
Vulnerabilidad Social

Peso

Indice de consistencia

0,05
0,17
0,12
0,10
0,14
0,08
0,33
1,00

1,12
1,17
1,04
0,96
0,95
1,19
1,03
7,47

Λmax

