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The Electronics Industry and Their Chemical
Effects in the Environment of Arid Regions of

Northwest of Mexico

Gustavo L 6pez Badilla, Juan Manuel Terrazas Gaynor

Abstract: The electronics industry is very important in the
world economy, because is one of more dynamic activities, due to
a great quantity and different electronic products manufactured
and used in a lot quotidian operations. This type of industry has
strongly attracted attention to the environmental authoritiesin the
recent 10 years, due to the deterioration that causes to the
ecosystems. The electronics industry generates a lot liquid
chemical waste, which arethrown into soils and aquifersthat are
close to companies. The interest of the relation of environmental
problems and the electronics industry has manifested with more
frequency, from 20 years ago, especially in countriesthat regulate
strictly to care the ecosystems, being some countries of Europe,
United States and Japan. The lack of control in certain liquid
wastes from activities of the electronics industry, that are
discharged into areas next to companies or by the drainage
systems has caused a great deterioration of the ecosystems. This
occurs with some companies installed in the Mexicali city
dedicated to manufacture electronic products. This city is located
in the northwest of Mexico that is a border city with the United
States of America (USA), where some soils and aquifers are been
damaged for some years. This has negative effects in the
population too, by the generation and proliferation of respiratory
diseases (RD), being a beginning of some environmental and
health crisis, particularly in areas adjacent to these companies.
This study examined the environmental problems of the industry
electronicsin Mexicali, and the increase of persons that suffer of
RD, being principally in the winter periods. The analysis was
made based in two steps, being thefirst to evaluate the pollution of
soil and water levels with the principal climatic factors as relative
humidity (RH) and temperature variations around two companies
of the electronics sector to be correlated with the RD levels. The
second step was to analyze the pH of soil and water, around the
three companies evaluated in this city and to elaborate an
evaluation of soilswith the Scanning Electron Microscopy (SEM)
techniqueto knowtheir level of deterioration. The study was made
from 2018 to 2019.

Keywords: Deterioration of ecosystems, electronics industry,
liquid waste, respiratory diseases

. INTRODUCTION

The electronics industry is often considered as low
pollution emission, according to the laws of environmental
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regulation in the indoors of this type of companies. This
activity is classified according to the pollutant emissions
generated during the manufacturing process. From this
perspective, the industry is perceived as dightly pollutant;
where in the United States annually generates 1.6 % of the
hazardous waste, according to the emission reflected from the
Toxic Release Inventory (TRI)Y:. From the view the final
product is conceived not as a contaminant particularly
compared with other industries that produce an
environmentally crisis, such as the iron and steel industry,
chemicals and petrochemicals companies, pulp and paper
manufacturing processes and others’. In Mexico are a lot
companies of the electronics sector, that are been installed in
industrial parks of the most important cities as the Mexico
city, Guadalgjara and Monterrey and in some most popular
border cities with the USA asis Mexicali, Tijuana, Nogales,
Cd. Juarez and Reynosa. In Mexicali, the major percentage of
the companies (75%) is from the electronics industry, or is
dedicated to the manufacture of electronics products. In this
city around the companies of the electronics sector, are
presented deteriorated soils and an increase of RD in people®.
This is because it does not take into account the speed at
which expandsthe liquids waste dumped in areas next to these
companies. The effect in the environmental of the electronics
industry is supervised in avery limited way, regardless of the
great damageto the ecosystemsin any city of theworld andin
specia in Mexicali. The increase of environmental problems
caused by the electronic industry of Mexicali is considered as
an important aspect in the deterioration of the ecosystem of
this zone of Mexico, by the advancement of the technology
and standards for this type of companies. This, is known by
the fact that in some nearby areas to more than half of these
companies, originate variations in the ecosystems as in soils,
water canals, aquifers and in the air quality of this city. The
environmental regulations and the limited supervision in this
topic with international and national laws regul ate the level of
demand of the eectronic products, but the environmental
problems still appear regularly in Mexicali, caused by the
electronicsindustry. Thisanalysis provides some elementsfor
an environmental and industrial policy in Mexico, especially
in the northwest of Mexico where is located Mexicali, to
consider the great care of the ecosystems”.

