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Abstract
Urban growth generates negative externalities such as environmental impact. These impacts are
mainly associated with air quality, but the effect of prolonged exposure to noise is generating
health effects in Bogotá, manifested in sleep disturbances and psychological effects. In this sense,
the proximity of people to road axes that intensively transport merchandise constitutes an
important source of exposure.
For this purpose, Calle 13 was defined as the object of study, since it is the most important road
axis compared to the volume of trucks [1], where 28% of the city's cargo circulates. It was defined
that the way to measure the impact of noise emission was to obtain an indicator of compliance
with the maximum standards allowed for noise emission based on current national regulations. To
achieve this objective, secondary information was obtained from the measurements made on Calle
13, information taken from the Secretary of the Environment of Bogotá, for the period June 2019
to June 2021. The data was processed according to annexes 2 and 3 of the Resolution 0627 of 2006
of the Ministry of the Environment. 35,000 data were processed with statistical tools, and we
calculated the weighted equivalent continuous corrected sound pressure level value, where sound
pressure is in decibels (db). To describe the behavior of the noise emission in the road axis of Calle
13, through the development of control charts, cluster identification with matrix of hour-of-day
crossed with day of the week, we developed an Evaluation Indicator of compliance with Maximum
permissible standards for noise levels on the road axis of Calle 13 in Bogotá. Additionally, the
SNM maps (strategic noise maps) were analyzed to identify the impact ratio in 200 meters around
the road axis. It was concluded that the noise emission of Calle 13 does not meet the maximum
permissible limit and there are areas that, regardless of the time of measurement and the day of the
week, are exposed to noise emissions greater than 80 decibels, which is considered dangerous. It
is urgent to incorporate into public policies the possibility of intervening in traffic noise sources
and to measure this pollution systematically. Lastly, protection measures against this type of
contamination must be implemented, such as tree and bush belts along the road, engineering
actions such as gabions, berms and acoustic isolation, as well as improving the architectural
characteristics of the environment.
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1.
Introduction
Based on a United Nations-Habitat study, it is projected that by 2030, 60% of the world's
population will live in cities [2], requiring solutions to problems of transportation, food security
and health, among others. Therefore, making progress on the Sustainable Development Goal of
inclusive, safe, resilient and sustainable cities is a priority.
As a consequence of the Covid 19 pandemic, cities seek to identify recovery measures and advance
in sustainability goals, where environmental aspects are increasingly challenging. In this sense,
studies have focused on the environmental impacts derived from air resource pollution [3], focused
on air quality monitoring. The State of Global Air 2019 report (State of Global Air Quality) pointed
out that ¨air pollution was the fifth risk factor for mortality in 2017 worldwide [4].¨ Currently,
noise pollution is a major environmental risk and its impact on public health in cities is increasing
[5] as stated in the study ¨Frontiers 2022: emerging issues of environmental concern¨ which
concludes that high exposure to environmental noise affects human health and well-being.
Sounds are complex physical phenomena that originate from the vibration of a source that
propagates energy in a media, as an acoustic wave. Sounds occur continuously and are
everywhere. When sounds are unwanted, they become noise. If they are too loud and persist
excessively, they can become noise pollution.
The ¨Fronteras 2022¨ report gathers studies of impacts in different cities around the world,
including Bogota, and shows that in the capital of Colombia, noise levels caused by vehicular
traffic are above the 2018 World Health Organization (WHO) guidelines. The maximum
recommended noise for traffic and commercial areas should be 53 decibels (dB) in the daytime
and 45 at night. Above these levels, there is a high risk of suffering health consequences.
However, the information available for Bogota is in a range of 70 to 83 dB, comparable to the
levels generated from a vacuum cleaner (70 dB) to a lawn mower or a passing motorcycle (90 dB).
The data for the Colombian capital was provided by the study 'Environmental noise challenges
and policies in low- and middle-income countries' (2021), published in 'South Florida Journal of
Health'. The noise levels presented for Bogotá are in similar ranges to those recorded in Cairo (7788 dB); Abuja, Nigeria (73-84 dB); Ahvaz, Iran (69-84 dB); Jaipur, India (75-84 dB); Hong Kong
(69-89 dB); and Kuala Lumpur (75-85 dB).
The Barcelona Institute for Global Health (ISGlobal) indicates that more than 20% of the
population in Europe is exposed to noise levels above the permissible limits set by the World
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Health Organization [6] and generates sleep problems. One of the most significant sources of noise
emission is vehicular traffic on urban roads.
In studies based on strategic noise maps, [7] defined study polygons to determine the level of
exposure for adults and its correlation with medical pathologies associated with cardiovascular
problems [8] [9], sleep disturbance [10] and hearing impairment for 25 large cities in 25 European
countries. The conclusion is that there is an impact on health [11] and that it is necessary to monitor
this pollution in order to identify the effects of this phenomenon.
Other studies have associated prolonged exposure to vehicular traffic noise with health problems.
This study performed an analysis of epidemiological evidence and its relationship with
cardiovascular pathologies [12]. An inverse variance heterogeneity (I-Vhet) meta-analysis was
used to pool individual risk estimates together with heterogeneity assessment.
Researches evidence that exposure to traffic noise is a risk factor for the development of
cardiovascular and metabolic disorders, such as high blood pressure, arterial hypertension,
coronary heart disease and diabetes. [13].

