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Abstract

Inhabitants of Sibaté (Colombia) report that between approximately 1975 and 1985
asbestos-containing materials (ACM) were dumped at different locations in the urban area
of the municipality. Starting in around 1986, the dumping of materials resulted in landfilled
zones, on top of which different facilities were then constructed. In a previous study, an
underground friable asbestos layer was discovered in these landfilled zones. However,
potential exposure to asbestos on the surface of landfilled zones in Sibaté has not been
determined. In the current study, the U.S. EPA Activity-Based Sampling (ABS)
methodology was adapted and applied in three scenarios located on potential landfilled
areas in Sibaté, to estimate the current risk of exposure to asbestos through inhalation,
and the resulting excess lifetime cancer risk (ELCR). For this purpose, generic ABSin a
football stadium, and specific ABS in both a public playground and a school courtyard
were conducted. Personal, area and blank samples were collected and analyzed using
phase contrast microscopy (PCM) and transmission electron microscopy (TEM) following
NIOSH 7400 and 1SO 13794 methods, respectively. Exposure point concentrations were
determined and compared against the action level for asbestos in air (ALAA), and were
also used to calculate the ELCR of each scenario.
A total of 25 airborne asbestos samples were collected, and 22 of these (12 personal
samples, 7 area samples and 3 blank samples) were analyzed using PCM. Eighteen of
these samples (12 personal, 3 area samples and 3 blank samples) were analyzed using
TEM. The total asbestos structures concentration of personal samples ranged from non-
detected to 0.326 S/cc (i.e., total asbestos structures counts ranged from 0 to 12). All
samples had PCM-Equivalent asbestos structures concentrations below analytical
sensitivity. Of the 22 samples analyzed, 18 were overloaded with particles.
Although chrysotile and actinolite'were identified in some personal samples, suggesting a
potential risk of asbestos exposure, the ELCR was at U.S. EPA acceptable risk levels.
Since the ABS methodology was applied in a limited number of scenarios and a small
number of samples were collected, these results should be interpreted with caution and
additional sampling campaigns are required to fully understand the risk of asbestos
exposure in Sibaté. Methodological and analytical challenges encountered in the current
study are discussed in detail, which could inform future ABS studies, not only in Sibaté, but
also in otherareas with asbestos-contaminated soils.
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Introduction

Asbestos refers to several naturally-occurring fibers that are classified into two
families: Amphiboles (amosite, crocidolite, tremolite, actinolite and anthophyllite) and
Serpentines (chrysotile) (ATSDR, 2001; IARC, 2012). All types of asbestos, including
chrysotile, have been classified by the International Agency for Research on Cancer
(IARC) as carcinogenic to humans (Group | carcinogens) (IARC, 2012; WHO, 2014).
Asbestos exposure causes malignant mesothelioma; cancer of the lungs, larynx and
ovaries; and non-carcinogenic diseases including asbestosis (IARC, 2012; WHO, 2014).
From a human health perspective, inhalation is the most prevalent route of exposure to
asbestos (ATSDR, 2001; WHO, 2014).

A person may be exposed to asbestos in different scenarios.(Goldberg & Luce,
2009), including occupational, environmental or household settings (Goldberg & Luce,
2009; WHO, 2014). The highest asbestos exposures occur in occupational settings
(Goldberg & Luce, 2009; Mensi, Riboldi, De Matteis, Bertazzi, & Consonni, 2015; WHO,
2014), which, to date, is the exposure scenario that has been studied in most detail
worldwide and comprises the largest number of malignant mesothelioma cases reported
(Mensi et al., 2015). However, non-occupational asbestos exposures can result in the
development of asbestos-related diseases (Goldberg & Luce, 2009). Previous studies
have shown that non-occupational asbestos exposures resulting from the operation of
asbestos cement facilities can have adverse health consequences for the general
population, and this has been observed in different parts of the world, including Casale
Monferrato (Magnani et al., 2001; Magnani et al., 1995) and Bari (Musti, Pollice, Cavone,
Dragonieri, & Bilancia, 2009) in Italy;; and Amagasaki in Japan (Kumagai & Kurumatani,
2009; Kurumatani & Kumagai, 2008).

In Colombia, asbestos exposure concentrations and health risks have been
previously studied in occupational settings, specifically for automotive mechanics (Cely-
Garcia, Curriero, Giraldo, et al., 2016; Cely-Garcia, Curriero, Sanchez-Silva, et al., 2016;
Cely-Garcia, Sanchez, Breysse, & Ramos-Bonilla, 2012; Cely-Garcia et al., 2014; Salazar,
Cely-Garcia, Breysse, & Ramos-Bonilla, 2014). Only one study has been carried out in
Colombia addressing the consequences of asbestos use and health effects at population
level (Ramos-Bonilla et al., 2019). The study was conducted in the municipality of Sibaté
and establishes the framework for the current study.

