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ABSTRACT

Context: Noise in the work environment, in all types of productive activities, represents a hazard and has not real-
ly been valued in its real dimension. Little has been seen that stakeholders have determined the urgency of managing
noise control programs. Therefore, losses resulting from medical treatment and absenteeism, represented in health care
and social services, result in hidden work-related costs that directly affect the gross domestic product in any country.

Method: This article compiles different case studies from around the world. The studies were divided for review
into general studies on the effects of workforce noise and then particularized according to the effects of industrial noise
on workers’ health. At a control level, the assessment and measurement of noise is defined through the use of tools such
as noise maps and their respective derivations, in addition to spatial databases.

Results: According to the collection of information and its analysis, we observe that in the medium term, the
economies will be diminished in an important percentage due to the consequences generated by the exposure to noise.
Specific information can be found in the development of the article.

Conclusions: The data provided by the case studies point to the need for Colombia, a country that is no stranger to
this phenomenon, and which additionally has the great disadvantage of not having significant studies in the field of
noise analysis, should strengthen studies based on spatial data as a mechanism for measurement and control.
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ARTICLE INFO 1. Introduction

Noise, an unpleasant auditory sensation that with prolonged expo-
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Accepted: 4 March 2022 sure leads to a progressive decrease in hearing capacity, generating as a

Available online: 15 March 2022 consequence, a decrease in the quality of life of the individual and neg-
ative impacts on his productivity.
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of noise, it can undergo anatomical modifications until it reaches defini-

tive hearing loss. This pathology has two stages: the first one presents a
hypoacusis that is completely relieved after a period of rest and makes
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temporary changes in the auditory threshold, and
the second one occurs when the patient is chroni-
cally exposed to noise and permanent changes occur,
which causes irreversible damage to the organ of
Corti, in addition to sensorineural hypoacusis, evi-
dent after 10-15 years of exposure to casual audi-
tory stimulus!?!.

Another inconvenience caused by noise is the
generation of costs in the industry, due to the loss of
productivity, special education and medical care
caused by hearing loss in workers!®!. For these rea-
sons, industries should establish surveillance pro-
grams to monitor workers who are exposed to noise
levels that pose a risk to their health and who may
acquire occupational deafness!.

This review article consolidates different stud-
ies on the effects of occupational noise on the health
of the individual, as well as its controls, using tools
for noise management and assessment, such as in-
dustrial maps that allow georeferencing the results
with different methodologies and calculations.

The databases, another component of the arti-
cle, show how a spatial data infrastructure
is built by applying geoprocessing in interaction
with geographic information systems and geo-
graphic positioning systems.

Currently, manufacturing companies have
found a significant negative impact on the hearing
health of workers and employees who spend more
time in the area where the production plant is lo-
cated’® or where the machines are located.

2. Studies on the effects of occupa-
tional noise

Many analyses have been conducted on the
consequences of occupational noise on workers.
Among others, there are:

In the state of Aragua (Venezuela) a study was
carried out with 122 workers in the industrial zone
of the city of La Victoria, from which it was found
that 30.4% of the workers presented hearing prob-
lems. 70.4% of the workers reported extra-auditory
difficulties, the most frequent being insomnia in
49.1%, irritability in 40% and headache in 31.9% of
the cases. Sexual problems were reported in 11.4%;
19.1% of the workers reported being hypertensive

due to occupational exposure to noise; anxiety was
diagnosed in 33.5% of them, and depression in
5.8%. Twenty-seven percent were permanently and
totally disabled!®].

In Turkey, 126 workers were exposed to high
noise levels for up to eight hours a day at a hydroe-
lectric power plant. Although the company had pro-
vided the workers with hearing protectors, they did
not use them. Seventy-one of the 126 workers ex-
posed to noise were diagnosed with hearing im-
pairment. Hearing impairment was generated during
the first ten years of exposure; however, a minimal
permanent threshold shift was detected over a peri-
od of 40 years!”,

In Cyprus®, a study was conducted in more
than 90 companies with a sample of 200 people and
the following results were obtained: 71.6% of the
workers surveyed were exposed to a dose lower
than that allowed for their shift, while the rest
(28.4%) were exposed to a higher dose. Out of a
total of 90 industrial facilities, 14 exposed their
workers to noise doses that exceeded the limit value
by 100%. 27.8% of the respondents had a slight
permanent threshold shift between 20 and 30 dB,
while 7.7% of the examinees had a severe impair-
ment with a permanent threshold shift above 30 dB.
The percentage of people with hearing impairment
was 35.5%.

In the city of Sivas (Turkey), the noise gener-
ated by polygonal concrete, iron and steel, cement
and textile factories were investigated in a survey of
256 workers in these industries. The level of indus-
trial noise disturbance reported by the workers was
found to be 73.83%. The percentage of workers
who, according to the company, expressed hearing
problems was: 30.86% in the concrete and con-
crete-crosscutting company; 33.33% in the cement
company; 23.96% in the iron and steel company;
and 40% in the textile factories. 85.94% of the
workers do not have regular hearing tests. Hearing
protection accessories are used in industries with a
rate of 32.94%".

