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Resumen 

 

Los aerosoles atmosféricos, una vez que se completa su ciclo en la atmósfera, se 
transfieren a las superficies de la Tierra a través de deposición húmeda y seca. El impacto 
generado por la deposición es relevante ya que podría desequilibrar la composición del 
suelo y convertirse en una fuente de contaminación para el suelo, el agua y los 
ecosistemas terrestres. La presencia de aerosoles en el aire en sí está correlacionada 
con problemas de salud, principalmente del sistema respiratorio y es necesario 
controlarla. La presencia de estos contaminantes del aire ocurre tanto por procesos 
naturales como por actividades antrópicas. Este proyecto tiene como objetivo evaluar 
la caracterización atmosférica del proceso de deposición en la provincia de Imbabura en 
tres lugares estratégicamente elegidos teniendo en cuenta los entornos naturales y 
antrópicos, así como diferentes altitudes. Estos lugares son Ibarra, Yachay y San Antonio 
de Ibarra. Las muestras se recolectaron mensualmente durante un año a partir de 
noviembre de 2018.Estos se filtraron y analizaron tanto la composición soluble como la 
insoluble de las muestras de precipitación. El material insoluble se analizó mediante 
fluorescencia de rayos X, mientras que el material soluble como los aniones se 
determinó mediante cromatografía iónica. Los cationes se obtuvieron mediante un 
analizador de flujo continuo y los metales traza se analizaron mediante espectrometría 
de emisión atómica de plasma acoplado inductivamente. A través de los resultados 
obtenidos, fue posible determinar las diferentes fuentes de contaminación en los 
lugares analizados y las concentraciones de compuestos que podrían ser perjudiciales 
para la salud. 
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Abstract 

Atmospheric aerosols, once their cycle in the atmosphere is completed, are transferred 
to Earth's surfaces through wet and dry deposition. The impact generated by the 
deposition is relevant since it could imbalance the composition of the soil and become 
a source of pollution for the soil, water and terrestrial ecosystems. The presence of 
aerosols in air itself is correlated to health problems mainly respiratory system and need 
to be monitored. The presence of these air pollutants occurs both by natural processes 
and by anthropic activities. This project aims to assess the atmospheric characterization 
of the deposition process in the province of Imbabura in three strategically chosen 
places taking into account natural and anthropic environments as well as different 
altitudes. These locations are Ibarra, Yachay and San Antonio de Ibarra. Samples were 
collected monthly for one year from November 2018.  These were filtered and analyzed 
both the soluble and insoluble composition of the precipitation samples. Insoluble 
material was analyzed by X-ray fluorescence while soluble material such as Anions were 
determined by Ion Chromatography cations were obtained by Continuous Flow Analyzer 
and trace metals were analyzed by Inductively coupled plasma atomic emission 
spectrometry. Through the results obtained, it was possible to determine the different 
sources of contamination in the analyzed places and the concentrations of compounds 
that could be harmful to health. 
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1 TITLE 

Atmospheric deposition in natural and anthropized environments in the north of Ecuador 

2 INTRODUCTION-JUSTIFICACION 

2.1 ATMOSPHERE 

The atmosphere is composed of gases, solid and liquid particles in suspension attracted 

by the Earth's gravity. The atmosphere is approximately 10,000 km thick and distributed 

in layers called exosphere, thermosphere, mesosphere, stratosphere and troposphere 1. 

The troposphere is the lowest layer of the Earth's atmosphere that forms from the Earth's 

surface to the tropopause in it is approximately 80 % mass of the entire atmosphere and 

almost all the water vapor that allows the formation of clouds and rain 2. 

 
Figure 1. Layers of Earth's Atmosphere. Reproduced from 3. 

The main sources of air pollution are natural and anthropogenic emissions. Among the 

most important sources are the emission of fossil combustion, forest fires, volcanic 

eruptions and decomposition of organic matter. In the case of anthropogenic emissions 

are industrial processes, productions of vehicular cement, construction, production of 

biocides and pesticides and mining activities 4. 
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2.2 ATMOSPHERIC AEROSOLS 

Aerosols are small particles that are suspended in the atmosphere; there is a great variety 

of them that differ in their sizes, morphologies and chemical compositions. It’s can use 

as nucleation processes that produce rainfall or interact with radiation 5 6. 

2.2.1 TYPES OF ATMOSPHERIC AEROSOLS 

The particles emitted directly in the atmosphere are called primary particles while those 

that were formed in the atmosphere through the conversion of gas to particle are called  

secondary particles 7. Particles of primary origin come from both natural and 

anthropogenic sources such as fossil fuels, use of pesticides and inadequate treatment 

with industrial effluents 8. While, the secondary components can be generated by a new 

particle formation, particle gas partition or heterogeneous or multi-phase reactions. The 

particles that are generally found in the atmosphere are the particulate material such as 

sulfate, nitrate, carbon monoxide ammonium, sea salt, mineral dust, organic compounds 

and black or elemental carbon as well as the presence of biogenic particles as remains of 

plants and animals 9. 