Electronicsindustry

The electronics industry is one of the most productive,
dynamic activities and important worldwide. In 1999 this
industry was the largest in the United States after the
automotive industry, with a production of 578,000 million®.
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The electronics industry produce a lot articles including
telecommunications systems, TVs, production machinery for
other industries, robotics systems, as well of a number of
appliances. The production of components electronics and
computers has gained tremendous momentum in the past 15
years. In the case of Mexico, electronics production has had
an extraordinary momentum, rising by more than three times
its contribution to the total gross domestic product (GDP)
between 1988 and 1999 [1], reaching 1.2% in the last year in
2012. At the same time, their presence in the world market
increased significantly and its share rose from 0.8 % in 1988
to 3% in 2000°. The electronicsindustry in Mexico increased
at 1.1%in 1989, 17.4%in 1994 and 54.7 % in 2011 of INEGI
2020°. It isimportant to consider that the industry electronics
has gone through a period of crisis at the national level and
internationally in the past two years, but still a relevant
activity in Mexico. In 2020, under the sector covering the
electronics manufacturing industry 30% of the total exports,
10% of investment, employment 9.2% , 9% wages and 5.8%
of GDP®. In Mexicali has been and important development of
the industry of this region and generates more than 25, 000
jobs to people of this city and their suburban places’.

The eélectronicsin our quotidian life

The electronic is part of our daily lives, being copper,
silver, gold and tin and its aloys, the key elements for their
operation, and they can be used to the communication systems
over long distances, use in a PC, watch aDVD or simply use
an electronic and electric appliance®. The electronics have
now fully entered our lives through mobile phones, our cars
equipments, computers, media players, and all the appliances
you have a home. The metals mentioned and their
components are not aways detectable as they are
incorporated into the finished product. Without realizing it,
every day we are in contact with these metallic materials,
which without they the electronic equipments may not work®.
The electronics industry makes extensive use of these metals
and its alloys, due to the excellent conductivity of the metals.
These metallic materials allow the electronic equipment
works faster, and with these metals reduce the formation of
heat and last longer. On the other hand, the metallic materials
mentioned, are used between they and with other metals to
fabricate consumer electronics articles as al the
entertainment products, televisions, radios, cellular phones
and computers. The laminates of the metals are manufactured
by speciaized treatments and widely used in the electronics
industry, and are constituted of the metals mentioned as a
strip, and specia alloys that give their properties to a variety
of materials. In addition these metallic materials provide the
possibility to produce very complex components, and also are
used to fabricate economic materials. In the production of
very small components are used especialy as so very thin
strip or profile strips of varying thicknesses. The components
made with our bands are essentia in the production of:
various types of connectors, switches, plugs, sockets and
circuit boards’.

Environmental regulationsin the electronicsindustry

The environmental dimension of this phenomenon has
generated great concern, especialy in industrialized
countries. The manufacturing processes in the electronics
industry use some chemical substancesto clean; prepareto cut
and to protect of the corrosion phenomenon, principally®. In
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fact, the importance of environmental policy adopted in the
development technology in the electronics industry, deserves
careful consideration in the Mexican Republic, especialy in
materialswith which they are constructed and substances used
during production as well asits design and the way it tends to
segment the market International of these products. All these
elements tend to redefine their insertion into the multinational
and international industry. While environmental damage in
Mexico industry is considered with a low effect, the
environmental problems in the electronics industry of
Mexicali occur’. The environmental policies, particularly in
Europe and Japan, have adopted a vision very drastically of
care to the ecosystems, considering the environmental impact
by of the chemical substances discharged to soils and
drainage systems that is the problematic in Mexicali. In the
last five years, government authorities of this city have
consistently acted, applying administrative and economic
sanctions, without getting any positive result to the three
companies evaluated. Personnel responsible for the evaluated
companies believe that their manufacturing processes are
constantly regulated and not generate any type of
contamination. Thereview of the environmental quality of the
chemical substances used to the electronic products, reguire
of specialized regulations to recycle and elaborate the
confinement’.

