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Chry: Chrysotile; Cro: Crocidolite; DANE, Departamento Administrativo Nacional de Estadística / National Administrative Department of 
Statistics; GIS: Geographic Information System; IARC: international Agency for Research on Cancer; IGAC: Instituto Geográfico Agustín 
Codazzi / Agustín Codazzi Geographic Institute; MPM, Malignant Pleural Mesothelioma; PCM: Phase Contrast Microscopy; PLM: Polarized 
Light Microscopy; TEM: Transmission Electron Microscopy; US EPA: United States Environmental Protection Agency. 
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Abstract 

Introduction. Sibaté is a municipality located in the central region of Colombia, where the first 

asbestos-cement facility of the country has been in operation since 1942. Both a malignant pleural 

mesothelioma cluster and landfilled zones with the presence of an underground friable asbestos 

layer have been identified in Sibaté. There is still limited knowledge regarding the history of the 

construction of landfilled zones, and what kinds of materials were deposited. The current study aims 

to improve our understanding of the history and characteristics of the landfilled zones present in 

Sibaté.  

Methods. Two participatory workshops with inhabitants of Sibaté were conducted to determine 

when the landfilled zones were built and their location. Information collected in participatory 

workshops was crossed with both topographic maps and aerial photographs, giving special attention 

to zones within the urban area of the municipality that in the past were inundated with water from El 

Muña Reservoir. An opportunistic soil sampling campaign was conducted in suspected landfilled 

zones that had not been previously sampled, during the replacement of pipelines of the drainage 

system ordered by the municipality. 

Results. The analysis of historic topographic maps, combined with the interpretation of aerial 

photographs, confirmed the disposal of residues in areas that were previously inundated with water 

from El Muña Reservoir, creating landfilled zones in the urban area of Sibaté. On top of these 

landfilled zones, a football stadium and a football field with an athletic track were built. The location 

of landfilled zones identified using geographic analysis was similar to the location identified analyzing  

maps constructed by inhabitants of Sibaté in participatory workshops. The four soil samples collected 

during an opportunistic sampling campaign confirmed the presence in new locations of the 

underground friable asbestos layer discovered in previous studies.  

Discussion. Based on the extension of the landfilled zones, the presence of friable asbestos in these 

areas, and the close proximity to a school and residential dwellings, there could have been major 

dispersion events of asbestos fibers in the urban area of Sibaté during the disposal of residue 

materials and the construction of the landfilled zones. Thus, important asbestos exposures may have 

occurred among residents of Sibaté, which is aggravated by the fact that during those years, more 

than 50% of the population of Sibaté was 25 years old or younger. Although the results of the current 

study improved our understanding of the processes and chronology associated with the landfilled 

zones, the uncertainty regarding their exact location remains significant. It is important to continue 

investigating the adverse health effects resulting from this potential asbestos exposure source. 
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Introduction 

Asbestos is a term that refers to two types of silicates with fibrous textures: serpentines (i.e., 

chrysotile) and amphiboles (i.e., crocidolite, amosite, tremolite, actinolite, anthophyllite) [1] [2] [3]. 

Because of their size, these fibers can be easily inhaled, and can reach and settle in different parts of 

the respiratory tract, including the alveoli [1]. Asbestos exposure can cause multiple diseases, 

including non-neoplastic pathologies such as asbestosis, pleural plaques, or pleural thickening, and 

malignant diseases including cancer of the lung, larynx, and ovaries and mesothelioma [1]. The 

adverse health effects of asbestos were identified during the 20th century [4] [5] [6], and in 1977 all 

asbestos forms were classified as a Group 1 Carcinogen (i.e., carcinogenic to humans) by the 

International Agency for Research on Cancer (IARC) [7] [8]. Based on available scientific evidence, 

genetic predisposition per se is not currently recognized as an independent causal factor for 

malignant mesothelioma, but it could enhance the health impact of asbestos exposure and also 

modulate the patients’ response to pharmacological therapies [9] [10]. Because of their 

physicochemical characteristics, asbestos have been widely used in many products, including building 

and insulation materials (e.g., corrugated roof sheets, water pipes), and auto-parts (e.g., brake pads, 

brake linings, clutch disks). The extensive and global use of asbestos was the result of a multifaceted 

industry in charge of the extraction, packaging, transport, and transformation of the material into 

commercial products. In July 2019 asbestos was banned in Colombia, and the law will come into 

effect on January 1st, 2021. 