2.2.2 SIZE OF ATMOSPHERIC AEROSOLS 

The particles can be classified as a coarse, fine and ultrafine fraction. The coarse fraction 

is composed of particles whose diameter is between 2.5 and 10 µm (PM2.5-10). The fine 

fraction is composed of particles whose diameter is less than 2.5 µm (PM2.5) and the 

ultrafine fraction refers to particles smaller than 0.1 µm. Secondary aerosols are usually 

in the fine mode, while primary particles are mostly coarse 10. 

The National Institute of Ecology and Climate Change of Mexico (INECC) presented a 

methodological guide for the estimation of PM2.5 emissions and it mentions research in 

which it has been possible to characterize the particulate material (PM) as shown in the 

Figure 2. 
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Figure 2. Particle material characterization. Reproduced from10. 

It is worth to mention that elemental carbon is one in which only carbon is found in its 

composition while black carbon is an internal mixture of elements and gives soot its black 

color. Both are the result of incomplete combustion of fossil fuels, biofuels and biomass 

11 12. 

While the process of particle formation can be summarized in the Table 1. 

 Types of Particles 

 Ultrafine (PM0.1) Fine (≤ 2.5)  Coarse (PM2.5-

PM10) 

Training 

Processes 

Nucleation of 

atmospheric gases, 

including H2SO4, 

NH3 and some 

organic 

compounds. 

Condensation of 

gases. 

Condensation of 

gases. 

Coagulation of 

small particles 

Gas reaction in or 

on particles. 

Evaporation of mist 

and drops of water 

in which the gases 

have dissolved and 

reacted. 

Mechanical 

processes (pressing, 

grinding, abrasion, 

breaking solids / 

drops) 

Aerosol Evaporation 

Powder suspension 

Gas reaction in or on 

particles 

Table 1. Formation process of particulate matter. Reproduced from 10. 

2.3 WAYS OF DEPOSITION. 

All these type of particles in the atmosphere reach the surface of the earth from wet and 

dry deposition 7. Wet deposition uses rain, snow or mist droplets as a means of transport 

to be incorporated into the surface of the Earth while dry deposition is generated due to 

the effect of gravity or wind. The analysis of samples from dry deposition is more 

complicated because it is more difficult to collect samples from the soil surface and to 

distinguish if it was a product of the deposition or composition of the soil 13. The impact 

PM<10 

iron, aluminum, 
calcium, sodium, 
silica, chloride, 
mineral powder.

PM< 2.5

sulfates, nitrates, 
ammonium, lead, 

cadmium, 
organic carbon, 
black carbon, 

elemental 
carbon.
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generated by the deposition can be relevant since it could unbalance the composition of 

the soil and become a source of contamination for soil, water and terrestrial ecosystems 

8. 

2.3.1 PRECIPITATION 

The precipitation process begins with evaporation in which water passes from a liquid to 

a gaseous state and rises into the atmosphere like a gas. As the saturated air rises, it cools 

and adheres to aerosols such as dust particles, salts, seeds or smoke in the atmosphere 

becoming condensation nuclei. As water vapor condenses, cloud formation begins, they 

heat up and gain weight until it falls to the ground like rain 14. 

In 2017, in Ecuador, an exhaustive analysis of precipitation data has been carried out in 

all the monitors networks that National Institute of Meteorology and Hydrology 

(INAMHI) has corresponding to 2013. Therefore, it has been concluded that there are 

different precipitation trends in the 3 different regions of Ecuador. In the Sierra, the 

months of January to May are where the greatest number of rainfall occurs, while in the 

months of June to August the rainfall is considerably reduced. In the Costa region the 

lack of rain maintained since June until November. While in the Oriente region it is where 

the greatest number of rainfalls occurs throughout the year 15. 

Acid rain 

Acid rain is the precipitation in which a mixture of sulfuric and nitric acids is mainly 

combined 16. The H2SO4 and HNO3 that are generated because SO2 and NO2 oxidize to 

form SO3 and NO3
- and being very reactive, react with water and form H2SO4 and HNO3 

respectively. SO2 and NOx come from anthropogenic and natural sources of 

contamination 17. For rainwater pH=5.6 is considered normal, below of this value is 

consider  presence of acid rain. 18. In this study the possible presence of acid rain in 

Imbabura will be determined from the concentration of NO3
- and SO4

2-. 

Conductivity 

Conductivity is the ionic ability to carry electrical current. In water, ions are responsible 

for transporting electricity. The SI unit for expressing conductivity is the Siemens per 

meter (S/m), measurement of electrical conductivity 19. The conductivity shows the 

amount of dissolved matter in the water. It is gives a notion of the amount of ions in 
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solution such as Cl-, NO3
-, SO4

2-, PO4
3-, Na+, Mg2+ and Ca2+ 20. It is important to consider 

the ranges of water conductivity values. Ultrapure water has a conductivity of 0.055 

µS/cm, drinking water has a conductivity between ( 50 - 500) µS/cm and sea water 50000 

µS/cm 21. 