Traffic noise presents difficulties in its analysis due to its temporality structure, which, added to
the variation of traffic flow, varies its perception by people [14].
The review article in Colombia, conducted by the National University in 2011, showed that
vehicular traffic noise generates noise pollution. This study was conducted in the Chapinero area
[15], measuring the level of noise pollution that is above the maximum permissible level, due to
the transport structure, infrastructure, land use and high rate of road use among others.
In studies on the city of Bogotá and its main freight transportation routes, noise pollution was
analyzed in places such as Carrera 30, Carrera 7 and Circunvalar Avenue. It was found that the
composition of the vehicle fleet and the variety of traffic on the road increase the measured noise
levels and the time slot was affected by these transport flows, especially heavy and light loads
[16].
According to figures from the Ministry of Transportation, published in the Colombian Logistics
Portal, during 2021, 123.6 million tons (dry cargo) were mobilized in 8.8 million trips. Bogota is
in the fourth place as the largest destination of dry cargo (11.6 million tons), being the country's
capital, the city that generates the largest flow of incoming cargo transportation [17].
As reported by Figure 1, the main access roads to the city, which represent about 83% of the
income to the capital, are: Autopista Norte, Autopista Sur, Calle 80 and Calle 13, the latter being
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the one that represents the largest volume of cargo with 24% of the total. According to the above,
Calle 13 becomes one (if not the main) of the most important corridors in the country, where it not
only represents the entrance of more than 11 million tons of dry load, but also the exit of more
than 6 million tons of load to the interior of Colombia. [17]
Figure No. 1. Vehicular volume of load per road axis.

Source: Logistics in Bogota-region. Transport in Figures 2020, Ministry of Transportation, 2021
Given the importance of Calle 13 for the city of Bogotá, not only from the point of view of cargo
transportation but also from its contribution to noise pollution in the area, it is necessary to know
the noise emission level of the transportation process on this road. It is important to highlight that
the traffic flow on this road is mainly freight [18].
This study highlights that there are opportunities for improvement in the management of this road
associated with productivity in the urban distribution of goods and especially in the negative
externalities associated with environmental impact, where noise is important given the population
and business density in the area surrounding the road.
Since the economic activity of logistics was not interrupted in pre, during and post covid-19
pandemic periods, it is relevant to identify what is the level of noise pollution of Calle 13.
Therefore, the question to be solved in this study was to establish whether the noise emission of
Calle 13 complies with the minimum allowable standards established in Colombian regulations,
as a contribution to sustainability from the environmental perspective of this economic activity.
Finally, the Secretary of Health of Bogota in its portal SaludData, presented in Figure No. 2, shows
statistics on the number of cases reported from 2015 to 2021 of health alterations due to noise
exposure in Bogota [19]. This shows the impact on public health of this type of pollution.
Figure No. 2. Number of cases of health effects due to noise exposure 2015-2021