Risks of environmental problemsin the populations

The modernization of cities and towns has contributed to
the deterioration of ecosystems, generating a destabilization
of society that sometimes causes some ecological crisis in
populations®. This has contributed to the creation of
environments that impair the quality of aquifers and soils
principaly, due to the dumped of liquid waste of the
electronics industry, without a care in the right environment.
Also, health problems can be caused to the exposition of the
chemical substances discharged. Another important factor is
the disappearance of some species of plants that produce
oxygen (O,, vita to humans), animals that break the food
chain and microorganisms and bacteria which function decay
decaying matter in water, air and soil. This is an unwanted
part of sustainable development, being an important factor
that will continue on the road to an uncertain future for the
new generations to leave and could cause a breakdown of
society and the origin of new diseases, economic decline and
these uncontrollable social problems’. The industrialization
of large cities leads to advance technologically in activities
that develop both industrial plantsand cities®. The pollutionin
aquifers and soils near of the industries evaluated is due to
solid and liquid waste nitrates, sulfides and chlorides mainly
discharged, in groundwater surface and groundwater and
irrigation canals of Mexicali*2. Contamination in soil is also
very detrimental since it not only deteriorates the earth's
surface, but that certain wastes can flow to locations where the
water flows into the ground or underground. Most of the
emissions of pollutants from water, air and soil are
anthropogenic, resulting from the deterioration of the
environment to the generation and spread of diseases mainly
respiratory rate, heart, stomach and intestinal °.
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The natural emission sources such as erosion, drought,
frot and even earthquakes are a consequence of
anthropogenic activities. This contributesto the decline of the
family economy and regions, being necessary the medical
careand low yield intheindustrial operations. Another factor
to take into account is the pollution in the indoor of industrial
plants, are the generation of infections very easily. The
information of the principal air pollutant that is sulfur dioxide
was provided for a specialize equipment used by the
Environmental Monitoring System (EMS), located in a
strategic places in the city™.

Climatic factors

Climate is composed of several parameters, where the
relative humidity (RH) and temperature are the most
important in change of weather and have a negative effect in
the deterioration of soils. These climatic factors are measured
with specialized equipments, which consist of a hygrometer
and thermometer that send the information of valuesto a PC
to be evaluated. Theinformation is organized in hourly, daily,
weekly, monthly, seasonally and yearly periods, to be
correlated to other parameters. Scientiststhat analyze the AC,
consider that the grade of deterioration of soils can be
originated by drastic changesin the humidity and temperature
in certain times of the year™.

Respiratory diseases

The RD, are infectious diseases of the respiratory tract
with lessthan 15 days and sometimes turn into the pneumonia
evolution. This type of diseases, are a mgjor public health
problem, as are the highest morbidity worldwide®. Pneumonia
isamajor complication of IRAS, responsible for a significant
number of deaths. The most important predisposing factors
relate to environmental exposure, individual and social data.
The clinic data was obtained of sample of people from the
public clinic located near of the two companies evaluated.
The analysis consisted finding out the correlation in winter
and summer, between the chemical substances discharged and
the generation and proliferation of respiratory diseases.

1. METHODOLOGY

This study examined the environmental problems of the
industry electronics in Mexicali, and the increase of persons
that suffer of RD, being principally in the winter periods. The
anaysis was made based in two steps, being the first to
evauate the pollution of soil and water levels with the
principal climatic factors as RH and temperature variations
around two companies of the electronics sector to be
correlated with the RD levels. The second step wasto analyze
the pH of soil and water, around the three companies
evaluated in this city and to elaborate an evaluation of soils
with the Scanning Electron Microscopy (SEM) technique to
know their level of deterioration. To thisanalysiswas used the
MatLab software™, where are around of 100 electronics
industries in Mexicai**, and were used the ASTM®,
ASHRAE® and ISO" standards. The evauation was made
from 2018 to 2019. The analysis was made in three steps with
the specialized techniques and equipments as mention next:

1 A mathematical evaluation. It was made near of the
companies evaluated correlated with the climatic factors
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.mentioned above. The industrialization of large cities leads
to advance technologically in activities that develop both
industrial plants and cities. The pollution in aguifers and soils
near of the industries evaluated, is due to solid and liquid
waste of sulfides principally and nitrates with less
concentration level that are discharged from the electronics
industry in groundwater surface and groundwater and
irrigation canals of Mexicali. Contamination in soil is aso
very detrimental since it not only deteriorates the earth's
surface, but that certain wastes can flow to locations where the
water flows into the ground or underground. The analysisin
aquifersidentified..

2. Analysis of deterioration of soils. This step was made
with images of photographs where are observed the chemical
substances discharged in soils, showing the maor
concentration of sulfurs.

3. SEM evduation. SEM anaysis represents the
evaluation of surfaces with microphotographies at surface
levels indicating the grade of deterioration of the soils. With
this evaluation, was determining the chemical agents that are
discharged in the soils.