2.4 EFFECTS OF ATMOSPHERIC AEROSOLS 

The effects of atmospheric aerosols are studied by the relationship that has with factors 

such as health, climate and ecosystems 22. In the case of climate, aerosols can affect it 

through their interactions with radiation and clouds 13. The particles affect the climate 

system by dispersing and absorbing solar radiation and can also act as cloud condensation 

nuclei (CCN) 23.  

2.4.1 EFFECT OF AEROSOLS IN NATURAL ENVIRONMENTS 

In some regions, the development of the ecosystems depends to a great extent on the 

deposition of the particles that are in the atmosphere since these can contribute as 

nutrients for the development of the vegetation. Although it can also have negative effects 

on agriculture since the presence of metal compounds can reduce the yield of crops 13. 

The process in which atmospheric aerosols divert solar radiation can also affect the 

production of crops 24. 

2.4.2 EFFECT OF AEROSOLS ON HEALTH 

The World Health Organization (WHO) shows that in 2012, air pollution resulted in the 

death of 3.7 million people worldwide. The main diseases that were recorded were due to 

a cardio-vascular accident, chronic obstructive pulmonary, lung cancer, ischemic heart 

disease and acute respiratory infection 25. 

When comparing 2012 and 2016, the increase in deaths from obstructive pulmonary 

disease was recorded from 11% to 18%. Respiratory diseases increased from 3% to 18%. 

Stroke increased from 40% to 58% while lung cancer deaths remained at 6% 26 25. In  

Spain it is estimated that 19,940 premature deaths per year related to air pollution 27. Table 

2 shows the common diseases that cause different pollutants.  
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Table 2. Health effects of air pollutants. Reproduced from 28 29 30. 

2.5 SOURCES OF AEROSOL PARTICLES  

The main sources of atmospheric particles can be classified according to their formation 

origin as natural and anthropogenic. Natural atmospheric particles are found in greater 

composition in the atmosphere than anthropogenic but man-made sources represent a 

more significant threat in the short, medium and long term 31. 

2.5.1 NATURAL SOURCES 

Forest fires 

Forest fires are a main source of smoke, SO2 NO2, ozone, particles, CO2 and CO into the 

atmosphere 31. In the same way solid or liquid suspended particles such as soot and other 

volatile organic substances. The size of these particles is in the range of PM10, PM2.5, PM1 

or even of a smaller diameter. All of these compounds can cause cardiovascular and 

respiratory problems 32. Focusing on Ecuador in recent months, when study was carried 

out a series of fires natural and induced have been recorded that have largely affected the 

northern part of the country.  

Pollutants Efects

Cd
2+

, V and  Pb
2+

Renal toxicity Higher frequency of 

arterial hypertension in the adult 

population.

SO2
Irritation of eyes and mucous 

membranes. cardiovascular damage

NO2 Damage to liver, spleen and blood.

Headache, irritability, decreased 

auditory and visual perception. 

Interferes with the transport of O2 by 

hemoglobin.

CO

PM10 and PM2.5

Reduction of lung function: frequency of 

respiratory diseases.

Aggravation of asthma and chronic 

bronchitis.

Early death.

Silicosis and asbestosis.

Cold and asthma exacerbation.

Chronic obstructive pulmonary disease.

Exacerbation of chronic obstructive 

pulmonary disease.

Tubulopathy Anemia Replacement of 

Ca
+2

 in the bones causing decalcification Pb
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Secretary of Risk Management has registered that in 2019 the provinces that report the 

greatest number of forest fires were: Imbabura, Pichincha and Chimborazo. In the 

province of Imbabura, 182 fires had been recorded from July to August, being considered 

the second province with the highest fires after Pichincha in 2019 that has registered 203 

fires. In addition, the report records a comparative analysis that shows that so far last year 

the number of forest fires that were generated in 2018 has already been exceeded. In the 

province of Imbabura, the most affected cantons have been Cotacachi, Otavalo , Ibarra 

and Urcuqui 33. 

 

Figure 3. Forest fires presented in each of the provinces in Ecuador since 07/01/2019. Reproduced from 33. 

Volcanic eruptions 

During the eruptive processes, contaminating particles such as H2O, CO2, SO2, HCl, HF, 

H2, S2, CO H2S and SiF4 are expelled 34. El Reventador is considered one of the most 

active volcanoes in Ecuador. This volcano is located approximately 90 km from Quito, 

between the provinces of Napo and Sucumbíos. This volcano has registered eruptive 

processes in the months of June and August 2019. 35. 

Decomposition of organic matter 

This process involves the decomposition of animals and plants that are deposited in the 

soil as organic compounds. Decomposing plants and animals generate methane and 

hydrogen sulfide 31. 
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Table 3. Main sources of aerosol particles. Reproduced from 31. 