In 1942, an asbestos-cement facility began operations in Sibaté (Eternit, 2019). At
the time, Sibaté was part of a larger municipality called Soacha, and it became a separate
municipality in 1967 (Alcaldia, 2018). Sibaté is located 25 kilometers southwest of Bogot4,
the capital of Colombia. Adjacent to the urban area of Sibaté is EI Mufia Reservoir
(Alcaldia, 2018), which receives untreated waters from the heavily polluted Bogota river. In
2018, the estimated population of Sibaté was 40,535 (DANE, 2019). Figure 1 shows the
location of Sibaté, Soacha, some southern-most neighborhoods of Bogota, El Mufia
Reservoir, and the asbestos-cement facility. Sibaté inhabitants have been claiming in the
national media (television and print media) that a large number of people from the



municipality are being diagnosed with asbestos-related diseases (Ramos-Bonilla et al.,
2019). In January 2015, for the first time, a study was started to investigate the public
health situation in Sibaté (Ramos-Bonilla et al., 2019). This initial study collected
preliminary information on the health and socio-economic situation of Sibaté, applying 355
household surveys. The surveys, completed between June 2015 and June 2016, were
aimed at identifying the possible cases of patients diagnosed with asbestos-related
diseases (especially mesothelioma), and potential sources of asbestos exposure (Ramos-
Bonilla et al., 2019). Respondents reported the presence of landfilled zones that were filled
with asbestos-containing materials (ACM) in the urban area of Sibaté. On April 28" 2018,
a participatory workshop was held to reconstruct the history of the landfilled zones based
on the collective memory of a group of Sibaté inhabitants. The information provided by the
workshop participants (n=11) suggested that some areas in Sibaté were used to.dump
asbestos-containing materials from the mid 70s to the mid 80s. Also, they reported that
after approximately 1986, this material was used to level the ground of landfilled zones, on
top of which the municipality constructed different facilities including two football fields (a
stadium and a football field with athletic track), a bull-fighting.ring and part of a public
school (Ramos-Bonilla et al., 2019). Universidad de Los Andes Ethics Committee
approved the survey and the workshop, and the informed consent form that was signed by
all participants. Ethical issues, including study participants’ anonymity, were addressed,
and measures to minimize risks related to a person’s participation in the study (e.g.,
psychological distress) were taken. Moreover; attention was paid to the communication of
the study procedures and risk to the exposed community in line with the “do no harm”
principle.
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Figure 1. Location of Sibaté, El Mufia Reservoir, the asbestos cement plant, Soacha, and
some southern neighborhoods of Bogota.

Complementing the information obtained from Sibaté’s inhabitants, potential
landfilled zones.in Sibaté’s urban area were identified using geographic information
systems (GIS) thatintegrated topographic maps, satellite images and a digital elevation
model (Ramos-Bonilla et al., 2019). The results from the GIS were merged with the results
of the participatory workshop to determine the location of “probable” and “possible”
landfilled areas (Ramos-Bonilla et al., 2019). It is more likely that asbestos will be found in
“probable” landfilled zones (2.8 Ha) as they are located in areas that were previously
covered by the waters of El Mufia Reservoir but have since been replaced with other types
of land use (e.qg., sports facilities) (Ramos-Bonilla et al., 2019). It is more uncertain that
asbestos will be found in “possible” landfilled zones (23 Ha) because these were mostly
identified by the presence of topographic depressions (Ramos-Bonilla et al., 2019). In
order to confirm the presence of asbestos material in potential landfilled zones, soil
samples were collected at four sites (1- outside the stadium, 2- inside the public school, 3-
on the football field with athletic track, and 4- outside the football field with athletic track)



(Ramos-Bonilla et al., 2019). Figure 2(a) shows the location of the “probable” and
“possible” landfilled areas and the four points where soil samples were collected. A layer of
friable asbestos was discovered in the soil samples collected outside the stadium, inside
the public school, and on the football field with an athletic track, at a depth ranging
between 35 and 110 cm (Ramos-Bonilla et al., 2019). The asbestos content of the friable
asbestos layer ranged from 5% to 10% chrysotile and 2% crocidolite. Non-friable ACM
were also found, with an asbestos concentration ranging from non-detected (ND) to 10%
chrysotile and 2% crocidolite (Ramos-Bonilla et al., 2019). Soil samples were also
collected, with an asbestos content ranging from ND to 2% chrysotile (Ramos-Bonilla et
al., 2019). It is important to mention that in the second semester of 2018, excavations to
replace underground pipelines were carried out in potential landfilled zones in the vicinity
of the areas that would be sampled in the context of the current study. Therefore; a
strategy was implemented to assess whether there could be a potential influence of the
excavations on the results of this study, as explained below in the Methods and Results
sections.

Because ashestos minerals present in soil can potentially become airborne, the
United States Environmental Protection Agency (U.S. EPA) developed a methodology
called Activity-Based Sampling (ABS), which can be used to quantify asbestos
concentration on the surface of areas with soil contaminated with man-made and/or
naturally-occurring asbestos (NOA) (EPA, 2019). ABS consists of collecting airborne
asbestos personal samples at surface level'during the disturbance of soil in asbestos-
contaminated areas (EPA, 2007, 2008). There are two types of ABS, generic ABS and
specific ABS (EPA, 2007, 2008). Generic ABS instructs for the soil to be disturbed in
marked-off areas using a rake, while specific ABS mimics activities that are conducted or
will be conducted on a specificarea (e.g., running, gardening, a child playing on the
ground, among others) (EPA, 2007, 2008). Previous studies have applied ABS in areas
with asbestos-contaminated soils;.including Sumas Mountain, Washington (USA) (Wroble,
2010; Wroble, Frederick, Frame, & Vallero, 2017) and Libby, Montana (USA) (EPA, 2010a,
2010b; Ryan et al.; 2015). A study in Balangero (ltaly) simulated farming activities, but its
methodology is not classified as ABS because of the analytical methods used (Turci et al.,
2016).