The current study is preceded by two publications analyzing the asbestos problem in the municipality 

of Sibaté, Colombia [11] [12]. In 1942 an asbestos-cement facility was built in Sibaté, a municipality 

located about 25 kilometers southwest of Bogotá, the Colombian capital [13]. The plant is located 5 

Km north of the urban area of Sibaté, within the jurisdiction of the municipality. The facility is still in 

operation and has processed asbestos since 1942. It had manufactured both asbestos-cement pipes 

and corrugated asbestos-cement sheets, but in recent years only corrugated asbestos-cement sheets 

have been manufactured. Sibaté is a young municipality with a population of 40000 inhabitants 

approx. [14]. Until 1967, Sibaté was part of another municipality called Soacha [15]. Between the 

urban area of Sibaté and the asbestos-cement facility there is a water reservoir called El Muña, built 

in the 1940s [16] [17]. At its maximum extension, the reservoir encircled an important part of the 

urban area of Sibaté (see Supplementary Material 1 for a detailed explanation). In a recent study, 

both a mesothelioma cluster and an underground friable asbestos layer were discovered in Sibaté 

[11]. Information collected in door-to-door questionnaires administered in four neighborhoods of 

Sibaté suggested that in some parts of the urban area of the municipality landfilled zones were built, 

something that was later confirmed with geographical analysis and a participatory workshop 

conducted with inhabitants of the town [12]. Based on the evolution of the urban zone and changes 

in topographic height of the urban area of Sibaté, "probable" and "possible" landfilled areas were 

identified comparing a 1978 topographic map to an actual satellite image, which was complemented 

with a topographic analysis [11]. “Probable” landfilled zones correspond to former inundated areas, 

and “possible” landfilled zones refer to areas that are slightly lower in topographic height compared 

to the surrounding area. Soil samples collected within or near landfilled zones confirmed the 

presence of an underground friable asbestos layer close to the football stadium, in a football field 

with athletic track and in an elementary school [11]. The history of the landfills and the reasons for 

their construction cannot be disassociated from the history of El Muña Reservoir. The first evidence 

of the project to build the reservoir dates back to the early 1930s, while the construction process 

began about ten years later [18], and the water filling process may have occurred in the mid-1940s. 

Soon after a yachting club was established [19] and sport-fishing activities were developed. As a 

result, during the 1950s the region experienced a significant increase in its economic activity [17]. 
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The situation changed drastically in 1967 (i.e., the same year Sibaté became an independent 

municipality), when the Bogotá Energy Company (EEB) decided to pump the water from the heavily 

polluted Bogotá River into El Muña reservoir for energy generation purposes [16] [17]. Among other 

contaminants, the Bogotá River had high concentrations of heavy metals and organic matter, and 

because of this, the yachting club was relocated to another water body [19] and the reservoir 

stopped being a recreational and tourist attraction. Strong odors began to spread around the 

reservoir, and as a remediation response against pollution, an aquatic plant, Eichhornia crassipes 

(i.e., known as "el buchón"), was introduced [16]. The aquatic plant generated an adequate habitat 

for mosquito population, increasing its number. Both the mosquitoes and odors prompted the 

construction of dykes to displace the water from the urban area, desiccating the water. Afterwards, 

residue materials were disposed in the areas where water was previously present, and later these 

deposits were compacted creating the landfilled zones where a football stadium and a football field 

with an athletic track were built [11]. 

Since in the previous study described above a single map was used, changes over time of these 

landfilled zones were not determined. For risk management purposes it is important to improve our 

understanding of the location and history of these landfilled zones. Although seldomly used for this 

purpose, aerial photographs can be useful for understanding the chronology of an urbanization 

process [20]. Aerial photographs have also been used to identify potential areas suitable for the 

construction of landfills [21] or, if we consider the frame of the current study, in the detection and 

analysis of landfilled zones [22] [23]. Historical geographical information can be important in the 

identification of risk areas [24] and combined with GIS, can determine spatial changes over time [25]. 

The tools previously mentioned can be complemented with the knowledge of local inhabitants for 

the location of health risks, as it has been proposed by Mc Call [26]. Although these methodological 

approaches were originally conceived for understanding, mapping or managing natural risks [27] [28] 

[29], they have also been used to understand land use evolution [30] [31] [32].  

The current study aims to confirm the presence of landfilled zones in Sibaté. Since a friable asbestos 

layer was previously found at several points of the "probable" and "possible" landfilled zones, the 

use of soil samples to determine more precisely the boundaries of the landfills was discarded 

because of the risk of dispersion of asbestos fibers if the friable asbestos layer is disrupted. Thus, in 

this study geographic information (i.e., old topographic maps and aerial photographs) and 

information collected in participatory workshops with local residents, were combined to improve our 

understanding of the potential location of landfilled zones and the timing of their construction. 