1. RESULTS

The lack or environmental awareness in people of some
companies, causes some deterioration of the ecosystems and
then can disappears some species of animals and plants and
can originates the climate change. All chemicals dumped by
industries, are going to stop, one way or another to aquatic
and soils of ecosystems, and these can be directly, as seenin
the images of this study, and indirectly, which companies or
industries throw their waste to the ground, where in the rainy
seasons the chemical substances are thrown very far from
companies. It is in this way that aguatic and terrestria
organisms are contaminated by the chemicals discharged
from the electronics industry, and therefore humans consume
contaminated food of animals or plants or are generated the
RD. In this situation, it is necessary that industries have
specialized treatment plants, which are proper management of
their waste. There permissible limits worldwide that refer to
the concentrations of substances discharged by the electronics
industry, where most people can be exposed without adverse
health effects. However, it is recognized that, given the
variability of individual susceptibility, a percentage of the
population in a city such as Mexicali, you may experience
mild discomfort to certain substances or at or below the
threshold limit concentrations and even, to a lesser degree,
may be affected by aworsening of previous conditions or the
occurrence of an occupational disease. Any substance
discharges from industria plants, as is the case of the
electronics industry, and can be sent into the air and remain
suspended in the atmosphere for long periods of time, can be
inhaled by persons, but only particles possess an appropriate
size to reach the aveoli. Also influence its solubility in the
fluids of the respiratory system, which is deposited. The total
amount of a pollutant absorbed through the respiratory tract is
a function of the concentration in the environment, exposure
time and pulmonary ventilation.
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Fig. 1. Evaluation of the negative effect in population and ecosystems next to an electronic industry in Mexicali in the
summer period in 2018 in company 1 as. (a) a correlation analysis of climatic and pollution factorswith respiratory
diseases, (b) chemical substance discharged in soil near of an industry evaluated and (¢) SEM analysis.
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Fig. 2. Evaluation of the negative effect in population and ecosystems next to an electronic industry in Mexicali in the
winter period in 2018 in company 1 as: (a) a correlation analysis of climatic and pollution factorswith respiratory
diseases, (b) chemical substance discharged in soil near of an industry evaluated and (c) SEM analysis.
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Fig. 3. Evaluation of the negative effect in population and ecosystems next to an electronic industry in Mexicali in the
summer period in 2018 in company 2 as: (a) a correlation analysis of climatic and pollution factorswith respiratory
diseases, (b) chemical substance discharged in soil near of an industry evaluated and (¢) SEM analysis.
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Fig.4. Evaluation of the negative effect in population and ecosystems next to an electronic industry in Mexicali in the
winter period in 2018 in company 2 as: (a) a correlation analysis of climatic and pollution factorswith respiratory

diseases, (b) chemical substance discharged in soil

Thefigures 1, 2, 3 and 4 show the degree of deterioration
of the soil next to the two companies evaluated. This caused
serious damage generated by pouring waste chemicals of the
electronics industry. In the four figures, was obtained
correlations between 85%, to 96% as a ratio of the main
climatic variables mentioned, observing as the air pollutant
that generates a greater effect on soil degradation, such as
sulfur dioxide (SO,) and different rates of RD. The SO, is
thrown as chemical waste forms a mass in conjunction with
the blue floor that tends to penetrate aquifers that are
contaminated by this chemical. The RD was increased up to
44 % on the medical care of this type of disease, and were
generated near of theindustrial plants analyzed and spread to
other areas of Mexicali, where sometimes a number of
patients present was attended in a health clinics located in
various areas of the city. The evaluation indicated by the
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near of an industry evaluated and (c) SEM analysis.

temperature levels according to the color of each index
presented in the specified ranges. The analyses of the summer
were in July and winter in December. In the figure 1a was
represented by the analysis of company 1 in the summer
period of 2012, showing the levels of 50 % to 70 % , with
concentrations of 0.013 ppm of SO, and temperature ranges
greater than 45 ° C. The RD indices were generated by about
36 % asamaximum. In contrast to levels of 40 % to 60 % RH,
temperatures below 25 ° C and lower concentrations to 0.003
ppm of SO2, while the RD rates were higher with about 45% .
The highest correlation was 92 % in this figure was a rate of
33 %for ER, with48% RH , 46 ° C for temperature and 0.013
ppm of SO,.
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The nearby clinics evaluated companies, received The figure
1b shows a damaged ground after being poured into it , liquid
wastesfrom Company 1, mainly derived from sulfur to appear
dark blueto react with soil components. Thiswas observed at
6 hours after being thrown these chemicals. The soils were
damaged , and small cracks were generated in these zones,
and this caused them to be infertile and could not grow plants
in them or any kind of grass. After observing this process of
deterioration , assessment of a small section of compressed
soil affected was selected to the SEM analysis in which the
chemical elements were obtained in the test analysis was
performed , with the sulfur to combined with oxygenintheair
near the ground, generating the SO, . Also, were observed in
less concentration, nitrogen oxides, which could be confused
with  those containing soil  from  decomposing
microorganisms. In the SEM micrograph of the micro
products containing sulfur identified mainly by microscopic
analysis are appreciated. The sulfur oxide (SO) is used in
certain  processes in  the electronics industry to
electrochemica attack, to improve electrical and thermal
conductivity in electronic microcomponents. In Figure 2athe
same process devel oped in the previous figures indicated the
winter period in the winter season of 2012 company 1
evaluated, where asmall increase in the percentage of 44 % to
48 % in patient care in ER appeared, with children most
affected. In thiseval uation the highest correlation was 90 %in
the rates of 45 % for RD, 71% RH, 0.07 ppm SO2 and 28 °C
of temperature. The small increase in patient care RD was
mainly due to the combination with the greenhouse effect
presented in the winter. Figure 2b represents an image of
chemical waste dumped in another area close to firm 1 in