A study was made of 82 workers at the factory
of Productos Lacteos Escambray, in Cumanayagua
(Cienfuegos, Cuba); the company is made up of
three production lines: ice cream factory, cheese
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factory and pasteurizer. Twenty-four areas were an-
alyzed, 15 (62.5%) had noise levels equal to or
higher than 85 dBA, and the pasteurizer was the
area with the highest number of problems of high
noise levels (85.7%); the cheese factory had only
three areas (42.9%) with levels higher than 85 dBA.
The study determined that the company had 100%
of the areas studied with continuous and not inter-
mittent noise!'”,

Another study was carried out on 98 workers
of the Toméas Alvarez Breto Aluminum Carpentry,
located in Havana. The company was divided into
13 areas, of which it was found that only four had
noise levels equal to or lower than 85 dBA, the rest
had high noise levels. It was determined that 78%
of the workers had hypoacusis and only 22% ob-
tained normal results. In the positions where the
personnel were rotated, there were no hearing
problems. It was determined that hearing impair-
ment occurred in a higher percentage in women
(45.9%) than in men (32.7%)!1.

In Venezuela, in a paper industry, audiometries
were performed to their workers and measurements
of the intensity of environmental noise. The work-
ers were exposed to levels higher than 85 dBA;
those exposed to noise had protection mechanisms
such as earplugs and earmuffs, according to corpo-
rate policies, but they were not used by them. Most
of the workers in the groups exposed to noise pre-
sented hearing problems!!?].

In the Raja Passenger Train Company (Iran), a
study was carried out in which two groups (154 and
146 workers) were established who were exposed to
high and low noise levels, respectively, in their ac-
tivity. They were blood tested with enzymatic
methods to estimate triglyceride (TG), total choles-
terol (TC) and high-density lipoprotein (HDL) lev-
els. The analysis showed that working in a place
with high noise exposure and increased working
hours per week increased serum TG in the high ex-
posure group. TC and HDL levels did not show a
significant increase in either group, making it pos-
sible to determine that chronic noise increases sys-
tolic blood pressure, especially among male work-
ersl3l,

In Egypt, in 15 different industries, studies

were conducted on their noise levels (with sound
level meters), taking measurements at intervals of
every 10 minutes for periods of 8 hours a day and at
a height of 1.2 m above the ground. It was estab-
lished that workers had to withstand noise levels
exceeding 90 dBA as follows: industry food 71.4
dBA, beverages 73.1dBA, clothing 74.5 dBA, wood
80.7 dBA, furniture 83.6 dBA, hospital laundry ser-
vice 86.2 dBA, wheat mill 87.4 dBA, printing es-
tablishment 89.3 dBA, power plant 91.5 dBA, metal
working shop 92.6 dBA, vehicle maintenance 93.1
dBA, train maintenance 94.7 dBA, aluminum fac-
tory 97.2 dBA, iron factory 98.5 dBA and rivet
work 100.4 dBA. This study also established those
residential areas had noise levels of 91.5 dBA when
the permissible level is 60 dBA. The maximum
permissible noise levels in educational areas are 50
dBA, while the measured noise level was 89.3 dBA.
The maximum permissible noise levels in industrial
areas are 70 dBA, while the noise level measured in
this area was 98.5 dBA!'4,

3. Effects of industrial noise on
workers’ health

Through various studies it has been established
that the human ear is affected when subjected to
high noise levels and that hearing loss can be
caused by noise, ototoxic substances and acoustic
trauma. Of these, the most frequent, noise-induced
hearing loss, considerably affects the quality of life
and is established as an occupational disease.
Nowadays it is easy to diagnose it by means of PTA
(low tone audiometry) and the implementation of
OAE (otoacoustic emissions test) with these tests is
the best way to establish occupational sensorineural
hearing loss in exposed workers. Thus, the test with
the highest sensitivity for detecting cochlear dam-
age is the OAE or PTA!Y,

Noise also generates non-auditory effects such
as pupil dilation, respiratory
creased blood pressure, decreased blood flow, de-
creased gastric secretion, increased cholesterol, in-
creased blood glucose, insomnia, fatigue, stress,
depression, irritability, hysteria, neurosis, social

agitation, in-

isolation and lack of sexual desire!*!, depression,
irritability, hysteria, neurosis, social isolation and
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lack of sexual desire*.These deteriorations occur
more rapidly during the first ten years of noise ex-
posure, then their progress is slower!’..

Also, noise has health effects such as!'°!:

e Discomfort: since it interrupts the activi-
ties that are being carried out. This begins
to be experienced at levels of 50 dBA and
above.

e Interference with communication: a mod-
erate conversation where the speaker is
one meter away, the pressure level is be-
tween 50 dBA and 55 dBA. Shouting can
reach 75 dBA or 80 dBA. It is established
that background noise levels above 40
dBA will cause difficulties in oral com-
munication. From 65 dBA of noise, con-
versation becomes extremely difficult.

e Loss of attention, concentration and per-
formance: noise interferes with perception
and this causes problems in the perfor-
mance of a task.

e Sleep disturbances: noise can cause diffi-
culty in falling asleep, as well as altera-
tions in blood pressure, cardiac arrhyth-
mia and body movements.

e Hearing loss.

e  Stress.

e Habituation to noise: the organism habit-
uates to noise in the medium or long term.