Materials and Methods 

This work combines several sources of information and different methods, including the 

identification of historical geographic information and its analysis using GIS, the organization of 

workshops in which participatory mapping exercises were conducted, and the opportunistic 

collection of soil samples and its laboratory analysis. 

Initially and to characterize the topography of the area studied a DEM was used (USGS, SRTM, 1 arc-

second ~ 30 meters). The contour lines of the area of interest were derived from the raster using the 

"raster to polyline" tool in a GIS software (Arcgis 10.4 - ESRI ©). To determine the evolution of land 

uses in the region, all the relevant and available topographic maps of the area of interest from the 

1950s to the 1990s were collected and analyzed. For this, estimated dates of the construction of the 

landfilled zones in the urban area of Sibaté were initially determined from the surveys of the first 

study [11]. Once the area of interest was identified (i.e., 246-II-C-2), the corresponding digital maps 

available (i.e., 1950, 1978, and 1989) at a scale 1:10000 were obtained from the Colombian 
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Geographic Institute (i.e., IGAC - Instituto Geográfico Agustín Codazzi). The digital map from 1965, 

which partially covered Sibaté, was discarded. To identify the appropriate aerial photographs, the 

area of interest (i.e., L10) was initially determined using a specific interface of IGAC 

(https://geoportal.igac.gov.co/contenido/indice-lineas-de-vuelos-aerofotografias-blanco-y-negro). 

From the L10 zone, maps corresponding to the flight lines that passed over the urban area of Sibaté 

on a ten-year period were identified. Applying these criteria, the following photographs were initially 

obtained in TIFF format: 1965 (M 1337-34854 – estimated scale: 1:50000), 1974 (C 1546-41 – 

estimated scale: 1:50000), 1986 (C 2245-356 – scale: 1:9000), 1995 (C 2549-40 – scale: 1:40000), 

2005 (C 2760-26 – scale: 1:10810). Photographs were then geo-referenced (Magna-Sirgas, Bogotá 

Colombia zone) in GIS software (Arcgis 10.4 - ESRI ©), which allowed superimposing them with 

current satellite images (Digital Globe, 2016) to establish the evolution of the urban area of Sibaté 

and to specify the changes in land use of the previously identified critical zones. 

Two participatory workshops with residents of Sibaté complemented the geographical analysis of 

topographic maps and aerial photographs. The Universidad de Los Andes Ethics Committee reviewed 

and approved the procedures applied in the participatory workshops. Participants of the workshops 

were selected using as inclusion criteria being a resident of Sibaté when landfills were constructed, 

and being old enough to remember the process of residue disposal and/or construction of the 

landfilled zones. No exclusion criteria were applied. Residents of Sibaté that are collaborating with 

the current study helped identify inhabitants of Sibaté that could have knowledge of the landfills, 

who were invited by members of the research team to participate in the workshops. No financial or 

other types of incentives were offered. The participatory workshops were conducted on April 28, 

2018 (11 people) and March 30, 2019 (7 people) adapting the methods proposed by Candelo et al. 

[33] and Rubio et al. [34]. One of the main objectives of the workshops was to determine the location 

of the landfilled zones, their history and how they were built. The chronology of relevant events in 

the evolution of the landfilled zones was of particular interest during the workshops. Using boards 

placed on the walls of the room where the workshops were conducted, participants shared their 

knowledge regarding questions with several answer options (Supplementary Material 2). Several 

topics were addressed during the participatory workshop regarding landfills characteristics including 

the source of the materials, the disposal of the materials, the disposal zones, the dates of disposal, 

hours of disposal, actors involved, construction process, among others. For the mapping exercise 

conducted during the participatory workshops, a map showing the urban area of Sibaté was given to 

each participant asking them to draw the landfilled areas (Supplementary Material 3). All the maps 

constructed during the participatory workshops were scanned and georeferenced. The zones 

identified as landfills and/or disposal areas were vectorized as a polygon. To identify those areas that 

were most frequently mentioned by the participants, the number of overlapping polygons was 

counted applying the technique colloquially known as "spaghetti and meatballs" [35]. Three maps 

were produced: a map representing how frequently a landfilled area was identified during the 

participatory workshop of April 28th 2018, a map representing how frequently a landfilled area was 

identified during the participatory workshop of March 30th 2019, and a map representing how 

frequently the disposal zones were identified during the participatory workshop of March 30th 2019. 