© ICAS 2022

2220

Ann. For. Res. 65(1): 2217-2232, 2022
ISSN: 18448135, 20652445

ANNALS OF FOREST RESEARCH
https://www.e-afr.org/

Source:
SaludData,
observatory,
Secretary
of
Health
of
Bogota,
2022.
https://saludata.saludcapital.gov.co/osb/index.php/datos-de-salud/salud-ambiental/exposicionruido/
Therefore, noise exposure should be considered a public health problem.
2.
Methodology
2.1. Study Area
The defined study area is the road axis of Calle 13 in the sector between the Bogotá River and
Carrera 50, which is predominantly industrial and commercial. Noise emissions from the road
axis will be analyzed.
Figure No. 3. 13th Street land use (purple and blue: industrial zone, brown: commercial zone)

Source: Calle13 Corporation, 2021.
The type of research conducted was applied research, with secondary and quantitative information.
2.2. Applied Methodology
Data source: Source of data: Direct noise emission measurements were performed by the Bogota
Secretary of Environment at a distance of 1.5 meters from the roadway during daytime and
nighttime hours. They are carried out in a unit time interval of one hour with measurements of 15
minutes each, in a time span from June 2019 to June 2021.
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Procedure used in data collection: Annex 2 and 3 Annex resolution 0627 of the Ministry of
Environment, Housing and Territorial Development. [20]
Noise emission calculation procedure: Based on the provisions of Resolution 0627, the following
must
be calculated: Calculation of noise emission or contribution
The noise emission or contribution of any source is obtained by logarithmically subtracting the
corrected residual noise from the value of the A-weighted equivalent continuous corrected sound
pressure level, -LRAeq,T-, as expressed below:
Leqemission = 10 log (10 (LRAeq,1h)/10 - 10 (LRAeq, 1h, Residual) /10)

Where:
Leqemission: A-weighted sound pressure emission level, or input from the sound source(s),
LRAeq,1 h: Equivalent continuous A-weighted corrected sound pressure level, measured in one
hour,
LRAeq,1 h, Residual: A-weighted equivalent continuous A-weighted corrected sound pressure
level, Residual, measured over one hour.
Likewise, in Annex 2 of said resolution, the days and periods of data to be analyzed must comply
with: Reference Time Interval T.
For the measurement of A-weighted equivalent continuous sound pressure levels, -LAeq,T, the
reference time interval -T, is established as fourteen (14) hours for daytime hours and ten (10)
hours for nighttime hours, thus obtaining the respective levels, LAeq,d, daytime and LAeq,n,
nighttime, independent of each other. For the noise measurements in the reference time intervals,
the measurement methodology of the unit measurement time interval (per hour) should be used.
Time window of the study: June 2019 to June 2021. Total secondary source data of the observation
window: 35000 measurements performed by the Secretary of Environment from June 2019 to June
2021 daily, day and night.
3.
Results
Analysis was carried out for each day and night, with 24 unit measurements per day.
3.1 Emission Results
These were obtained with descriptive statistical analysis, prior to data processing by calculating
the equivalent weighted average noise emission limit for each day/day and per monthly average.
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It is then associated with a monthly indicator that measures the percentage of compliance with this
standard and the percentage that is not met for each month
Clusters were identified by day of the week and time of measurement. Lastly, the strategic MER
noise maps for 13th Street were analyzed.
3.1.1 Control Charts, Day Period
Figure No. 4 below shows the control chart of the weighted equivalent continuous corrected sound
pressure level value (in decibels), compared to the established standard and the minimum and
maximum values obtained in the period of the data.
Figure no. 4. emission control chart/month day/day vs. maximum allowable standard

Source: The authors, 2022
In spite of the restrictions on private vehicles during the pandemic, supply and logistics issues
were allowed to circulate. Because of the above, the same level of noise emissions was registered
on 13th Street during the pre, post and during the pandemic [21].
Urban distribution of goods was not affected by the restrictions; it can be assumed with a high
level of certainty that in 2020 more than 90% of the noise emissions on this road came from urban
distribution of goods. There is a high level of non-compliance with the Standard (purple color).
Grouping the data on a monthly basis, we proceed to calculate the percentage of the days of the
month that met and did not meet the established Standard Level, as shown in Figure No. 5.
Figure No. 5. Percentage of compliance per month with the Maximum Permissible Level
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Source: The authors, 2022
This is considered the first approximation to measure compliance with the maximum allowable
limit, identifying that there is no significant difference between the three periods of the pandemic.
3.1.2 Night Period
During the night shift, as shown in Figure 6, the maximum permissible noise emission standard
was met in greater proportion and the variation was lower. It is relevant that this compliance does
not have any significant difference between the pre, during and post pandemic periods due to noise
emissions in these periods, derived from vehicular traffic.
Figure no. 6. Emission control chart/month night shift vs. maximum allowable standard