In some countries, such as India, hearing loss

has been determined as a compensable disease since
1948 under the Employees’ State Insurance Act and
the Workmen’s Compensation Act (1923). But it
was not until 1996 that the first compensation case
was filed and about 250 workers alone are receiving
compensation for hearing loss!!.

4. Noise control

It has been established that hazardous noise
levels are easy to identify and can be technically
controlled through the application of commercial
technology, remodeling or transforming the equip-
ment/process!!”.

Likewise, hearing loss is entirely preventable,
this can be achieved through engineering controls

and employers providing their workers with at least

two means of protection: (a) personal protective
equipment (PPE), which are the most common con-
trols and (b) management decisions, such as peri-
odic shift rotation and limiting noise exposure when
noise levels exceed 85 dB!'3,

To prevent hearing loss, it is necessary to: re-
duce exposure to noise, use earplugs when exposed
to long periods of noise, use materials that absorb
noise and reduce it at home or at work, do not use
several noisy machines at the same time, and try to
avoid hearing undesirable noise with other sounds
and periodically perform a hearing test to assess
their hearing ability!’.. One mechanism to protect
workers against noise is hearing protectors; when
selecting them, the personnel who will use them,
the compatibility with other safety equipment and
the working conditions such as temperature, humid-
ity and atmospheric pressure should be taken into
account!!],

Developing countries have focused on noise
control through standards aimed at establishing a
permissible exposure limit of 85 dBA and an accu-
mulation factor (time/intensity interdependence ra-
tio) of 3 dB, and technical methods, such as the im-
plementation of periodic audiometric testing, use of
hearing protectors, training and record keeping!'7).

When a company establishes a noise control
program, the first thing to do is to determine what is
acceptable noise in your industry, so you can estab-
lish whether to build a new plant, expand its facili-
ties or purchase new equipment. Then it should dis-
tribute the equipment and procedures according to
the noise they generate, seeking that the noisiest
processes/machines are together and separated from
the quieter areas by intermediate noise zones!'!.

The next step is to determine the sources of the
noise. There are some techniques that help to iden-
tify the origin or source of the noise!'®!:

e Measure the frequency spectrum and plot

the data graphically.

e Measure the sound level, in dBA, as a

function of time.

e Compare frequency data with similar

equipment or production lines.

e Isolate components with temporary con-

trols or connect and disconnect one piece
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of equipment after another, whenever
possible.

The first step in the noise control process is to
treat the source directly. Noise can also be con-
trolled by enclosures and acoustic barriers, which
block or protect the receiver from the direct sound
path. Another way to control noise is to install
soundproof booths to isolate the employee from
excessive noise. Also, work shifts should be created

so that the employee can recover from the noisel'!.

5. Noise assessment and measure-
ment

In industries it is necessary to perform noise
emission measurements of fixed sources, for this
the following general conditions must be taken into
account!"!:

e The data must be obtained through a class

1 or class 2 sound level meter according
to the standard.

e [IEC 61672-1:2002 or any superseding
standard. They must be calibrated ac-
cording to IEC 60942:2003.

e  Suitable atmospheric conditions must ex-
ist, i.e., dry weather and the pavements
and surfaces on which the measurements
are made must be free of moisture.

e Resolution 627 of April 7, 2006, of the
Ministry of Environment, Housing and
Territorial Development, determines that
the sound pressure levels measured

must be corrected for impulsivity, tonality,
meteorological conditions, schedules,
types of sources and receivers.

There are parameters for measuring noise
emissions from stationary sources, the main ones
arel"’l:

e Equivalent continuous sound pressure

level with A-weighted filter, LAeq,T and
fast time weighting (F).

e Residual noise level, LAeq,T, residual,
measured as equivalent continuous sound
pressure level with A-weighted filter and
fast time weighting (F) or as L90 dwell
level.

The measurement time is one (1) hour and this

can be done continuously or with intervals of no
less than 15 minutes, to capture the necessary in-
formation at least 3 measurements of 5 minutes
each must be made, so that the results are repre-
sentative. Measurements should be taken during the
day and when noise emissions are at their highest.
Two measurement processes should be performed,
one with the noise emission source(s) operating,
during the period of highest emission, to obtain the
equivalent continuous sound pressure level with
A-weighted filter, LAeq, 1h, and another without
the source(s) operating, to determine the residual
noise, LAeq,1h, residual™.

For the evaluation of the acoustic quality of
closed enclosures there are three main criteria:
noise criteria curves (NC), room criteria curves (RC)
and balanced noise criteria curves (NCB); however,
it is the latter that has acquired the greatest rele-
vance since it considers a wider range of frequency
bands. These curves were created with the purpose
of ensuring that the background noise does not in-
terfere with the type of activity that takes place in a
given room, allowing, in addition, that communica-
tion between people is satisfactory!!®),

Noise is measured with instruments such as
sound level meters, dosimeters and auxiliary
equipment. Sound level meters are classified ac-
cording to their accuracy, from the most accurate
(type 0) to the most inaccurate (type 3). The most
commonly used filter is the weighting network.
Modern sound level meters are equipped with oc-
tave band and one-third octave band filters to pro-
vide more detailed results”.