The information extracted from these maps was compared against the maps resulting from the 

geographical analysis that used topographic maps and aerial photographs. 

As previously explained, because of the presence of an underground layer of friable asbestos [11], 

soil sampling activities associated with the study were discontinued. Nevertheless, during the second 

semester of 2018 the municipality commissioned the replacement of underground pipelines of the 

water drainage system, and after warning them of the risks derived from this activity, an 

opportunistic soil sampling campaign was conducted on the slopes of the excavations (Fig. 1). 
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Samples of what could be the friable asbestos layer were collected (Supplementary Material 4). 

Samples were collected and analyzed by polarized light microscopy (PLM) according to the US EPA 

600/R-93-116 [36], ASTM D7521-16 [37] and soil screening guidelines [38]. Analysis was done by an 

AIHA accredited laboratory in the United States (i.e., Forensic Analytical Laboratories, Hayward, 

California, USA). All the researchers involved in collecting soil samples used appropriate personal and 

respiratory protection equipment. 

 

 

Fig. 1: Location of the four points where samples were opportunistically collected for analysis 

 

Results 

The topographic characteristics of the urban area of Sibaté analyzed using a digital elevation model 

(Fig. 2), makes it possible to distinguish three zones: a hill (i.e., Cerro La Inmaculada), with urbanized 

steep slopes on its northern and western flanks (1); a large flat central area corresponding to the 

oldest and original urban development of Sibaté (2); and some peripheral neighborhoods in the 

southern, western and northern parts, which were urbanized more recently, where a slight slope is 

present towards the dark gray areas that correspond to the old, now dried, inundated zones of the 

reservoir (3).  
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Fig. 2: General topography of the urban area of Sibaté 

Topographic maps from different years of the second half of the 20th century show the urban 

expansion and the densification of the built environment of Sibaté (Fig. 3). The central square, where 

the town hall is currently located, is the center of expansion of Sibaté. The flat areas (sector 2, Fig. 2) 

were the first to be urbanized, followed by the urbanization of the flanks of the eastern hill (sector 1, 

Fig. 2), and finally the low-lying areas of the south, west and north (sector 3, Fig. 2). This urbanization 

process is accompanied by drastic changes in land-use patterns that are much greater than just new 

constructions. Thus, on the southern and western flanks of the urban center, important wetlands 

have disappeared over time. Based on topographic and land-use changes, preliminary evidence 

indicates that these low areas, corresponding to areas previously inundated with water of the 

reservoir, were filled with exogenous materials [11]. However, the use of additional topographic 

maps brings new information including: 

- The inundated zones in the urban area of Sibaté were formed when the reservoir was 

filled. 

- At the end of the 1970s, urbanization in the south extended very close to the inundated 

zones. 

- The filling process of the south and west inundated zones of the reservoir occurred at 

different time periods. 



 

 8 

- By the mid-1980s, inundated zones were not completely dried and the sports facilities 

(i.e., the stadium and the football field with an athletic track) did not exist. 

 

The comparison against a current satellite image shows that both the football stadium and the 

football field with an athletic track were built on what used to be topographic depressed zones 

within the urban area of Sibaté. The north and northeast part of the municipality were also urbanized 

with new neighborhoods (i.e., west, north and northeast), a bullfight arena (i.e., north), and 

residential buildings (i.e., west and northwest) (Fig. 3). 

 

Complementing the information obtained from topographic maps with aerial photographs (i.e., one 

per decade beginning in the 1960s, Fig. 4) it is possible to have a better understanding of the 

evolution of the urban area of Sibaté since its establishment as an independent municipality. The 

aerial photographs coincide with the maps, showing a gradual densification from a pre-existing core 

of dwellings surrounding what is today the Town Hall Square. The added value of the use of aerial 

photographs is an improved knowledge of the chronological changes in the inundated zones in the 

south and west areas of the urban area of the town, especially the fact that the disposal of residues 

in these areas is fairly recent. The photographs from 1965 and 1974 do not suggest residue disposal 

on these sectors, except for small whitish patches in the 1974 photograph, although these could also 

be the result of an accumulation of sands and silts.  

 

The aerial photograph of 1986 (Fig. 4) provides novel information regarding the history of the 

landfilled zones. The asynchrony of the desiccation of the reservoir’s water intrusions is confirmed 

but, contrary to what is suggested by the topographic maps (i.e., Map of 1989 in Fig. 3), the southern 

intrusion was the first to be filled with residues. On the other hand, the topographic map of 1989 

(Fig. 3) also suggests that the process of desiccation of the southern inundated zone had not yet 

been completed. By 1986 (Fig. 4) two thirds of the topographic depressed zone seems to be filled, 

and straight lines of anthropogenic origin are observed. These lines may have been created by the 

trucks that transported the residues to the area and by soil compaction equipment.  