2.5.2 ANTHROPOGENIC SOURCES 

Industrial Process 

Industrial processes involve a series of activities that are carried out to transform the raw 

material and generate it into products necessary to improve and meet the needs of the 

public 36. Industrialization such as cement production buildings and vehicular traffic can 

release toxic substances to the environment. Among the main industrial processes are: 

Cement Production  

In the cement refinery process, the main pollutants are SO2, CO, NOx and suspended 

particles. The cement production process is also linked to combustion processes releasing 

volatile organic compounds (VOCs) 37. An investigation carried out at the National 

Institute of Environmental Engineering Research of India showed that Ca2+, NO3
-, SO4

2−, 

As, Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb and Zn2+ are the main elementary contents of raw 

materials. 38. In the province of Imbabura, Selva Alegre Cement Company is the largest 

cement producer in the northern part of Ecuador. Also there are places where the cement 

is constantly produced, releasing particles in the air. In the Figure 4, we could see where 

are located, these are in all Imbabura province considering as important source of these 

elements. 

Source Main Pollutants

Volcanoes SOx

Forest fires CO2, CO, NOx

Dust storms Particles

Decomposing plants CH4, H2S

Swamps Harmful Gases
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Figure 4. Location of places where the cement worked in Imbabura. Reproduced from 39. 

 

Constructions, and Floor 

Constructions and demolitions originate particles such as aluminum, silica, iron and 

calcium 10. In the case of soils, soil erosion generates dust particles, and these are released 

into the atmosphere by factors such as water and climate 40. 

Vehicular Traffic  

Transport is the main emitter of pollutants such as CO2 from soot ash and solid core 

particles of less than 10 nm to the atmosphere, so in highly urbanized areas there tends to 

be an excessive concentration of this gas. Emissions will depend on the vehicle's 

technology properties of fuels and lubricating oils 41. 

In Ecuador, one of the main pollutants are transport due to the mechanical shortcomings 

that the majority of both public and private have 42. An analysis by the National Transit 

Agency (ANT) show that in 2010 there were two million transport units and that until 

2015 this value increase by 57% 43. 

Table 4 shows a summary of the possible sources of emission of metals and ions detected 

in the atmosphere. 

Metals 

and 

Ions 

 

State 

Posible Source 
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Fe 

 

Fe2O3 Fossil fuels and diesel emissions  and road dust 44. 

 Construction process, demolition by the use of cement 45. 

 

P P2O5 Phosphate fertilizers 46. 

Wastewater 47. 

Ca 
 

CaO Construction process, demolition by the use of cement. 

Contributed by lime 45. 

Soil erosion 

Al  Al2O3 Construction process, demolition by the use of cement, mineral element. 45. 

  

K+ K2O Construction process, demolition by the use of cement 45. 

Soil erosion. 

Organic material. 

Fertile soil composition 48. 

SO4
2-  Volcanic emissions, production of cement or related materials 38. Burnig of fossil 

fuels. 

Ba  BaO Barium is released into the air mainly by the production of paints, bricks, ceramics, 

glass and rubber. It is also issued in the processes of extraction, production of 

compounds derived from barium. Also during the combustion process of coal and 

oil. 49. 

Cd  Cadmium is exposed to the air by extracting non-ferrous metals, it is also used in 

the manufacture and application of specially phosphate fertilizers, and finally it is 

also transmitted in the combustion and incineration processes of fossil fuels. 50. 

V  Continental dust, marine aerosols and volcanic emissions. 

Industrial sources of vanadium are oil refineries and power plants that use fuel oil 

and coal rich in vanadium 51. 

Zn ZnS Mining. 

 Purification of zinc, lead and cadmium minerals, steel production, coal burning and 

waste burning 52. 

Mg MgO 

MgSO4 

Chemical composition of the majority of fertilizers since it generates the green color 

to the plants 53.  

Carbonantes and marine salts 

Na+,Cl- NaCl Marine aerosols. 

Cu CuSO4 Agriculture (Plant diseases, such as mold). 

Water treatment  

Preservatives for wood, leather and fabrics 54. 

Cement Production 38. 

Table 4. Sources of emission of metals and ions detected in the atmosphere. 
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2.6 MONITORING OF AEROSOLS IN LATIN AMERICA 

2.6.1 BOGOTA COLOMBIA 

Bogota, capital of Colombia, a city with approximately 7.413 million inhabitants. At an 

average height of 2625 meters above sea level. Located in the center of Colombia. It has 

a territorial length of 33 km from north to south and 16 km from east to west 55. 

Climatology 

During 2018 on average it was reached at a temperature of 14.5 oC regarding this average, 

an increase of 0.4 to 0.7 oC was seen in the southwest and northwest of Bogotá. While in 

the rest of the city a slight decrease in temperature was measured. With respect to 

precipitation levels, the graph shows that the maximum precipitation levels are shown in 

the first half of the months from February to May that reach 140 mm and in the second 

half in the months of October and November. While in the remaining months levels below 

140 mm were reached 56. 