Since the'current risk of asbestos exposure on landfilled zones in Sibaté has not
been determined, the aims of this study are to adapt and apply the U.S. EPA ABS
methodology in these zones of Sibaté to determine 1) the risk of exposure to asbestos
through inhalation at surface level and 2) the risk of developing lung cancer and
mesothelioma as a result of this potential exposure. The challenges of applying the U.S.
EPA ABS methodology are also discussed.

Methods

The sites selected for ABS application were identified using two main criteria: first,
the scenarios should be located on or nearby potential landfilled areas since they are more
likely to have a friable asbestos layer present (Ramos-Bonilla et al., 2019), and second,



areas should be used by vulnerable individuals, such as children. Thus, an area within the
stadium, a children's playground located near the stadium (both scenario locations are
close to Soil Sampling Site 1 - Figure 2), and a courtyard inside a public school (close to
Soil Sampling Site 2 - Figure 2) (Ramos-Bonilla et al., 2019) were selected. In both Soil
Sampling Sites 1 and 2, the presence of the friable asbestos layer had been confirmed
previously (Ramos-Bonilla et al., 2019). Figure 2(b) provides a detailed representation of
the areas where ABS campaigns were conducted.

The ABS campaigns were conducted during dry conditions, making sure that there
had been at least 3 days without rain before sampling. Since Sibaté does not have a
weather station, this was evaluated by asking Sibaté residents who collaborated with the
study whether precipitation events had occurred during the 3 days preceding the:/ABS
campaign.

The three ABS campaigns were conducted over 2 days by 3 researchers who wore
complete personal and respiratory protection equipment that included Tyvek suits with
shoe covers, gloves and Bullard hooded EVA Series Powered air-purifying respirators
(PAPR) with Bullard High-Efficiency Particulate Air (HEPA) Filter Cartridges (Bullard,
Cynthiana and Lexington, KY, U.S.). Each researcher also ware one or two personal
AIRCheck XR5000 air pumps (SKC, Eighty Four; PA, U.S.), connected with tubing to a 25
mm asbestos sampling cassette with a condueting extension cowl of 50 mm, which carried
a 25 mm mixed cellulose ester (MCE) filter with.a.pore size of 0.45 um (SKC Preloaded
Cassette, SKC). The sampling cassette was located in the respiratory zone of each
researcher. Personal samples were collected at a flow rate of ~2.0 or ~2.9 liters per minute
(LPM), calibrated on site at the beginning and end of each sampling window with a
Defender 520 Mesal abs Flow Calibrator (MesalLabs, Lakewood, CO, U.S.). Temperature
and relative humidity were recorded each minute during sampling campaigns using a
HOBO U10-003 Temperature Relative Humidity Data Logger (ONSET, Bourne, MA, U.S.).
One or 2 area samples per scenario were collected at ~2.0 or ~2.9 LPM following the
previously described procedures, using sampling tripods to place the sampling cassettes
at a respiratory height of 1:5 m. One blank sample was also analyzed for each scenario.
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Figure 2(a) shows the location of the “probable” and “possible” landfilled areas and the soil sampling sites covered by the
research team. Figure 2(b) shows in detail the ABS scenarios evaluated close to Soil Sampling Sites 1 and 2.



All disposable elements used during sampling campaigns were moistened with a
mixture of soap and water and packed into a hazardous materials bag, which was properly
labeled and disposed of by the Solid Waste Laboratory at Universidad de Los Andes.

On November 23" 2018, the first ABS campaign was conducted at the stadium,
following Generic ABS procedure, where 3 square surface areas of 9 m?, located side by
side and separated 2 m from each other, were sampled. The 3 areas were located behind
one of the goals on the football field so as to be as far away as possible from the
excavations that had been conducted to replace pipelines, while still remaining within the
stadium. The 3 areas also had a 40 m buffer distance to the nearest house. In-each
square area sampled, the soil on the surface was disturbed vigorously using a 58 cm-wide
leaf rake following the method of disturbance proposed by the U.S. EPA(EPA, 2007,
2008). The plan was to sample 3 areas, collecting one personal sample at each square
sampled. Each researcher wore one personal sampler at ~2.9 LPM.and the campaign was
planned to last ~3 hours to reach a target volume of 560 Liters (L), which would result in a
sensitivity limit of 0.001 structures per cubic centimeter (S/cg), following the
recommendations of the U.S. EPA guidelines for ABS (EPA, 2007). When one of the
personal pumps failed, the decision was to continue sampling. on the remaining two square
areas, which allowed one researcher to take over from the other two in the sampling task.
This procedure is described in the U.S. EPA ABS guidelines (EPA, 2007, 2008). A
perimeter air area sample was also collected.at ~2.9 LPM during a time window of ~3
hours.