 

The aerial photograph of 1995 (Fig. 4) shows that the desiccation of the water intrusion located on 

the south is finished and that the football stadium was built on top of this area. This photograph also 

shows that the desiccation of the western water intrusion was still in process in the mid-1990s.  

 

The aerial photograph of 2005 (Fig. 4) shows that both zones that had been inundated in the past 

with water from the reservoir have been filled and that sports facilities, still in operation today, have 

been built: a football field with an athletic track at the west and the football stadium at the south. In 

summary, the desiccation of the zones that were inundated with waters of the reservoir occurred at 

different times: the southern intrusion mostly during the late 1980s, and the western intrusion in the 

mid 1990s. The photographs presented in Fig. 4 suggest that the filling process of inundated zones 

began sometime between 1974 and 1986. By 1986 more than one hectare of the southern inundated 

zone had already been filled, although the wetlands are still visible. In 1995, the southern part of the 

reservoir was drained and approximately 4.2 hectares of another previously inundated area had 

already been filled.  By 2005 the landfilled zones had been completed. The total area that was filled 

with residues has a size of approximately 4.5 hectares. It is important to recognize that the extension 

of the landfilled zones could be underestimated, since the estimation of the area of landfilled zones 

is based on the extension of areas that were previously inundated, which could exclude residues that 

were deposited to create a smooth transition into the terrains that surround the landfilled zones. 
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Fig. 3:  Evolution of the urban center of Sibaté using three topographic maps and a satellite image.
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The reconstruction of the process of desiccating and filling the former inundated zones was also 

done with inhabitants of Sibaté in two participatory workshops. Examples of the types of activities 

and questions asked to the participants of the workshops are presented in Supplementary Material 

2. After digitalization and vectorization of the maps elaborated in the participatory workshops, areas 

of coincidence based on frequency were determined (Fig. 5). An example of a map developed by 

participants is presented in Supplementary Material 3. Information obtained from the first 

participatory workshop (28th of April 2018; n = 11; women = 4; men = 7, age range: 24–78 y.o.) 

confirmed that the current location of the football stadium and the football field with athletic track 

were critical zones identified by all the participants.  

During the workshop of April 28th, 2018, some participants sitting side by side shared information 

when drawing the maps in an activity that was initially planned as an individual task. This may have 

biased the results, and some areas of Sibaté identified as landfilled zones may have been over-

represented. Furthermore, during this workshop participants made a distinction between “landfilled 

zones” and “disposal zones”, explaining that there were two landfilled zones (i.e., former inundated 

areas), but there were also other areas where residue materials were deposited. During the second 

workshop conducted on March 30th 2019 (n = 7; women = 4, men = 3, age range: 46–70 y.o.), this 

distinction was specifically addressed. Participants were asked to complete two maps, one with the 

location of landfilled zones and the other with the location of disposal zones (Fig. 6). Five out of 7 

participants of the second workshop stated that the football stadium and the football field with an 

athletic track are located on areas of material disposal, and 6 out of 7 stated that both the football 

stadium and the football field with an athletic track were built on landfilled zones. Thus, landfilled 

and disposal zones are apparently the same, but there were some cases in which inhabitants of 

Sibaté moved the disposed material to their homes to use it in the foundation or to level the floors. 

Because of this asbestos contamination in Sibaté may extend beyond the landfilled zones. The 

creation of landfilled zones seems to be initiated with the disposal of residue materials in 

topographic depressed zones, which was followed by material compaction. Then, infrastructure was 

built on top. 
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Fig. 4: Analysis of the desiccation of the reservoir’s southern and western water intrusions in the urban area of Sibaté using aerial photographs
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Fig. 5: Location of the landfilled zones according to the participants - First workshop 

The information provided by the participants of both workshops regarding the location of the 

landfilled zones showed an important spatial correlation with what is observed on the aerial 

photographs. Additionally, participants reported the possibility of having asbestos contamination 

beyond landfilled zones, especially in the western part of the urban center of Sibaté. 