According to the international standard?!, it
determines that noise can be measured according to
three types of methods:

a) Control: the work areas are measured with a
sound level meter, using a limited number of meas-
urement points.

b) Engineering: the sound level is measured
through the A-weighting factor. The number of
measurement points and frequency ranges are de-
termined according to the measurement objectives.
The time factors must be recorded.

¢) Precision: overall sound level measurements
are supplemented with octave or one-third oc-

76



tave band measurements and appropriate time in-
terval histories are recorded depending on the dura-
tion and fluctuations of the noise.
Noise at work can be measured under two
basic criteria?’:
e The exposure to which each worker is
subjected can be measured.
e Noise levels can be measured in several
areas, making a noise map to determine

the areas at risk.

6. Noise maps, a tool for noise
management and assessment

The diversification of human activities means
that an increasing number of citizens are exposed to
different noise sources, to complex sound environ-
ments (combined noises).

Several studies have highlighted the impact of
noise on human health and well-being!*?! and de-
fined that there is a causal relationship between the
sound level and the degree of discomfort it gener-
ates in people, although the physical and cultural
characteristics of the individual can relativize the
level of impact that noise has on health!>,

Society has long been aware of the environ-
mental and health implications of noise. As a result,
different entities and individuals have proposed and
developed actions aimed at noise control and reduc-
tion. One of the most important tools for the evalu-
ation and management of environmental noise is the
noise map!**!.

Noise maps have been used to examine the ef-
fects of noise pollution at sites such as airports,
factory facilities, road routes and nearby residential
communities. Their development has led to correc-
tive measures such as the rezoning of industri-
al/residential areas, as well as the construction of
noise screens to reduce the effect of noise in an ar-
eal®l,

Taking into account the work done by the Eu-
ropean Community in aspects of evaluation, control
and management of noise (environmental or indus-
trial), a noise map can be defined as follows:

[...] the presentation of data on an existing or
predicted noise situation on the basis of a noise indi-

cator, indicating the exceedance of any relevant limit
value in force, the number of people affected in a spe-
cific area or the number of dwellings exposed to cer-
tain values of a noise indicator in a specific areal?®).

It also defines a strategic noise map as “a map
designed to enable an overall assessment of noise
exposure in a given area, due to the existence of
different noise sources, or to enable overall predic-
tions to be made for that area”2¢],

The development of noise maps can be gener-
ated experimentally or under mathematical calcula-
tion. Experimental maps involve a greater need for
initial resources (human and economic), being slow
to perform and their usefulness is reached in the
diagnostic stage, because of the data taken in situ,
which gives reliability to the information”),

For environmental monitoring (in this case the
noise factor) the data aspect is of particular rele-
vance. In fact, today there is much demand from
citizens, activist groups and even municipal admin-
istrations for the use of participatory technologies to
address pollution'®), which if applied correctly, can
achieve the same accuracy as standard noise map-
ping techniques®®).

Similarly, the development of calculated maps
is more flexible (a larger study area can be mapped),
they are more affordable and easier to update. Their
shortcomings lie in the fact that their results depend
on the mathematical model used and on the input
data set introduced for their calculation!®”!,

In principle, a noise map consists of a spatial
representation of data on an existing or predicted
acoustic situation based on a noise index. In the
most general case, it represents the sound levels by
means of a set of isophonic lines made from the
calculation of sound levels at receptor points cov-
ering the entire study area. However, noise maps
can also represent the exceedance of a limit value,
the number of people affected or the number of
dwellings exposed to a certain noise index value?*,

It should be remembered that acoustic cartog-
raphy offers many more possibilities: vertical maps,
maps with numerical information at receptor points,
maps analyzing the contribution of different sources,
maps with exposed population, etc.*,
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7. Industrial noise maps

The development of noise maps in the last two
decades has been extensively worked on, most large
cities have technical departments for noise pollution
control that regularly prepare noise maps and action
plans; in other words, there are already procedures
and significant experience for the management of
environmental noise!?”.

However, in a smaller environment, such as a
business office or a factory floor, the use of a noise
map is still limited, partly due to the difficulty in
constructing noise curves!®*!,

An industrial noise map seeks to measure the
noise levels in companies or industrial factories,
both internally and the impact around them. It also
seeks to define the emissions generated by the fixed
sources inside the companies, for this, it is neces-
sary to determine the distribution of the factory and
in it the location of the machines. Once the noise
levels at all points of interest are known, noise
curves can be constructed!®”!,

8. Mapping methodology

Before starting to work on a noise map, it is
necessary to establish the requirements and deter-
minants of such a map; to know whether a general
or specific map will be made on the source(s), the
scale of work and accuracy of the data, the acoustic
indices and results of the map!®..

Then the technique to be used is selected™:
sound level meter measurements®®, forecasting
methods, or a combination of measurements and
forecasts.