The second ABS campaign was conducted on December 11, 2018, following the
procedures for Specific ABS, simulating a “child playing in the dirt” (EPA, 2007; 2008) at a
playground near the stadium andin a courtyard located within the public school. For this,
two researchers used a new set of children’s shovels and buckets in each location to avoid
cross contamination. ABS campaigns were conducted over two hours at different points
within each location. All the surface area of the playground was covered with sand, while
the surface area of the courtyard at the school was covered mostly with grass with some
patches of exposed soil. The latter ABS was conducted on patches of exposed soil. In
both scenarios, the researchers wore the personal samplers at their respiratory zone, but
the activities ' were conducted sitting on the ground to simulate the height of a child. Since
overloading was an issue during the Generic ABS conducted at the stadium (i.e., the
results from the phase contrast microscopy-PCM of the first ABS were available before the
second ABS campaign), a new sampling strategy was applied: in both ABS-specific
scenarios, only two researchers wore the samplers and the third researcher periodically
changed the sampling cassettes and conducted flow calibration of the pumps, kept activity
diaries, and aided the overall ABS process. Each researcher wore two samplers operating
simultaneously, one running at ~2 LPM and the other running at ~2.9 LPM. Sampling time
ranged between 1 and 2 hours. Two perimeter area samples were collected at both
locations at a flow rate of ~2.9 LPM over 1 or 2 hours.
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All air samples (area, personal and blank filters) were analyzed by Forensic
Analytical Laboratories (Hayward, CA, U.S.)—a laboratory accredited by the National
Voluntary Laboratory Accreditation Program (NVLAP)—using PCM following the National
Institute for Occupational Safety and Health method 7400 (NIOSH 7400) (NIOSH, 1994).
The original plan was to analyze the samples following the International Organization for
Standardization (1SO) Direct Method ISO 10312 (ISO, 1995). However, PCM results
showed that all but 4 samples (1 area sample and the 3 blank samples) were overloaded,
and because of this, ISO 10312 could not be applied. Thus, all personal and blank
samples, and some area samples (i.e., those with the largest number of fibers identified by
PCM and the only sample that was not overloaded) were analyzed following the indirect
method 1SO 13794 (1SO, 1999) using a Philips CM12 Transmission Electron Microscope
(FEI Corp, Hillsboro OR, U.S.), which identifies the concentration of asbestos structures
per cubic centimeter (S/cc) using transmission electronic microscopy {(TEM). This protocol
counts all structures containing asbestos fibers longer than 0.5 ym.and that have aspect
ratios greater than 3:1 at an accelerating voltage of 100 keV and a magnification of
x18,500, to achieve precise measurements that confirm the dimensions of asbestos
structures close to the method limits. Energy Dispersive X-ray analysis (EDXA; NORAN
System 7, Thermo Fisher Scientific, Madison, WI, U.S.) was used for elemental
composition analysis. Qualitative Selected Area Electron Diffraction (SAED) was used to
observe the crystal structure of individual fibers. In all samples analyzed by TEM, 289 mm?
of the filter area was ashed (total filter area=385 mm?), the resuspension volume was 45
ml, the volume filtered was 34 ml, the re-filtration.area was 190 mm?, the grid opening
(GO) area was 0.0090 or 0.0091 mm?, and the number of GOs analyzed was 10.

Personal PCM-equivalent asbestos structures reported per scenario were used as
the exposure point concentration.(EPC) for each scenario i (EPA, 2008), because this
concentration type quantitatively evaluates the potential asbestos health risks (EPA, 2007,
2008; Wroble, 2010). When more than one PCM-Equivalent asbestos concentration was
obtained, the time-weighted average was estimated and used as the EPC,. For those
cases in which the PCM=equivalent asbestos concentration was below the limit of
detection, 0 S/cc 'had to be used for calculation purposes (EPA, 2008). EPC; was
compared against the Action Level for Asbestos in Air (ALAA)) per scenario. ALAA; was
calculated using Equation 1 (EPA, 2008).

ALAA, = (Target risk level ) / ( TWF; * IUR1; ) Equation 1 (EPA, 2008)

Where the target risk recommended by the U.S. EPA for Baseline Residential
Asbestos exposure is 1x10™ (EPA, 2008), the TWF; is the scenario-specific time weighting
factor that determines the duration and frequency of the exposure per year, and the IUR, 1
is the less-than-lifetime scenario-inhalation unit risk, which is the inhalation value
determined by the U.S. EPA that depends on the age at first exposure and the number of
years of exposure (EPA, 2008). TWF; and IUR,1; are calculated depending on the
activities conducted in each scenario, the age of the population that could be exposed in
each scenario, and the “Extrapolated Unit Risk Values for Continuous and Less-Than-
Lifetime Exposures” reported by the U.S. EPA in the ABS method guidelines (EPA, 2008).
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Scenario-Excess Lifetime Cancer Risk (ELCR;) was calculated using the EPC;
calculated and the TWF; and the IUR_1; assumed for each scenario, using Equation 2
(EPA, 2008).

ELCR; = EPC; * TWF; * IUR 1y Equation 2 (EPA, 2008)

Superficial soil samples were also collected in the patches without grass in the
courtyard at the school where the specific ABS was conducted. Superficial soil samples
were analyzed by Forensic Analytical Laboratories, following U.S. EPA Method 40.CFR,
Part 763, Appendix E to Subpart E, and the U.S. EPA 600/R-93-116 method, Visual Area
Estimation, using Polarized Light Microscopy (PLM) (EPA, 1993).