Finally, samples opportunistically collected in four sites on October 19th 2018 from the slopes of 

excavations ordered by the municipality to replace underground pipelines located on landfilled zones 

confirmed the presence of an underground friable asbestos layer (Supplementary Material 4). The 

results of the laboratory analysis of the samples are shown in Table 1, and the location of the four 

samples is shown in Figure 1. 
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Fig. 6: Location of the “disposal zones” (left) and “landfilled zones” (right) according to the participants of the 2nd workshop 
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Table 1: Results of the opportunistic soil sampling campaign 

 

In three of the four sites where soil samples were collected, the layer of friable asbestos previously 

identified in other locations [11] was found (Table 1). The friable layer had a chrysotile content of 10 

% in three samples, and a crocidolite content ranging from 2 % to 5 % (Table 1). The last sample was 

of dark brown soil with a chrysotile content of 2% (Table 1). The depth at which the friable layer was 

present in the three samples were it was found varies between 64 cm and 109 cm (Table 1). 

Furthermore, the thickness of the asbestos layer is not homogenous, and it ranges between 13 cm 

and 38 cm (Table 1). 

Discussion 

The current study improves our understanding of the location of landfilled zones in Sibaté and the 

history of the creation of these zones, and confirms the presence of the underground friable 

asbestos layer in new sites within the urban area of Sibaté. The results indicate that for at least a 

decade, residues were disposed in several hectares of topographic depressed zones of the urban area of 

Sibaté (Fig. 7).  

 

Fig.7: History of El Muña Reservoir and the construction of landfilled zones 

Based on the information provided by inhabitants of Sibaté during two participatory workshops, the 

construction of the landfills lasted more than 25 years. Nevertheless, the analysis of aerial photographs (Fig. 

4) suggests that the construction of the landfills may have lasted 10 years approximately, recognizing 

Sampling point Type of sample  Sample depth (cm)

Asbestos layer 

Thickness (cm) Asbestos type Asbestos content (%)

1 Sample of friable grey material 64 13 Chry / Cro 10 / 5

2 Sample of friable off-white material 109 31 Chry / Cro 10 / 2

3 Sample of friable grey material 72 36 Chry / Cro 10 / 2

4 Sample of dark brown soil 65 38 Chry 2
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important time gaps between aerial photographs and their limitation to precisely capture all the deposition 

of residues that may have occurred in different moments in time. Moreover, the aerial photographs show 

that the construction of the landfills was still in progress in the mid 1990s, something that was not reported 

in the participatory workshops. Thus, in the process of reconstructing the history of the landfilled zones 

several sources should be used, recognizing the limitations that each individual source of information has.  

Considering that soil samples collected in the current and previous studies confirmed the presence of an 

underground friable asbestos layer in specific sites of landfilled zones, during the disposal and subsequent 

compaction of these landfilled zones a major asbestos exposure source of the general population may have 

been created. The latency period of asbestos-related diseases determines that is crucially important to 

identify populations that were potentially exposed [39] [40] [41] [42] [43] [44], which can contribute in 

anticipating and preparing for future public health issues. It is important to highlight that a 

mesothelioma cluster has already been identified in Sibaté, with an important number of cases with 

no history of occupational asbestos exposure [11].  

To understand the characteristics of the population of Sibaté when landfilled zones were built, the 

population pyramids for 1986 and 1995 were constructed using official population data from DANE 

(Fig. 7) [45]. Both pyramids are similar with an "expansive" shape, which means a high percentage of 

young people, reflecting a very high birth rate and a lower than average life expectancy since the 

foundation of Sibaté in 1967 [46]. The slight decline in birth rates observed in 1986 is reflected a 

decade later in the age groups between 10 and 19 y.o. in the 1995 pyramid. However, the birth rate 

seems to be on the rise again by 1995. For both 1986 and 1995, young people are the majority of the 

population in Sibaté. In 1986, children under 10 y.o. accounted for 24.04% of the population and the 

population under 25 y.o. was 56.4%. In 1995, 24.65% of the population was younger than 10 y.o., 

and 51.2% was younger than 25 y.o.. The peak of both pyramids, which is quite slender, indicates a 

relatively low average longevity in Sibaté. Based on the 1985 census, in Sibaté in 1986 women 60 

years and older represented 3.12% of the population and men of the same age represented 2.96% of 

the population, while in Colombia and for the same age group women represented 7.3% of the 

population and men represented 6.7% of the population [47]. The high proportion of young people 

during the construction of the landfilled zones could help explain the large number of MPM cases 

diagnosed at unusual young ages in Sibaté [11], for a disease for which the median age at diagnosis is 

known to be above 60 y.o. [48][49]. A potential explanation for this finding is an asbestos 

environmental exposure that occurred at early childhood for these mesothelioma cases. In addition, 

the relatively short life expectancy indicated by the age pyramid suggests that some inhabitants of 