 

Figure 5. Amount of monthly precipitation in Bogota in 2018. Reproduced from 56. 

Contamination Sources 

A study carried out in 2017 by the University of Huelva identified that the main source 

of PM10 pollutions vehicular traffic because vehicle exhaust emissions and road dust 

emissions are the 50% of the mass of PM10. Other sources of pollution also include the 

associated emissions of gasoline and diesel from vehicles, sources of combustion, 

industrial sources, forest fires, soil erosion and construction activities 57. 
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Air quality monitoring. 

Air Quality Monitoring Network of Bogotá (RMCAB) reports annually on the state of air 

quality in the city. It has 11 stations located in different parts of the city. In the report 

issued in 2018, it shows that two of the stations located in Bogotá show values that exceed 

and are at the limit of the values allowed in the city. Carvajal-Sevillana (CSE) station 

located south of the town of Kennedy, considered an urban area, shows the most worrying 

data because it exceeds the allowed limit of 69 ug/m3 vs 50 ug / m3 allowed for PM10 

emission. Kennedy station (KEN) located more to the center of the town of the same name 

registers a value of 50 ug/m3 of PM10 emission 56. 

A study conducted in 2010, tries to determine the chemical composition and particulate 

material in Bogota, showed the presence of high levels of Al, Si, Ca, Fe and elements 

with lower concentration such as Zn, Cu, Pb. Cations and anions were also determined as 

K+, Na+, NH4 
+, Ca2+, SO4

2-, NO3
- 57. These studies were conducted in two urban areas of 

the city of Bogotá. Figure 6 shows the concentrations of the elements detected in the air 

of Bogotá. The study associates the presence of Al, Si, Ca and Fe from mineral sources 

and Zn, Cu and Pb, to vehicular or industrial sources. 

 

Figure 6. Concentration values of the elements found in Bogota. Reproduced from 57. 

3 PROBLEM STAMENT 
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The process of deposition by both wet and dry roads has direct consequences that affect 

the environment of the ecosystem such as soil, water resources and the climate system. It 

is important to take into account the atmospheric chemical composition, the concentration 

in which they are and the medium in which they are transferred to have a clearer idea of 

the environmental reality in which we live. The important factors to take into account are 

the area of study, altitude and latitude, the climate it possesses and the surrounding 

environment, as well as the degree of urbanization, crop processes and industrialization. 

To date, the characterization and quantification of atmospheric deposition has been 

carried out in specific environments, pursuing specific objectives. A study has been 

carried out in the city of Quito in 2010, but it is a research directed purely to a totally 

anthropized environment. 

 Due to all these arguments, this work is motivated by an urgent need to carry out a 

comprehensive study of the atmospheric contributions that occur simultaneously in 

different microenvironments of a geographical area. 

The present work will allow quantification and chemical characterization of atmospheric 

deposition at 3 strategic points in the province of Imbabura with different natural 

environments, ecosystems, altitudes with diverse land uses, with intense and varied 

anthropogenic atmospheric emissions in certain areas. 

4 OBJECTIVES 

4.1 GENERAL OBJECTIVES 

Perform an analysis of the concentration and composition of the particles that are 

deposited in natural environments and anthropized on Imbabura. 

4.2  SPECIFIC OBJECTIVES 

• To determine the chemical composition of the insoluble part of the rainwater 

samples from different sectors using the dispersive energy X-ray spectrometer. 

• To obtain the chemical composition of the soluble part of the rainwater samples 

from different sectors using Ion Chromatography, Continuous Flow Analyzer and 

Inductively coupled plasma atomic emission spectrometry. 

• To quantify the elements found in the soluble and insoluble part of the rainwater 

samples of each of the chosen sites. 
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• To investigate the possible emission sources of the most outstanding particles 

4.3 HYPOTHESIS 

There are different concentration values and emission sources of aerosols present in 

Ibarra, San Antonio and Yachay due to different human impact and altitude. 

 

5 METHODOLOGY 

5.1 SAMPLING LOCATIONS DESCRIPTION. 

 

Figure 7. Location of rainwater collection samples. Reproduced from 39. 

5.1.1 IBARRA 

Ibarra is located in the province of Imbabura, borders with the province of Carchi, 

Pichincha, Antonio Ante and Urcuqui. Is located in the northern part of Ecuador It has an 

area of 1162.22km2 which 41.68 km2 correspond to the urban area and 1,120.53 km2 to 

the rural area 58. 

 Climatology 
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The city of Ibarra has a mild dry climate, with an average annual temperature of 18 °C. 

The canton has an average temperature of 15.9 °C, in a range of 7 °C and reaches 25 °C 

59.  Dates in 2013 show that rainfall varies between 5.8 and 78 mL. The months with the 

lowest rainfall correspond to the months from June to September 59. 

In order to generate an idea of how precipitation values vary over a year in the city of 

Ibarra, the data collected from INHAMI in 2013 is shown in Table 5. 