Source: The authors, 2022
Regarding to the percentage of compliance with the maximum permitted noise emission standard
during the night shift, shown in Figure 7, measured monthly, it remained stable at around 35%,
higher than during the day.
Figure No. 7. Percentage of compliance per month with the Maximum Permissible Level
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Source: The authors, 2022
The data associated with the time of measurement and day of the week are analyzed below.
3.2. Aggregate compliance analysis by time of day and day of week
To perform this analysis, the data were grouped every 3 hours of the 24 hours of the day, associated
to the day of the week of the measurement. We accumulated the data in each cell and the color
represents the values furthest away from the maximum limit of the average [22] economic average
of the area; Table No. 1 presents this information for the day.
Chart 1. Number of days where the Maximum Permissible Noise Emission Limit was not
complied with during the working day, by hours and day of the week.

Source: The authors, 2022
It should be noted that every day of the week, including Saturday and Sunday, the critical hour for
noise emissions on the roadway axis in the pre, during and post pandemic periods is from 3 pm to
6 pm. Conversely, the hour that comes closest to meeting the maximum noise emission limit is
from 6:00 am to 9:00 am.
This shows that traffic on 13th Street is adjusted to the traditional working day, which is being
harmonized with the city's loading and unloading schedules [23] and subsequent adjustments in
pandemic time [24].
The same analysis is presented below, but for the night shift.
Chart 2. Number of days where the Maximum Permissible Noise Emission Limit was not met at
night, by hours and day of the week.
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Source: The authors, 2022
Based on the colored graph, it is evident that the highest compliance with the permissible limit of
noise emission, without differentiating the days of the week, is met in the hours from 12:00 am to
6:00 am. While the night hours where the noise emission standard is not complied with are from
6:00 pm to 9:00 pm, which corresponds to the peak hour of traffic in the city.
These tables are consistent with the control charts and graphs of monthly percentage compliance
with the maximum permissible noise emission limit for Daytime and Nighttime.
The groupings made in these tables ratify the finding of no decrease in traffic noise emissions on
this roadway in the pre-, during and post-pandemic period. That is to say, it had a stable behavior.
In addition to the fact that the participation of cargo vehicles, as shown in Figure No. 8, in this
road axis is higher than 88% per day, based on the final report Andi 2021 of the 13th Street
diagnosis [22].
Graphic No. 8 Participation of cargo vehicles on 13th Street

Source: Survey of companies in the study, Impacts and indicators of operational efficiency,
economic and other externalities. May 2021. Andi, 13th Street Corporation.
The above identifies that one of the main causes of noise emissions is vehicular load traffic,
especially in daytime transport from 3 pm to 6 pm from Monday to Sunday.
3.3. Strategic Noise Maps of the Secretariat of the Environment (SNM)
The map presented is prepared by the Subdirection of Auditory and Visual Air Quality (SAVAQ)
of the District Secretariat of the Environment (DSE) that collects the information in the period
requested June 2019 to June 2021 for the road axis of 13th Street. Where the graphic representation
shows the level of compliance with the Standard of the maximum permissible limit of noise
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allowed for the economic activity of the area. The definition established by this entity was as
follows:
“A Strategic Noise Map (SNM) is a cartographic representation of the existing noise levels in a
given area. The acoustic indicators used for the determination of environmental noise in Colombia
are classified in two (2) according to the type of day: Ordinary (which represents any day between
Monday and Saturday) and Sunday (which represents a Sunday or holiday); also, according to the
time of day, we have the LD (Sound Pressure Level Day 07: 01 - 21:00 hours) and LN (Sound
Pressure Level Night 21:01 - 07:00 hours) expressed in dB(A), since they allow determining the
exposure of people to environmental noise considering the K settings (either by tone, impulse, low
frequency or schedule), this in accordance with Resolution 0627 of April 7, 2006 " [25].
By public policy, these maps are updated every 4 years, as established in paragraph 2 of article 22
of decree 0627. The map sent corresponds to the 2016-2017 update. The maps are presented for
ordinary working day from Monday to Saturday with the following hourly regime of
measurements performed as follows:
Day Period LD (07:01 – 21:00 horas) Night Period LN (21:01 – 07:00 horas)