Sibaté may have died before the onset of mesothelioma. Thus, the health situation could be more 

critical than the one emerging from data described in the previous study [11], since many cases may 

have been missed. This information can be combined with the low men:women ratio of 

mesothelioma cases and it is also reinforced by the anamnesis on the type of asbestos exposure (i.e., 

no cases with occupational asbestos exposure). All together, these data reinforce the evidence of a 

cluster of mesothelioma cases associated to environmental asbestos exposure. 
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Fig. 8: Age-sex pyramids of Sibaté in 1986 and 1995 

Combining the methods used in the current study with the methods applied in a previous study [11], 

we propose the following steps for a preliminary location of landfilled zones, if an analysis of this sort 

is going to be conducted in other cases similar to the case-study of Sibaté:  

1) Identify and analyze, if available, historical documents that describe land use changes in the 

region. Furthermore, consult local authorities regarding the evolution of the cadaster and other 

information sources that could inform the location of landfilled zones. Historical photographic 

information, usually found in national archives, should be analyzed to determine if land use changes 

in the region could be identified, 

2) Compile all the available geographic information for the area of interest (e.g., Old and current 

topographic maps, digital elevation model, satellite images if available),  

3) Obtain the "source" material for the topographic maps (i.e., aerial photographs),  

4) Implement participatory workshops with local inhabitants, with particular attention to foster the 

scientific methods of the workshops, in order to complement and validate the results of diachronic 

interpretation of maps and aerial photographs,  

5) Integrate, geo-reference and cross all the available spatial information in a geographic information 

system to preliminarily determine the location of the target areas, 

6) Combine all the previous information to elaborate preliminary maps of the potential location of 

landfilled zones. In the case-study of Sibaté, the desiccation of water intrusions allowed for a more 

refined analysis to classify the landfilled zones into “probable” or “possible” [11]. Figure 9 shows the 

location of “probable” landfilled zones, in what used to be inundated zones, and where currently 

sports facilities are in operation.  

It is important to clarify that although the previous method results in valuable information regarding 

the location of landfilled zones potentially contaminated with hazardous residues (i.e., in this case 

asbestos), the boundaries of the landfilled zones determined using this approach may still have 

discrepancies compared to the real boundaries. A clear example of this can be illustrated by 

overlaying the geographic coordinates of the four soil samples opportunistically collected in the 

framework of the current study (i.e., marked as red points in Fig. 9) with the “probable” landfilled 

zone that corresponds to a former inundated zone. The boundaries of this landfilled zone were 

determined using the aerial photograph of 1974 (Fig. 9). The geographic coordinates of two of the 

four samples are located outside the boundaries of the landfilled zone, and since in these samples 

the presence of the underground layer of friable asbestos was confirmed, it can be concluded that 
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the real boundaries of this landfilled zone extend beyond the limits determined using the aerial 

photograph. Thus, caution should be applied when using these results since the boundaries 

determined could still miss areas where hazardous materials are present. Depending on the 

characteristics of the residues present in landfilled zones, direct and invasive methods including soil 

sampling campaigns could be an option to delimit their boundaries [50] [51]. In the specific case of 

Sibaté, the presence of friable asbestos represents a risk of exposure that prevented us from using 

invasive methods. Therefore, the risk of exposure to hazardous materials is something that should be 

analyzed in detail when deciding what strategies are going to be implemented to determine the 

location of landfilled zones. We are currently exploring the possibility of using different non-invasive 

methods to improve our understanding of the location of the landfilled zones and the underground 

friable asbestos layer, something critical for risk management purposes. In addition, the use of 

stereoscopy on aerial photographs is another technique that could be applied in the future to 

determine topographic changes and complement the findings of the current study. 

 

Fig. 9: “Probable” landfilled zones and specific sites where the opportunistic soil sampling campaign 

was conducted 

Three hypotheses could explain the discrepancy presented in Fig. 9:  

1) The disposal of residues occurred before the time-window hypothesized (i.e., late 1980s and mid 

1990s), outside of what has been identified as a “probable” landfilled zone;  
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2) Roads and paths that can be seen in aerial photographs and maps from the 1970s, were built on or 

leveled with residue materials before the time-window hypothesized;  

3) The residue disposal was done in a larger area extending beyond the topographic depression. 

It is important to bear in mind that aerial photographs are a snapshot and as a result, they do not 

capture the spatial-temporal dynamics induced by anthropogenic or natural factors. Furthermore, 

seasonal variations of the extent of El Muña Reservoir are not captured in a single aerial photograph. 

Therefore, the blue areas presented in Figure 9 have the uncertainties resulting from the limitations 

derived from the use of aerial photographs.  