 

Table 5. Precipitation values of INHAMI station in Ibarra city 2013. Reproduced from 15. 

 Description of sampling site located in Ibarra. 

The sampling site is located in center of the city of Ibarra, an urban area surrounded by 

houses and buildings and completely exposed to vehicular traffic of the city. The 

geography location of the sampling site is 0.346387, -78.116627 and an altitude of 2215 

mamsl. 

 

Figure 8. Sample collection site in Ibarra. 

5.1.2 SAN ANTONIO 

San Antonio is located 5.50 km from the city of Ibarra, province of Imbabura. It has a 

territorial extension of 29.07km2. The height reached is between 2,040 mamsl and 4,620 

mamsl 60. 

Climatology 

November December January February March April May June July August September October

35,7 22,5 8,8 77 41,2 31,3 78,5 4,5 13,3 12 5,8 42,2

IBARRA-INHAMI (mL)
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Compared to Ibarra, the parish of San Antonio de Ibarra has a cold climate at the top of 

the moorland of 2,800 to 4,620 mamsl and temperate climate towards the center of the 

parish at 2,040 meters at 2,800 meters; It has a rainfall of approximately 600 to 1000 mm, 

its average temperature is 9.8 oC in the upper part and reaches 17 oC in the lower part 60. 

Description location of San Antonio de Ibarra 

The sampling location is located in the sector Angarrumi considered an urban area with 

a geographical location of 0.2992410, -78.1844727 at an altitude of 2765 mamsl. Sector 

is influenced by the presence of vegetation and crop planting. By its geographical location 

it is possible to affirm that it is a little anthropized sector. In its surroundings that mostly 

crops and large green areas are found. 

 

Figure 9. Sample collection site in San Antonio. 

5.1.3 URCUQUI 

San Miguel de Urcuquí, is located in the Province of Imbabura, It have a territorial area 

of 757 Km2. Urcuquí limits to the east and north with the canton Ibarra, to the south and 

southwest with the cantons Antonio Ante and Cotacachi and to the west with the province 

of Esmeraldas. According to its topography, it is between 1,600 meters mamsl and 3,180 

mamsl 61. 

Climatology 

Urcuqui canton has a temperate climate with an average temperature of between 16 oC at 

a height of 1400-3999 Urcuqui canton has a temperate climate with an average 

temperature of between 16 at a height of 1400-3999msnm and 19 in the center of Urcuqui 
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at a height of 1600- 3180 masl. and 19 oC in the center of Urcuqui at a height of 1600- 

3180 masl 61. 

Description location of Urcuqui 

The sampling collection is Yachay Tech University with a geographical location of 

0.403827, -78.172612 and an altitude of 2058mamsl. The collection site is influenced by 

dust particles and building material generated at the site.  

 

Figure 10. Sample collection site in Yachay. 

5.2  SAMPLING METHOD 

The rainwater samples collected were for one year beginning in the month of November 

2018 and ending the month of November 2019. The collection was carried out on the first 

4 days from the month of November 2018. The amount of Sample collected monthly is 

detailed in Table 6. 

The sampling process begins with the collection of samples at the three sites mentioned 

above for one year. Each month, the integrated dry and wet deposition accumulated in the 

collectors was obtained. The collectors are a funnel adapted to a drum as shown in the 

Figure 11. When collecting the drum, distilled water was used to wash the funnel and 

collect the particles that were in the funnel. The surrounding, bottles of main bottle with 

funnel are just used to stabilize and prevent slippery.  Once in the laboratory each of the 

samples were prefiltered with coffee filters to retain the residues that were accumulating 

in the collectors (leaves, arcs etc.). Once these were done, the filtration system observed 

in Figure 12 was used.  
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After the samples were filtered heave quartz fiber filters (45um) to separate insoluble 

material. The filtrate with soluble material were collected and stored at 5oC until 

transferred from Ecuador to Spain for analysis. 

 

Figure 11. Model of Collector sample. 

 

Figure 12. Water filtration system of samples 

6 DESCRIPTION OF THE USED EQUIPMENT 

6.1 X-RAY FLUORESCENCE BY DISPERSIVE ENERGY. 

X-ray spectrometer of dispersive energy is an equipment whose main objective is to 

generate chemical composition data of elements present in samples. The technique he 

handles is not destructive and does not require prior sample preparation. Unlike an X-ray 
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spectrometer the EDXRF incorporates measuring the energy of the characteristic 

radiation that comes directly from the sample. A dispersive energy X-ray spectrometer is 

composed of excitation source, fluorescence radiation detector and multichannel 

analyzer. The quality of the results will depend on the optimal work of these mentioned 

elements 62. 