The scale used in this map is 1:40000 where the symbology used corresponds to colors that
represent the sound intensity of noise emitted in decibels, for areas of 200 meters around the road
axis of 13th Street.
For Sundays and holidays, noise data were collected on the 13th Street road axis with the following
sampling schedule during the day and night as follows:
Day Period LD (07:01 – 21:00 horas) Night Period LN (21:01 – 07:00 horas)

The fundamental use of these maps is to identify the exposure to noise emission of the
environment, such as people, companies, among others.
On the following page, in Graph No. 9, the official available 13th Street Noise Emission Strategy
Maps are shown.
a)
Strategic noise map for ordinary working hours (Monday to Saturday) during the day and
night: the purple color shows that the road axis has noise emission levels measured in decibels
higher than 80 db, showing an important exposure that means risk to people, families, companies
and workers. The map is issued to represent the impact from the road axis of the 13th street to 200
meters around which is at medium risk level between 70 and 80 db which is high. This explains
the levels of discomfort and annoyance expressed by families and/or workers in the sector [22].
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It is significant that the noise level in the road axis decreases in the nighttime where there are green
areas around Carrera 50.
b) Strategic noise map for Sundays and holidays: on these days, it was evident that on Sundays in
the road axis there are areas of compliance, especially those with commercial use and close to
Carrera 50 Avenue, with more areas that comply with the weighted average exposure limit in Calle
13. The area from Fontibón, Americas Avenue and up to Boyacá Avenue remains critical. It is
shown that in this zone on no day of the week or day of the week does the level of exposure to
noise emitted by Calle 13 decrease above 80 db.
Graphic No. 9. Strategic Noise Maps Calle 13 maps in periods Monday to Saturday and
Sundays and holidays (daytime and nighttime)
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4.
Result´s Discussion and Conclusions
4.1. Discussion:
The stated hypothesis of decreasing environmental impacts in the pandemic is not fulfilled in the
case of noise pollution on 13th Street. Its contribution to the objective of sustainable cities from
this perspective is minimal due to the frequent non-compliance with the maximum permissible
standard. This study shows that there is prolonged exposure to loud noise along the road axis, in
critical areas such as Fontibón. There are studies and evidence that relate this exposure to health
problems and it is a public health problem.
The country has regulations on measures to be taken and their methods, but there are no regulations
that assign functions to the Secretary of Environment of Bogota to intervene in traffic noise
emissions, which explains why they only focus on control and surveillance of stationary sources
such as companies or commercial establishments.
The environmental pollution strategies should include hearing pollution, which has been relegated
to the background due to the city's air quality problems, but is a problem that affects the health and
wellbeing of citizens and the natural environment.
At this time, a strategy of non-conventional schedules for loading and unloading of goods on 13th
Street is being developed, with a noise management plan to reduce this impact, but the number of
companies and vehicles involved is less than 5% of the daily fleet of vehicles on the road.
Therefore, the urban distribution of goods sector must contribute from their travel planning,
loading and unloading, use of authorized whistles, and maintenance of their equipment to impact
noise emission measurements.
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As long as traffic and permanent congestion are not controlled, it is not possible to make progress
in reducing the impact of noise emissions on this road, where 28% [17] of the city's load-carrying
vehicles pass. Protective measures against this type of pollution are recommended, such as green
measures, such as belts of trees and bushes along the road; engineering measures such as gabions,
berms, and acoustic insulation, as well as improving the architectural characteristics of the
environment.
4.2. Conclusions
The conclusions of this study are:
•
The indicator of percentage of days of non-compliance with the maximum permissible
noise standard on 13th Street effectively evidences the behavior of this environmental
impact produced by road traffic on 13th Street during the day and night.
•
Therefore, the opposite value would be an indicator of compliance and the permanence of
this compliance would be an approximation to measure the sustainability of the Urban
Distribution of Goods in this risk.
•
During the pre, post and pandemic periods, noise emission levels exceeded the standard
exposing people who live, work or circulate along this roadway to noise levels that affect
their health.
•
It is necessary to define a public policy to address this issue in a comprehensive and
effective manner. A pilot plan started in 2022 for unloading during nighttime hours with a
noise management plan to reduce this risk during the day.
•
There is concern about the existence of health effects already reported due to noise
exposure.
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