During the participatory workshops local residents explained that when residue materials were 

disposed, some inhabitants moved the materials to their dwellings, to level the floors and/or for 

building the foundations of their homes. Although the link between the asbestos-cement facility and 

the deposits observed in Sibaté has not yet been established, it is important to comment that the 

situation in Sibaté shows strong similarities with what has been observed in Casale-Monferrato (Italy) 

and Australia, where asbestos production residues (i.e., polverino - dust) were disposed in public 

spaces and private properties [52] [53] [54]. Hence, asbestos-contaminated sites could also be 

present outside of what has been preliminary identified as landfilled zones. This further confirms the 

importance to adopt a participative research methodology and the effectiveness of engaging the 

Sibaté residents to foster a bidirectional transfer of information concerning the local context to 

support scientific studies. Furthermore, in order to reduce biases in the correct understanding and 

use of scientific terms by the Sibaté inhabitants, as in the case of “landfilled zones” and  “disposal 

zones”, it is critical to establish a preliminary informative dialogue between researchers and 

residents involved to increase their environmental and asbestos literacy, allowing the acquisition of a 

common language to facilitate the exchange of information during the participatory workshops. 

The total asbestos ban approved in Colombia in June 2019 [55] does not solve the negative legacy 

that resulted from the extensive use of asbestos in the country for nearly 80 years. Sibaté is an 

emblematic case that could contribute in solving the challenges that Colombia will face in the coming 

decades. The global elimination of asbestos-related diseases, which several international 

organizations are calling for, requires a systematic identification of both contextual sources of 

asbestos exposure and its health related impacts. In this sense, Sibaté can be a pilot case, in the 

noble sense of the term, for identifying and managing extremely poorly documented contamination 

processes.  

This research raises new questions that need answers: Where did the asbestos-contaminated 

residues come from? What asbestos exposure sources and pathways may have been created during 

the construction of the landfilled zones? What members of the population experienced the highest 

risk of exposure? Which are the exact boundaries of the landfilled zones? Are non-invasive soil 

characterization tools an option to determine the boundaries of the landfills and the underground 

friable asbestos layer? Are there additional asbestos contaminated areas in Sibaté outside landfilled 

zones? Are residents of Sibaté still experiencing asbestos exposure, and if the answer is yes, which 

are the sources? How to improve asbestos and environmental health literacy among Sibaté residents 

for reducing their potential asbestos exposure? Answering these questions may aid in the design of 

risk management strategies for Sibaté, including a tailored communication plan. 

Conclusion 

This article proposes a combination of different techniques and multiple information sources to 

improve our understanding of the asbestos contaminated areas in Sibaté, especially those that were 
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created in zones that were previously inundated. In this study the location of these contaminated 

zones is refined, and the timeline of the events that lead to the creation of these zones is presented. 

Because a friable asbestos layer was previously discovered in Sibaté, the proposed methodology does 

not include invasive techniques that could potentially disrupt the asbestos layer, dispersing the 

fibers. 

The combination of cartographic and aero-photographic data with the spatial knowledge of 

inhabitants of Sibaté were used to determine that residue materials were deposited in two wetlands 

and subsequently leveled. It was also reported that in some occasions residues were transferred by 

inhabitants of Sibaté from the original disposal areas to private dwellings, which means that the 

location of asbestos and other pollutants could be more diffuse in the urban area of Sibaté than it 

was originally thought. Furthermore, the chronology of events shows that the southern inundated 

zone was filled before the western inundated zone. Analyzing aerial photographs from different 

moments in time, it is estimated that the largest operations of disposal of residues in inundated 

zones may have occurred for a period ranging between 10 to 15 years, ending in the second half of 

the 1990s. It is possible that additional residue disposal events occurred in other years, since some 

residents of Sibaté estimate that these activities lasted approximately 25 years, ending at the 

beginning of the 1990s. Evidence of the existence of the friable asbestos layer at new locations 

within the urban area of Sibaté highlights the importance of elaborating and implementing a risk 

management plan to prevent future exposures of the general population to this hazardous material. 

The use of additional non-invasive methods to improve our understanding of the location of both the 

landfilled zones and the friable asbestos layer is strongly recommended. 

Anecdotally, one of the main questions that motivated the current study was "where are the 

landfilled zones?” From the work of the engineer and historian Miguel Triana, Sibaté means, in 

Muisca language, “derrame de la laguna”, which could be translated as “the overflow of the lagoon” 

[15]. 

Hence, where are the landfilled zones? Literarily, they are in Sibaté. 
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