As previously mentioned, before and at the time of the ABS.campaigns (second
semester of 2018), the municipality undertook major soil excavations to replace
underground pipelines, and some of these excavations were.carried out on streets located
on “probable” and “possible” landfilled zones. Thus, a strategy was implemented to
understand the potential impact of the excavations on the results of the ABS campaigns
conducted in November and December 2018. On October 19" 2018, 4 soil samples were
collected at different depths from the slopes of 4 of the excavation holes that had been
opened on the streets that surround the football stadium. The 4 soil samples were
analyzed using PLM following the U.S. EPA Method 40CFR, Part 763, Appendix E to
Subpart E and U.S. EPA 600/R-93-116, Visual Area Estimation (EPA, 1993), by Forensic
Analytical Laboratories. On October 25".2018, when the holes were still open but
excavation activities had ceased, 4 24-hr air asbestos samples were collected from nearby
the football stadium to determine airborne asbestos concentrations. Air samples were
analyzed by Forensic Analytical Laboratories using PCM following NIOSH method 7400
(NIOSH, 1994) and TEM following the AHERA method (EPA, 1987).

Results

Three ABS campaigns were conducted in Sibaté, very close to 2 of the locations
where soil samples confirmed the presence of a friable asbestos layer (outside the
stadium and'inside the public school) (Ramos-Bonilla et al., 2019). Table 1 presents the
sampling characteristics and conditions of each scenario evaluated.

Table 1. Sampling characteristics and conditions per scenario evaluated.

Total Area Te?ng;g;e Range of Relative
Type of ABS Scenario sampling sampled °mp . Humidity during
p 2 during sampling ;
time (hr) (m?) C)? sampling (%)
Generic Stadium ~3.5 ~18' 23.5-39.1 27.7-70.9
Playground ~2.5 ~182 17.4-26.5 36.8-62.3
Specific Courtyard
at the ~2.5 ~77 23.7-40.0 16.2 - 44.3
school

1. Only 2 of the 3 planned 9 m” areas could be sampled.
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2. This temperature range is abnormally high considering the geographical location of Sibaté, and could be the result of the
instrument receiving direct solar radiation.

In the 3 ABS campaigns, a total of 25 airborne samples were collected (15 personal, 7
area and 3 blank samples). All samples, apart from 3 personal samples, were analyzed by
PCM following the NIOSH 7400 method (NIOSH, 1994) (1 sample from the stadium was
discarded in the field, “Generic Stadium P1,” and 2 samples collected at the school,
“Specific CY P1” and “Specific CY P2,” were not suitable for analysis because the filter
was wet or covered with an unknown substance, according to the laboratory report). From
the remaining 22 samples, a total of 18 samples were analyzed by TEM following the ISO
13794 method (ISO, 1999) (12 personal samples, 3 area samples and 3 blank samples).
The 4 area samples that were not analyzed by TEM had 0 fibers (n=3) or 0.5 fibers (n=1)
based on PCM results. Table 2 shows the PCM and TEM results of airberne samples
collected. All PCM concentrations were below the limit of detection (LOD) and the number
of fibers counted ranged from O to 4. From the 18 samples analyzed by TEM, it was found
that no structures were detected in 8 samples (including the 3 blanks), 1 had both
chrysotile and actinolite structures, and the other 9 had chrysotile structures. There were 4
personal samples that had 0 total asbestos structures counted with a total asbestos
concentration reported as ND (“Specific PG P2,” “Specific PG P3,” “Specific PG P4” and
“Specific PG P6”), and in the other personal samples; from 1 to 12 total asbestos
structures were counted, with total asbestos structures concentrations ranging from 0.006
to 0.326 S/cc. In all samples, 0 PCM-Equivalent asbestos structures were counted and
PCM-equivalent asbestos structures concentration. was below analytical sensitivity. Thus,
for EPC; calculations, 0 S/cc was used as the concentration of personal samples (EPA,
2008).
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Table 2. PCM and TEM results of air samples collected during generic and specific ABS.

. PCM TEM
T)A%esof Scenario Sample Satrinn?gng Volume . LOD Concentration Analyt_ic_al # asbestos structures counted Asbestos structures concentration Asbestos
(min) WL Fibers Flee (flcc) sensitivity Slcc type
(Sicce) Total >5pmlength PCM<Eq  Total >5umlength PCM-Eq  detected
Generic Stadium P1* -a - -
Generic Stadium P2*? 193 575.9 1.0  0.005 <0.005 0.006"® 6 0 0 0.034 <0.006 <0.006 CH
Generic  Stadium Generic Stadium P3? 199 577.9 3.0 0.005 <0.005 0.006 1 0 0 0.006 <0.006 <0.006 CH
Generic Stadium A1? 219 635.8 0.0  0.004 <0.004
Generic Stadium B® 0.0 0.0 - - N/A® 0 0 0 N/A N/A N/A ND
Specific PG P12 120 243.6 1.0 0.011 <0.011 0.015° 6 0 0 0.092 <0.015 <0.015 CH
Specific PG P2? 120 351.4 0.0  0.008 <0.008 0.010 0 0 0 <0.010 <0.010 <0.010 ND
Specific PG P3? 61 129.1 1.0  0.021 <0.021 0.029° 0 0 0 <0.029 <0.029 <0.029 ND
Specific PG P4 67 192.4 15 0.014 <0.014 0.019 0 0 0 <0.019 <0.019 <0.019 ND
Specific PG P5** 61 91.5 15  0.029 <0.029 0.040 2 0 0 0.081 <0.040 <0.040 CH, AC
Playground Specific PG P6** 61 143.2 1.0  0.019 <0.019 0.026° 0 0 0 <0.026 <0.026 <0.026 ND
Specific PG A1*® 120 347.4 3.0 0.008 <0.008 0.011 1 0 0 0.011 <0.011 <0.011 CH
Specific PG A2? 60 172.6 0.0 0.016 </0.016
Specific PG A3** 60 174.1 15  0.015 <0.015 0.021 4 0 0 0.085 <0.021 <0.021 CH
Specific PG B 0.0 0.0 N/A® 0 0 0 N/A N/A N/A ND
Specific
Specific CY P1° 120 260.6
Specific CY P2*° 120 249.0
Specific CY P3? 60 124.5 0.5 0.022 <0.022 0.030° 10 0 0 0.299 <0.030 <0.030 CH
Specific CY P4° 60 169.0 40 0.016 <0.016 0.022 5 0 0 0.109 <0.022 <0.022 CH
Courtyard Specific CY P5>* 60 135.8 0.0> 0.020 <0.020 0.027 12 0 0 0.326 <0.027 <0.027 CH
_32.}23 Specific CY P6** 60 90.4 15  0.030 <0.030 0.041° 3 0 0 0.124 <0.041 <0.041 CH
Specific CY A1** 123 262.9 0.0 0.010 <0.010
Specific CY A2 60 173.6 05 0.016 <0.016 0.021° 0 0 0 <0.021 <0.021 <0.021 ND
Specific CY A3** 59 138.4 0.5 0.019 <0.019
Specific CY B 0.0 0.0 N/A® 0 0 0 N/A N/A N/A ND