Maps developed under direct measurement
techniques (sound level meters) are costly (re-
sources and time), but their results reflect a good
level of accuracy. Those developed with forecasting
methods present practical advantages with good
reliability of their results, but many times estab-
lishing the behavior of noise sources (calculations)
requires a very good level of mathematical model
management!?”,

The first noise maps made in the eighties and
nineties, were elaborated with experimental meas-
urements®!! and it is later on when a correct elabo-

ration begins to be composed through a sampling
planl®2],

The spatial sampling methodologies with ex-
perimental measurements most commonly used for
noise mapping are*): a) grid methodology: dividing
the area under study by a grid of a fixed distance
and taking measurements at the nodes of the grid®';
b) road or traffic methodology: performing a cate-
gorization of the roads and sampling different
points of the roads assuming that those of the same
category will present similar noise levelsP¥; c)
sampling in specific areas: usually used when it is
desired to cover a specific area where a specific
noise is centralized, such as nightlife; d) methodol-
ogy according to land use: it is carried out taking
into account the characteristics of the land, accord-
ing to the land planning categories of the agglomer-
ation: commercial use, residential use, etc.?Y; €)
random zone methodology: it is common to use this
methodology when a grid cannot be drawn, when
the road method cannot be used, or when there is no
specific area where noise is concentrated®>!.

9. Calculation methods for noise
maps

The development of the industrial/point source
calculation method®® is one of the most widely
used and stipulates the consideration of ISO stand-
ards that provide the development of the calculation
of point source emissions®” and their propagation
calculation®, as well as the determination of emis-
sions from industrial areas.

In Bogota, the legislation applicable to the
noise problem in the city®), is, among others, the
national noise emission and ambient noise standard
(Resolution 627/06 MAVDT) and the one that es-
tablishes the business classification by noise impact
UCR that allows assessing industries and estab-
lishments, regarding their noise generation level
(Resolution DAMA 832/00).

Thus, point sources should be defined and their
power level should be measured (day, afternoon and
night), describing the geometry of the source, its
location and directionality. For the above, it should
be taken into account that measuring the sound
pressure near the focus involves determining the
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sound power levels with engineering methods*"!
and inspection methods!*!).

10. Spatial databases

Since the earliest civilizations the need to rep-
resent spatial data in a pictorial way was seen. In
the 18th century in Europe, the Geographical In-
formation Society was formed with the establish-
ment of national government agencies to produce
cadastral and topographic maps of all countries.
These institutes are still in force. Even through the
last two centuries maps have been produced in in-
dividual styles; however, there are still standards
within cartography that have not been broken*?!.

Spatial databases arise from the need to store
and represent geographic data. They constitute an
electronic database that, in addition to registering
and facilitating the administration of transcendental
information of a business domain in a digital me-
dium, allow storing spatial information!**!,

A special advantage provided by the digital
structuring of information is the geostatistical anal-
ysis; most software specialized in geographic in-
formation systems (GIS), such as ArcGis, Quamtun
Gis or GvSig, present modules for the exploratory
analysis of spatial data and tools to create statistical
surfaces!*4l.

11. Spatial data infrastructure (SDI)

The Instituto Geografico Agustin Codazzi
(IGAC) remains the governing body of Colombian
geography and in accordance with its mission, its
development plan defines the following func-
tions(*:

e Increase awareness and understanding of
the vision, concepts and benefits of SDI.

e Evaluate and implement the use of com-
mon methodologies for the production
and maintenance of fundamental SDI
support data.

e Contribute to the generation of coopera-
tion strategies between the IGAC and
other national and international organiza-
tions to promote and disseminate SDI de-
velopment.

e  Contribute to the development of common

solutions for the discovery, access and use
of geospatial data in response to commu-
nity needs.

The IGACH*l—as coordinator of the Colom-
bian Spatial Data Infrastructure (CSDI), which is
the sum of policies, standards, organizations and
technological resources that facilitate the produc-
tion, access and use of geographic information of
national coverage, to support the country’s eco-
nomic and social development-seeks, among others,
objectives to document the basic and thematic car-
tographic data produced and facilitate access to
them (metadata) and harmonize information sys-
tems to ensure data interoperability (standards
-spatial data standardization committee-) through
the implementation of the National Technical
Standard on Geographic Metadata (NTC4611)17,

The backbone of SDI and mapping systems is
spatial data (Figure 1). The various frameworks
that make up the Mexican Data Infrastructure
(SDIMex) are oriented towards spatial data. The
SDIMex is the set of policies, legal, organizational,
regulatory and technological framework, necessary
for the effective creation and integration of spatial
data and to facilitate the availability, access, sharing
and use of these, as part of the Public Information
System (P1S)™“8l,

Policy and legal |
framework

Normative
framework

He ==
W
He =S

| |SPI
Organizational
framework

P
R
O
D
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E
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S

Technological
ol framework -

Spatial data
Figure 1. SDIMex conceptual model.

Source: Esparzal*®l,

12. Applied geoprocessing

Efficient tools for extracting information from
spatial data are crucial for organizations that make
decisions based on robust spatial data sets, such as:
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NASA (National Aeronautics and Space Admin-
istration), NIMA (National Imagery and Mapping
Agency) and NSI (National Cancer Institute). These
organizations are spread across many application
domains, including: ecology, environmental stew-
ardship, public safety, transportation, earth science,
epidemiology, and climatology!*’..