Initially the primary x-rays of the x-ray tube radiate the sample and excite the fluorescent 

radiation emitted by the sample and is recorded by the detector. The x-ray tubes use high 

voltages and currents of controllable currents in a range of 1 and 50 kV that guarantees 

the excitement of the elements found in the sample.  It is possible to use two types of 

detectors such as semiconductors Si (Li) and HPGe. These detectors need to be exposed 

to liquid nitrogen cooling for use 63. 

The concentration values of the elements are recorded in a spectrum by measuring the 

intensity of the energy associated with each electron transition. In other words the 

intensity of radiation as a function of energy 62. 

 

Figure 13.  Scheme of measurement of EDXRF expectrometer. Reproduced from 64. 

6.2 ION CHROMATOGRAPHY 

Ionic chromatography is a high performance analytical technique for ion determination. 

To carry out the procedure, an eluent and the stationary phase are necessary. A pump is 

used for the continuous flow of the solvent in which it is mixed with the sample. The 

sample will travel through the column in which the ions present in the sample are 

separated depending on the affinity towards the column. Once this is done, they pass 
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through a conductivity detector and depending on the retention time it is possible to 

compare each ions with a reference 65. 

 

Figure 14. Ion Chromatography. Reproduced from 66. 

6.3 CONTINUOUS FLOW ANALYZER 

Continuous flow analysis (CFA), the sample is introduced into a solution that will flow 

through small tubes that detect the components of the sample. A color develops and the 

concentration of the sample is determined 67. 

 

Figure 15. Scheme of measurement of Continuous Flow Analyzer. Reproduced from 68. 

6.4 INDUCTIVELY COUPLED PLASMA ATOMIC EMISSION 

SPECTROMETRY 

It is an analytical method that allows the quantitative determination of trace elements in 

aqueous samples. Initially, the aqueous sample is transported to the peristaltic pump to 

the nebulizer. In this part the sample is transformed into gas. This is transported to the 

ionization zone. In which a plasma is formed by the action of subjecting a flow of argon 
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gas to an oscillating magnetic field induced by a high frequency current. By action of the 

ionization zone the atoms of the sample are excited and when they return to their 

fundamental state they emit characteristic wavelengths for each one. Finally, the detector 

will measure the intensity of the radiation by relating it to the concentration, this for each 

of the elements in the sample 69. 

 

Figure 16 Scheme of Inductively coupled plasma atomic emission spectrometry. Reproduced from 70. 

7 RESULT AND DISCUSSION 

7.1  VOLUME OF THE COLLECTED SAMPLES 

Table 6 shows the volume of samples in mL that was collected month by month from 

November 2018 to October 2019. Some samples could not be collected due to problems 

with the drums. 

 

Table 6. Volume in mL of samples collected in Ibarra Yachay and San Antonio. 

Figure 17 shows the graphical representation of the sample volumes from Table 6. 

Location November December January February March April May June July August September October

Ibarra 4010 144 2486 3685 3220 3750 3700 424 186 310 4995 4068

San Antonio 5610 166 1919 3274 5140 751 355 254

Yachay 6110 640 4972 4306 1180 2570 2150 78 255 300 5540 5647

Monthly Volume of the Samples (mL)
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Figure 17. Graph of the volumes of the samples in Ibarra, San Antonio and Yachay. 

Table 7 shows the amount of rainwater that the collector is able to collect in each month. 

This also depends on the amount of rainfall generated in each month. 

 

Table 7. Amount of rainwater sample collected (L/m2). 

7.2  MATERIAL INSOLUBLE- FILTERS 

The filters with insoluble material of samples collected only from November to June were 

analyzed due the logistic issues.  

 

Figure 18. Filter results of the November, December and January. 

The analysis of the resting samples (July – October) will be performed in near future. In 

the samples, the chemical concentration of Al, Si, Ca, Fe, P, K, Ti, Na, Mg, S, Cl, Sc, V, 

Cr, Mn, Ni, Cu, Zn, Ge, As, Se, Br, Rb, Sr, Y, Nb, Mo, Ag, Te, Ba, W, Pb, Bi were 

analyzed. All results are presented in Annex 1. 
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Funnel Area

Location NovemberDecemberJanuary February March April May June July August SeptemberOctober

Ibarra 81,687 2,933 50,642 75,066 65,594 76,390 75,372 8,637 3,789 62,131 101,752 82,868

San Antonio 114,280 3,382 39,091 - - 66,694 104,706 15,298 7,232 66,062 - -

Yachay 124,465 13,037 101,283 87,716 24,037 52,353 43,797 1,589 5,195 88,511 112,854 115,034

Amount of rainwater sample collected (L / m
2
)

0,047 m
2
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These results were separated in different graphs according to the concentration levels of 

each element for a better appreciation. 

7.2.1 Al, Si, Ca  and Fe. 

Elements of  Al, Si, Ca, and Fe of the insoluble samples were analyzed using the technique 

dispersive energy X-ray spectrometer give the following results. 

 

 

Figure 19. Concentration of Al, Si, Ca, and Fe retained over month from November to June and expressed as mg 

over m2 of recollecting area in each sampling site.  