CH: Chrysotile, AC: Actinolite, ND: Non Detected, N/A: Not Applicable

1. Pump stopped working during sampling campaign and the sample was discarded.
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2. Filter loaded with particulate, which may affect analytical result.

3. Apparently the sample labels were switched. This was corrected based on the analytical results.

4. Sample is reported but should not be considered because of flow drift >5 %.

5. Final flow rate of the sampling window was measured but by mistake it was not recorded. Flow rate in the same pump was measured later on the same day for another sample, and this flow rate was used as the final flow rate of
this sample.

6. Not suitable for analysis. Wet filter/coated with unknown substance.

7. For the laboratory analysis of all but this sample, the volume filtered was 34 ml. For this specific sample the volume filtered was 39 ml.

8. Grid Opening area of these filters was 0.0090 mm?. For all other samples, the grid opening area of the filter was 0.0091 mm?,
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Table 3 shows the EPC; calculated for each scenario, the assumptions made for TWF; and
I[UR_ 1. estimations, and the ALAA,; and ELCR,; calculated. For all scenarios, the PCM-
equivalent EPC; was below the ALAA;, and the excess lifetime cancer risk was at U.S. EPA
acceptable risk levels.

Table 3. Action Level for Asbestos in Air (ALAA)) and Excess Lifetime Cancer Risk (ELCR))
estimated per scenario.

TWF, | IURL
Type of Scenario Assumptions EPC; Age at Expo IUR? ALAA? ELCR
ABS Hours /day Days/year TWF firstexpo  duration tecy:
yio)  (years)
Young people play football for 2
hours per week, per year. Based on
exposure scenario
Generic Stadium "Running/Walking" proposed by the 0 2 52 0.012 20 24 0.068 0.124 0
U.S. EPA (2008) (EPA, 2008), the
age of first exposure is 20 y/o and
the duration of exposure is 24 years.
Children play at the park for one
hour per day, three times per week.
Playground 301 d‘r’en St;’n olaying Withpsan Shom O 1 156 0.018 1 10 0.081  0.069 0
around 1 y/o until their 10™ birthday.
Specific Children have 1 one-hour break per
day, during the 200 school days per
Courtyard at  year for Colombian public schools 0 1 200 0.023 5 5 0.039 0.112 0

the School (MinEducacion, 2019). Children from

5 to 10 y/o may play at the area
sampled.

TWEF;: Time weighting factor per scenario i; IUR. 1 Inhalation Unit Risk for the age at first exposure and exposure duration
(i.e., less-than-lifetime) per scenario i; EPC;: Exposure point concentration per scenario i; ALAA;: Action level for asbestos in
air per scenario i; ELCR;: Excess lifetime cancer risk for less than lifetime per scenario i.

1. Values reported by EPA (2008) in Table “Extrapolated Unit Risk Values for Continuous and Less-Than-Lifetime Exposures
(PCM ficc)” (EPA, 2008).

2. ALAA calculated using the U.S. EPA recommended target risk E-4 baseline residential action level for asbestos of 1x10™.

All superficial soil samplescollected from the patches with no grass at the school
courtyard were reported as ND by the laboratory.

Regarding the potential effect of the excavations made by the municipality on the
results of the ABS campaign, the 4 soil samples collected directly from the slopes of the
excavated holes confirmed the presence of a friable asbestos layer in 3 samples (i.e.,
chrysotile concentrations of 10% and crocidolite concentrations ranging between 2% and
5%). The fourth sample was reported by the laboratory as “dark brown soil” with a
chrysotile asbestos content of 2%. Therefore, it is certain that the excavations disturbed
the asbestos layer. However, the 4 24-hr air samples collected in the area of the
excavations had PCM concentrations which were below the LOD, and the TEM
concentrations following the AHERA method were below analytical sensitivity.