Taking into account both social and economic
studies, and especially in econometric models, it is
necessary to consider the spatial variables that are
found in the work with georeferenced data; since
the events that occur in one location have an influ-
ence on another that is apparently remote!*",

An example of this is Pacheco’s project!
which obtained the potential erosion index through
the treatment of edaphic, pluviometric and thermal

51]
b

data, generating images in raster maps, with a spa-
tial resolution of 100 meters through interpolation.

A kind of meteorological data display mecha-
nism is recommended on the basis of G/S mode
which is based on HGML (hyper geographic
markup language) which is a uniform interchange
standard. For the case of meteorological data which
are characterized by being dense and complicated.
According to the concept of “concurrency of infor-
mation” and “polymerization service”, which is
grouped by ArcGIS geographic processing tech-
nology™™?.

GIS technology was used to integrate data on
malaria in Colombia from various sources for a re-
cent period and to perform different spatial analyses
in the five endemic zones identified. The spatial
database developed allowed the periodic entry of
data for monitoring the disease and thus to evaluate
in a timely manner the effectiveness of the strate-

gies adopted to reduce the incidencel>).

13. Interoperability in GIS

Considering the difficulties in the interopera-
bility between the files generated by the GIS, which
are then intended to be managed through another
GIS, it is possible to solve using the “dxf” format,
but at the cost of loss of information and that is
where the need arises in the standardization of
geo-information™,

Because spatial data are saved in binary format,

it represents a drawback for the use and sharing of
data. In order to unify the management of spatial
data, it is proposed to map data based on XML (ex-
tensible markup language) in the relational-spatial
database; this, besides solving the two mentioned
drawbacks, provides the way to access heterogene-
ous systems and as any Web GIS guarantees the
radius of use of the information!®>!,

14. Geographic positioning system
(GPS)

In contrast to vehicle positioning, the precise
location of individuals is becoming increasingly
important, especially in health cases, such as de-
mentia patients, among others, where the Mobile
Guardian architecture based on GPS and GSM
(management system geographic) is recommend-
ed?l,

As a strategic project for Colombia’s devel-
opment, a cooperation agreement was established
between the National Administrative Department of
Statistics (DANE) and IGAC to generate carto-
graphic products to support census operations, as
well as basic cartography. The IGAC has advanced
in the establishment of the MAGNA National Geo-
centric Reference Frame and the use of GPS (global
positioning system) technologies to provide the
precision coordinate system to which the different
types of cartography for the census and other pro-
jects are linked™®,

15. Conclusions

The use of GIS is becoming much wider for
many application domains, this added to the glob-
alization and proliferation of networks, leads to a
need to standardize the software tools used; it is
noteworthy that in recent years most entities ori-
ented to digital mapping use ESRI technology.

Industries in the world, in general, present
noise above 85 decibels, causing irreversible audi-
tory diseases and others associated with noise, such
as: insomnia, irritability, headache, sexual problems,
hypertension among others in the medium and long
term of exposure and to the productive system,
losses that have not yet been quantified.

On the other hand, it is important to highlight
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the importance of investigating occupational noise
after learning that the industrial noise can generate
affections, the most serious of which is the perma-
nent perforation of the tympanic membrane of the
ear.

Companies in some industrial sectors, such as
metalworking, textile, food, plastics, graphic arts,
among others, which are high generators of noise,
generally lack programs to control it and, therefore,
there is a lack of a culture of self-care, which shows
little knowledge and management of this issue.

Conflict of interest

The authors declare no conflict of interest.

References

1.  Subroto S, Dhatrak SV. Occupational noise-induced
hearing loss in India. Indian Journal of Occupational
and Environmental Medicine 2008; 12: 53-56.

2. Otarola MF, Otarola ZF, Finkelstein KA. Work noise
and its impact on health (in Spanish). Ciencia &
Trabajo 2006; 8(20): 47-51.

3. Diaz AJ. Noise at work: Scope of a global problem
(in Spanish). 2006 [cited 2013 Nov 21]. Available
from:
http://www.construmatica.com/construpedia/El_Rui
do_en_el Trabajo. Alcance de un_ Problema_ Glo
bal.

4. Sanchez VM, Albornoz VC. Strategy against the
problem of occupational noise (in Spanish). Ciencia
& Trabajo 2006; 8(20): 58—64.

5. Shigiang W, Ruixiang S, Kun Y, ef al. The research
of noise induced tympanic membrane perforation in
cotton textile industry. IEEE. Conference Publica-
tions. 2008. p. 1587-1790.

6. Martinez MD. Effects of noise due to occupational
exposure (in Spanish). Salud de los Trabajadores
1995; 3(2): 93-101.

7. Celik OY, Yalcin S, Oztiirk A. Noise parameters in
industrial workers exposed. Auris Nasus Larynx
1998; 25(4): 369-375.