more dispersed areas of concentration of SO,, as Figure 1b.
Here as Figure 1b, small cracks are seen quickly soil
deteriorated observed. Figure 2c showsthe microanalysis of a
small section of floor damaged by indicating substances
discharged as Figure 1c, with the highest concentration of
SO,. The Figure 3a corresponding to company 2 in the
summer period of 2012, indicating the higher correlation
analysis of 96% to evaluate rates of 31% for RD, 59% RH, 47
° C temperature and 0.1 ppm of SO,. The RD in this analysis
increased up to 50% of carefor patients of thistype of disease.
to Figure 3b, also observed cracks soil deterioration and
increased concentration in the discharged liquid substances,
sulfur being the major component as in other analysis. Figure
3c shows the SEM microanalysis also indicating the presence
of SO, generated in the company scrapped SO close to the
ground with O,. Figure 4 shows the correlation of 89% with
indices 27%, 47% RH, 28 ° C temperature and 0.0025 ppm of
SO,. In Figure 4b, the highest concentration of waste
discharges observed with cracks in certain sections o the
image, and Figure 4c shows the microanalysis of the presence
of micro-sulfur with SO, as the main compound.

Analysis of pH levelsin soilsand aquifers

Evaluation of pH in underground aquifers, lakes, rivers and
canals near of the companies evaluated, was made. the pH
levelsindicate the grade of acidity or alkalinity, depending the
value of the . Depending the range es mention next, being 0
being 0to 6 asacidity level 7, aswithout acidity and alkalinity
and 8to 14 asakalinity. Tableld showsthe average pH levels
in surface water near of the industrial plants anayzed,
indicating at nearby industrial plants are most affected places.

Table 1. pH levelsin soilsnear of the two companies evaluated (2018-2019)

COMPANIES Company 1 Company 2

1007 250 500 1000 100% 250 500 1000

Spring 4.9 5.2 5.6 6.2 58 3.7 8.2 8.8
Summer 55 54 58 6.3 5.2 53 9.4 8.7
Autumn 5.7 515 5.7 6.5 34 7.1 9.5 85
Winter 51 53 5.7 6.1 5.6 54 34 4.7
Spring 4.7 51 5.7 6.0 7.8 5.6 50 7.7
Summer 50 5.0 5.6 5.6 5.7 9.1 8.2 8.2
Autumn 5.0 5.0 5.6 5.6 5.7 9.1 8.2 8.2
Winter 50 5.0 5.6 5.6 5.7 9.1 8.2 8.2

@Distance in meters around the two industrial plants evaluated to determine the pH levels..

V. CONCLUSIONS

The lack of control of solid and liquid wastes from
industrial plants, and in domestic and commercial activities
are important elements in the climate change, that every day
feel its consequences with natura disasters such as drought,
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frost, earthquakes and drastic changes of climatic and
environmental damage our environment.
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There have been a wide variety of environmental impact
studies with significant results that support the lack of
awareness of environmental care and will generate an
important source of sustainability of human life, animals and
plants. Still, they continue to have problemswith thisanalysis
environment and informs the community and government
authorities and other sectors, it is necessary to consider care
for our environment, and prevent some types of natural
disasters that are the cause of great human and economic
losses. This study shows how it is necessary to control landfill
companies, where the authorities and society play an
important role in the care and preservation of ecosystems, to
avoid environmental problem situations. This leads to the
awareness of personnel involved in the use of chemicals, even
with great control contemplated by the companies, it appears
that continue to discharge such substances that do so much
damage to society and the environment. One proposal was to
design and fabricated an automatic system that has the ability
to detect when chemicals that damage ecosystems and create
diseases, mainly respiratory rate affects both wing world
population to be thrown. This automatic system is in the
period of design and will be fabricated early next year. With
this automatic system will be improve the care of the
ecosystems to Mexicali and other regions.
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