Discussion

Total asbestos structures were found in 8 personal samples for all the scenarios
evaluated (7 samples had chrysotile, and 1 sample -“Specific PG P5” - had both chrysotile
and actinolite) and in 2 area samples. All ABS results were below the estimated ALAA; and
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the ELCR; was at U.S. EPA acceptable risk levels, because the PCM-Equivalent asbestos
structures concentrations found for all scenarios evaluated were below analytical
sensitivity. However, these results should be interpreted with caution. Because of the small
number of scenarios studied and samples collected, the results cannot be generalized to
all the scenarios, situations and activities that may be present in landfilled zones in Sibaté.
Thus, from these preliminary results it should not be concluded that there is currently no
risk of asbestos exposure related to landfilled zones. Moreover, since the users of the
facilities sampled are children and young adults, these results warrant additional analysis
of the risk of asbestos exposure on the surface of landfilled zones. Until a more
comprehensive estimate of the risks of asbestos exposure in landfilled zones is reached,
extreme caution and risk management procedures should be implemented for all‘activities
conducted on potential landfilled zones in Sibaté.

Previous studies applying ABS report a large number of samples collected and
PCM-Equivalent asbestos concentrations ranging between 0 and 10.45 S/cc, which are
higher than those found in this study (bearing in mind the differences in the activities
conducted and the analytical methods used) (Ryan et al.,2015; Wroble, 2010; Wroble et
al., 2017). Another ABS conducted in public schools in. Libby, Montana (U.S.), found total
asbestos counts and concentrations below the results found in this study. Of the 60
samples collected, 5 had 1 total asbestos structures counted, and for these 5 samples,
total asbestos concentrations ranged between.0.0022 and 0.039 S/cc. Furthermore, of
these 5 samples, 4 had 1 PCM-Equivalent asbestos structures counted, which resulted in
PCM-Equivalent asbestos concentrations ranging between 0.0022 and 0.039 S/cc (EPA,
2010b). In the current study, all PCM-Equivalent asbestos concentrations were below
analytical sensitivity.

Activity-based sampling is a valid methodology to determine whether there is a risk
of airborne ashestos exposure as.atresult of activities carried out in areas with asbestos-
contaminated soils (EPA, 2007, 2008). Nevertheless, it is important to share some of the
challenging circumstances and difficulties that were encountered during this study. It is
recognized that ABS can be time and work-intensive (Wroble et al., 2017), especially for
small sampling teams. This was the case for the ABS campaigns conducted during this
study. Since ' ABS procedures allow sampling devices to be switched between personnel
involved in sampling, it is highly recommended to have a large enough group of trained
personnel to reduce the duration of ABS activities for each person conducting the
sampling.

As suggested in the ABS guidelines, an important consideration is the targeted
analytical sensitivity (EPA, 2007; 2008). The desired analytical sensitivity can be reached
with a combination of sampling flow rates and time, which determine the number of grid
openings on the filter in which fiber counting is conducted. The number of grid openings
drastically increases the costs of analysis per sample. Moreover, high flow rates may
damage the filters (EPA, 2007) and, depending on the characteristics of the scenarios
sampled, may also increase the risk of overloading. In this study, the pumps and filters
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used (pore size 0.45 um) did not allow an increase in the flow rate above 3 LPM, so the
sampling time required to reach the minimum risk assessment sensitivity limit of 0.001
S/cc for ABS samples (EPA, 2007) had to be a minimum of 3 hours. This is strenuous for a
small sampling team, considering the cumbersome protective devices that have to be
worn, the heat experienced due to the direct solar radiation at this topographic elevation,
and the activities that were simulated.

In the first scenario studied —the stadium— a generic ABS was applied. The
analysis of the filters showed that all samples but the blank were overloaded. For the two
specific ABSs, the sampling time was reduced to 1 or 2 hours to avoid overloading, and
each researcher wore 2 samplers at different flow rates, in an attempt to reduce the
chances of having to discharge samples because of overloading (1.sample was collected
at ~2.0 LPM and the other at ~2.9 LPM). However, all samples but 1 area sample and the
blanks were overloaded, and because of the length of sampling time, the recommended
analytical sensitivity limit was not reached. Overloading not only introduced uncertainty
into the results, but also affected the flow rate of the pumps because of pressure drop,
which resulted in 8 samples with a flow drift above 5%.

TEM analysis can be carried out following different methods including AHERA, ISO
10312, ISO 13794, and NIOSH 7402, among others. The specific methods reported by the
ABS guidelines (i.e., ISO 10312 and ISO 13794) (EPA, 2007; 2008) require a balance
between the targeted analytical sensitivity and the particulate concentration found in the
filters based on PCM (ISO, 1995; 1999). Samples that have the target analytical sensitivity
based on the air volume collected and that are not overloaded (i.e., less than 10%
obscuration of the grid (ISO, 1995)), are suitable for TEM analysis using the direct method
ISO 10312 (IS0, 1995). In case of overloading and/or if the analytical sensitivity is not
reached, the indirect method ISO 13794 should be applied (EPA, 2007; 2008). Analytical
sensitivity for this method can be reached, increasing the number of grid openings, and
carrying out additional preparations of the filter, such as ashing the filter and filtering the
ashes dispersed in distilled water (1SO, 1999), which drastically increases the price of
analysis and waiting time for the results in comparison with the direct ISO 10312 method.
As a result, although in.the current study ABS samples were originally planned to meet the
direct ISO 10312 method’s requirements, overloading resulted in the use of the indirect
ISO.13794 method. On top of the additional costs, the indirect filter preparations needed
may disaggregate bundles and clusters into smaller and more numerous fibers (Breysse,
1991; EPA, 2010a). This disaggregation may result in fibers shorter than 5 um, which are
excluded from the estimation of PCM-Equivalent asbestos structures, and may also lead to
PCM-equivalent asbestos structures concentrations below the analytical sensitivity limit.
This could be the case for the samples analyzed in the current study, and this is an
additional reason why our results (i.e., ELCR; at U.S. EPA acceptable risk levels) should
be interpreted with caution.