8.  Eleftheriou PC. Industrial noise and its effects on
human hearing. Applied Acoustics 2002; 63(1): 35—
42.

9. Atmaca, E.P. Industrial noise and its effects on hu-
mans. Journal of Enviromental Studies 2005;
14(6): 721-726.

10. Moreno RR, Martinez DA, Rivero PD. Auditory
research on workers exposed to industrial noise (in
Spanish). Revista Cubana Medicina General Inte-
grada 2006; 22(3).

11. Hernandez DA, Gonzalez MB. Auditory alterations
in workers exposed to industrial noise (in Spanish).
Medicina Seguridad Trabajo 2008; 53(208): 1-11.

12. Guevara H, Lugo F, Cardozo R, ef al. Exposure to

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

81

noise, organic solvents and hearing capacity of
workers of a paper company (in Spanish). Revista
Informe Médico 2008; 10(3): 149-158.

Mehrdad RM. Relationship between exposure to
industrial noise and serum lipid profile. Acta Medica
Iranica 2011; 49(11): 725-729.

Sayed AA. Levels of industrial noise and annoyance
in Egypt. Applied Acoustics 2011; 72(4): 221-225.
Manuela GM, Garcia JJJ, Ceballos LY, et al. Indus-
trial noise: Effects on the health of exposed workers
(in Spanish). Revista CES Salud Publica 2012; 3(2):
174-183.

Miranda JRC. Noise: Health effects and criteria of its
evaluation within enclosures (in Spansih). Ciencia &
Trabajo 2006; 8(20): 42—46.

Suter AH. Nature and effects of noise (in Spanish).
In: Stellman JM, McCann M, Warshaw L (editors).
Enciclopedia de salud y seguridad en el trabajo.
Organizacion Internacional del Trabajo. 2001. p.
472-476.

Driscoll DP. Noise control techniques (in Spanish).
In: Stellman JM, McCann M, Warshaw L (editors).
Enciclopedia de salud y seguridad en el trabajo.
Organizacion Internacional del Trabajo. 2001. p.
47.8-47.12.

Echeverri Londonio CA, Gonzalez Fernandez AE.
Protocol to measure the emission of noise generat-
ed by fixed sources (in Spanish). Revista Ingenierias
2011; 10(18): 51-60.

Denisov EI, Suvorov G. Noise measurement and
exposure assessment (in Spanish). In: Stellman JM,
McCann M, Warshaw L (editors). Enciclopedia de
salud y seguridad en el trabajo. Organizacion Inter-
nacional del Trabajo. 2001. p. 47.6-47.8

ISO 2204. International Organization for Standard-
ization. 1979 [cited 2013 Sep 17]. Available from:
http://www.iso.org/iso/catalogue detail.htm?csnum
ber=7007.

Pierrette M, Marquis-Favre C, Morel J, ef al. Noise
annoyance from industrial and road traffic combined
noises: A survey and a total annoyance model com-
parison. Journal of Environmental Psychology and a
total annoyance model comparison 2012; 32(2):
178-186.

Martinez S, Moreno J. Space-time analysis with GIS
of urban environmental noise in Madrid and its dis-
tricts (in Spanish). Revista Internacional de Ciencia
y Tecnologia de la Informacion Geografica 2005; 5:
219-249.

Ayuntamiento de Leganés. Strategic noise map of
the city of Leganés (in Spanish). Leganés: Univer-
sidad Carlos III de Madrid; 2011.

Suebsak N, Tawan S, Supphawat B. Analytical
procedure for constructing noise contours. Interna-
tional Journal of Industrial Ergonomics 1999; 23(1—
2): 123-127.

Parlamento Europeo. Official journal of the Euro-
pean communities (in Spanish). 2002 [cited 2013
Nov 21]. Available from:
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do



217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

2uri=01J:L:2002:189:0012:0012:ES:PDF.

Simoén F, Morales E. Characterization of noise in the
city of Belem (in Spanish). Acustica 2008, Univer-
sidad de Coimbra. 2008 [cited 2013 Nov 20]. p. 1-8.
Available from:
http://digital.csic.es/bitstream/10261/8157/1/Caract
erizacion_ruido_Belem.pdf.

D’Hondt E, Stevens M, Jacobs A. Participatory
noise mapping works! An evaluation of participatory
sensing as an alternative to standard techniques for
environmental monitoring. Pervasive and Mobile
Computing 2013; 9(5): 681-694.

Segués EF. Noise map elaboration strategy (in
Spanish). Centro de Estudios and Experimentacion
de Obras Publicas (CEDEX). 2005 [cited 2013 Sep
20]. Available from:
http://www.vitoria-gasteiz.org/wb02 1/http/contenid
osEstaticos/adjuntos/38988.pdf.

Instituto Colombiano de Normas Técnicas (Icontec).
NTC 3428, Sonometros—Medidores de la intensidad
de sonido. 1992. p. 2-22.

Recuero M, Gil C, Grundman J. Noise map of San
Sebastian de los Reyes. Methodology of measure-
ments and results (in Spanish). Revista de Actstica,
Numero extraordinario 1996; 51-54.

Sommerhoff J, Recuero M, Sudrez E. Community
noise survey of the city of Valdivia, Chile. Applied
Acoustics 2004; 65(4): 643—656.