Another factor to consider for ABS are discomfort factors such as heat and
sunlight, depending on weather conditions, combined with the PPE and sampling
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equipment required, which can make sampling activities exhausting. During sampling
campaigns it was found that sunlight and heat also affected the operation of the piston of
the flow calibrator. To solve this, calibrators were stored in a bag during sampling
campaigns and were used only under shaded conditions as recommended in the Defender
500 Series User Manual (MesaLabs, 2015).

The ABS results cannot be generalized to other scenarios because the airborne
asbestos exposures found in a specific area depend on both the asbestos soil content of
the area and the activities conducted on top of it (EPA, 2008). The U.S. EPA has identified
4 concerning exposure pathways: “asbestos in indoor dust,” “asbestos in soils-around a
home,” “asbestos in fill/soil in recreational areas of a community,” and “recreational
activities in areas where asbestos naturally occurs (native asbestos)”’ (EPA, 2008). For
Sibaté, all but the last potential pathway are possible as naturally-occurring ashestos has
not been identified in Sibaté. In a previous study, some inhabitants.of Sibatéreported that
they had used asbestos-containing materials disposed of in different areas of the
municipality to build the foundations of their houses or to level the floors inside their homes
(Ramos-Bonilla et al., 2019). Thus, cumulative exposure assessments, including indoor
scenarios, should be analyzed in the future.

In addition to the sampling and analytical issues discussed that might lead to an
underestimation of the PCM-Equivalent asbestos structures concentrations, it is important
to acknowledge other limitations of this study. First, sampling campaigns were only
conducted at a specific time of the year, and second, the number of samples collected per
scenario was small. Therefore, there could be an underestimation of the real risk of
asbestos exposure and excess lifetime cancer risk in the scenarios sampled.

The strategy of environmental monitoring in Sibaté should be further implemented
with the aim of completing the detection and mapping of asbestos-containing material,
both outdoors and indoors. The relative weight of circumstances of asbestos exposure for
the local population may have changed over time. At present, the major outdoor risk of
asbestos exposure seems:to be associated with excavation activities in areas with
asbestos-contaminated soils. Thus, precautionary strategies should be proposed and
adopted in order to avoid dust re-suspension and fiber volatilization in such areas. To
complete the preventive interventions for the eradication or reduction of the health risk in
Sibaté, activities focused on the identification and verification of past, current and future
sources of asbestos exposure should be integrated with the epidemiological surveillance
of asbestos-related diseases, especially mesothelioma, as a tracer of asbestos exposure
(Algranti et al., 2019).

As mentioned above, asbestos use in Colombia began in 1942, and because of
this, there is a concerning legacy of asbestos contamination in the country. Records from
the United States Geological Survey (USGS) Mineral Commodity Profile of Asbestos
(Virta, 2005) show that in Colombia, the apparent asbestos consumption (i.e., production
plus imports minus exports) was 6,836 metric tons in 1960, 15,000 metric tons in 1975,
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17,994 metric tons in 2000, and 13,118 in 2003. Using Legicomex, a database of trade
and commerce, our research group determined that the amount of raw asbestos
consumed (i.e., production plus imports minus exports) in Colombia between 2009 and
2016 ranged between 10,656 and 24,522 tons per year, with a total raw asbestos amount
of 145,035 tons used during this period (Ramos-Bonilla et al., 2019). This information is
important because besides the asbestos cement plant located in Sibaté, in 1944, 2
additional cement plants were opened in Barranquilla (Atlantico) and Cali (Valle del
Cauca) (Eternit, 2019), which are still in operation. There is also an active chrysotile
asbestos mine in Campamento, Antioquia and an active asbestos friction products plant in
Bogota. Manizales (Caldas) is another municipality where asbestos cement plants have
operated. Thus, the asbestos problem identified in Sibaté may be present in other
Colombian municipalities. Since risk estimates are a reliable and cost-effective way-of
estimating the effects of a source of exposure on population health (Savitz, 2016), this
experience may be useful for future ABS efforts in other scenarios.in Sibaté,-other cities in
Colombia, or other countries where asbestos-contaminated soils may be present.

Although the Colombian Congress recently banned asbestos use and production in the
country (July 2019), the history of more than 75 years_.of asbestos .consumption has
resulted in a negative legacy of asbestos products distributed across the country, which
represents a health risk for the population. The definition of the magnitude of the asbestos
problem, in terms of the collection or production of relevant information on local asbestos
use, its presence in the territory, and its health-related impacts, is one of the key points
identified by both the World Health Organization and the International Labour Organization
that is needed to develop national programs for the elimination of asbestos-related
diseases (ILO-WHO, 2007). In practical terms, this implies the identification of sources of
asbestos exposure, the analysis of potential asbestos exposure risks, and the
development of epidemiological surveillance for all Colombian sites, including Sibaté,
where asbestos-containing products have been manufactured, used and disposed of.

This study is an initial effort to adapt and apply the U.S. EPA ABS methodology in
Colombia. As was explained before, these preliminary results should not be interpreted as
an absolute absence of risk associated with landfilled zones in Sibaté, and additional
studies are requiredto acquire a more holistic understanding of the situation.
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