Ausejo PM. Noise maps (in Spanish). 2010 [cited
2013 Jul 15]. Available from:
http://www.aislacustic.com/servicios/mapas-de-ruid
0.

Romeu J, Jiménez S. Spatial sampling for night
levels estimation in urban environments. Journal of
the Acoustical Society of America 2006;
120(2): 791-800.

Pavon I, Recuero M. Noise maps: A tool for the
demarcation of risk areas of noise exposure in the
surface mining industry. Ponencia en la ICSV13 The
Thirteenth International Congress on Sound and
Vibration; 2006 Feb 7-Jul 7; Vienna, Austria: The
International Institute of Acoustics and Vibration;
2006.

Gobierno Vasco. Consultation, information and
management system for sources of environmental
noise. Methodological guide for the realization of
noise maps (in Spanish). Comunidad Auténoma
Vasca, Espana: Departamento de Ordenacion del
Territorio and Medio Ambiente. 2005.

ISO 3740. Acoustics—Determination of sound
power levels of noise sources—Guidelines for the
use of basic standards. International Organization for
Standardization. 2000 [cited 2013 Jul 20]. Available
from:
http://www.iso.org/iso/home/store/catalogue tc/cata
logue_detail.htm?csnumber=1260.

ISO 9613. Acoustics—Attenuation of sound during
propagation outdoors—Part 1: Calculation of the
absorption of sound by the atmosphere. International
Organizational for Standardization. 1993 [cited 2013

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

82

Oct 24]. Available from:
http://www.iso.org/iso/iso_catalogue/catalogue tc/c
atalogue detail.htm?csnumber=17426.

Secretaria Distrital del Medio Ambiente (SDMA).
General information on noise problems (in Spanish).
2013 [cited 2013 Oct 17]. Available from:
http://ambientebogota.gov.co/ruido.

ISO 3744. Acoustics—Determination of sound
power levels and sound energy levels of noise
sources using sound pressure—Engineering meth-
ods for an essentially free field over a reflecting
plane. International Organization for Standardiza-
tion. 2010 [cited 2013 Oct 19]. Available from:
http://www.iso.org/iso/iso_catalogue/catalogue_tc/c
atalogue detail.htm?csnumber=52055.

ISO 3746. Acoustics—Determination of sound
power levels and sound energy levels of noise
sources using sound pressure—Survey method using
an enveloping measurement surface over a reflecting
plane. International Organization for Standardiza-
tion. 2010 [cited 2013 Oct 27]. Available from:
http://www.iso.org/iso/home/store/catalogue tc/cata
logue_detail.htm?csnumber=52056.

Pefia Llopis J. Geographic management systems
applied to land management (in Spanish). San Vi-
cente (Alicante): Editorial Club Universitario; 2010.
Alvarez PVL. Spatio-temporal databases (in Span-
ish). México: Universidad Veracruzana; 2009.
Miranda JP, Ubaque CA, Pinzon JP. Selection of
technologies for the treatment of municipal
wastewater (in Spanish). Tecnura 2015; 19(46):
149-164.

Duarte LPA. The digital cartography of the 2005
General Census as a strategy to materialize the re-
sults of the Colombian spatial data infrastructure (in
Spanish). Revista Cartografica 2006; (82): 157—-168.
Instituto Geografico Agustin Codazzi. Infraestruc-
tura Colombiana de Datos Espaciales (ICDE). Car-
tagena de Indias. 2001.

Instituto Geografico Agustin Codazzi. Acta de
Acuerdo ICDE No.1. 2000.

Rios LGE. The data, foundation of a Spatial Data
Infrastructure. The Mexican experience (in Spanish).
Revista Cartografica 2006; (82): 9—-18.

Ravikumar K, Gnanabaskaran A. ACO based spatial
data mining for traffic risk analysis. IEEE. Interna-
tional Conference on Innovative Computing Tech-
nologies 2010; 1-6.

Acevedo BI, Velasquez CE. Some concepts of spa-
tial econometrics and exploratory analysis of spatial
data (in Spanish). Ecos de Economia 2008; 27: 285—
230.

Pacheco GA. The potential erosion rate on the
northern slope of the Waraira Repano (in Spanish).
Revista Colombiana de Geografia 2012; 21(2): 85—
97.

Chen K, Miao F, Yang W, et al. Research on mete-
orological data display based on G/S model. IEEE
2011; 683-686.

Molina AM. Geographic information system for the



54.

55.

analysis of the geographic distribution of malaria (in
Spanish). EIA 2008; 9: 91-111.

Bernabé MA, Manso MA, Gonzalez ME. University
teaching on spatial data infrastructure (in Spanish).
Revista Cartografica 2007; 83: 17-35.

Ye O, Zang J, Li J. The application and research of
data mapping in spatial-relational database. IEEE.

56.

83

Computer Science and Service System (CSSS) 2011.
p. 791-794.

Wu Q, Yang X, Liu H, ef al. Mobile Guardian: A
novel positioning and monitoring system for outdoor
special users based on GPS. IEEE International
Symposium 2008; 560—600.