Ca 
2+

Al

Si

Ca 

Fe

0
2
4
6
8

10
12
14
16
18
20

C
o

n
ce

n
tr

at
io

n
 (

m
g/

m
2
)

IBARRA SAN ANTONIO

0
2
4
6
8

10
12
14
16
18
20

C
o

n
ce

n
tr

at
io

n
 (

m
g/

m
2
)

YACHAY



 

24 

 

 

Figure 20. Concentration trends of selected elements expressed as a mg over m2 of recollecting area. 

Figure 19 shows the concentration values of Al, Si, Ca, and Fe. Concentration values vary 

between 0.18 - 18 mg/m2. In Ibarra concentration values vary between 0.73 - 14.12 

mg/m2. San Antonio concentration values vary between 0.28 – 2.94 mg/m2 and Yachay 

concentration values vary between 0.42 – 18.60 mg/m2.  

At first glance you can see that there is a greater concentration of these elements in Ibarra 

and Yachay. Al, Si and Fe reach higher concentration values in Yachay and Ca in Ibarra. 

Aluminum, Silicon, Calcium, are typical elements of soil materials, construction and the 

earth's crust. This could explain the greater presence of these elements in Yachay because 

it is a site where street improvement works have been carried out. Iron is more related to 

fuel emissions from cars or road dust although it is also part of the cement raw material, 
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although in a lower concentration. The presence of iron in the city of Ibarra could be 

explained because it is a more populated area and affected by vehicular traffic. Iron in the 

cement raw material would explain the presence in Yachay. Although vehicle emissions 

may also have influenced in the presence of iron in the zone by increase in vehicular 

traffic in Yachay because it is a developing area. 

Figure 20 shows trend of each of the elements in the three sites. Aluminum, silicon, 

calcium, iron, cations have a very similar trend line in Ibarra, San Antonio and Yachay, 

This could be associated with the fact that the elements come from the same source of 

origin.  

At first glance it can be seen that the concentrations in the month of November are higher 

compared to December. This could be explained because in this first month the pre-

filtering process with the coffee filters was not carried out. Another aspect that stands out 

in the graph is that there is a high concentration of the elements in the month of February 

in Yachay. It could be due to some gust of wind came out near the sampling site. 

Regardless of the peaks that stand out in the month of November and February, the 

elements are in a range of 0.18 - 4 mg/m2. 

7.2.2 P, K, Na, Mg  

Elements of P, K, Na and Mg of the insoluble samples were analyzed using the technique 

dispersive energy X-ray spectrometer give the following results. 



 

26 

 

 

 

Figure 21. Concentration of  P, K ,Na and Mg retained over month from November to June and expressed as mg over 

m2 of recollecting area in each sampling site.  
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Figure 22. Concentration trends of selected elements expressed as a mg over m2 of recollecting area. 

Figure 21 shows the concentration values of P, K, Na and Mg. The concentration values 

vary between 0.0563 – 10.168 mg/cm2. In Ibarra concentration values vary between 0.09 

– 1.98 mg/m2. San Antonio concentration values vary between 0.03 – 0.88 mg/m2 and 

Yachay concentration values vary between 0.06 – 2.72 mg/m2.  

In general terms it can be seen that the elements have higher concentrations in Ibarra and 

Yachay. 

Potassium is a common element in the raw material of cements, soils and is even used in 

the chemical composition of fertilizers. These emission sources can explain their presence 

at the three sampling sites. 
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Potassium in Yachay is associated construction process, works in the streets that have 

generated wind gusts in the place. Ibarra that presents a significant value of this potassium 

could be due to some of sources similar to those of Yachay. The presence of potassium 

in San Antonio may be due to the organic material of the plants that accumulated in the 

drums. 

Marine aerosols from the seas are mainly a source of Na but also of Mg as MgCl, MgSO4 

are present. Figure 23 shows wind paths from the Pacific Ocean to Imbabura in the 

February month. HYSPLIT database presents the paths with red blue and green lines. 

This could justify the presence of these elements in the three sampling sites. 

 

Figure 23. Wind path that reached Imbabura in the month of February using HYSPLIT 

Although magnesium, being part of the chemical composition of fertilizers that generates 

the green color to the plants, would also explain the presence of this element in San 

Antonio since, as previously stated in the collectors, organic material accumulated. 

Phosphorus comes mainly from organic wastes, fertilizers and wastewater. This is 

consistent with the presence of a high concentration of phosphorus in San Antonio 
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because it is a more natural sector in which agricultural and livestock production uses and 

generates this source. 

Figure 22 shows the trend of each of the elements in the three sites. In this graph you can 

also see that the concentrations in the month of November are higher compared to 

December. As stated earlier it is due to that the prefiltering process with the coffee filters 

were not carried out. In the same way, Na, K, Mg have a high concentration in February 

in Yachay. As already mentioned above it can be the product of gusts of wind that could 

increase the concentration of these elements. 

 

Figure 24. Element flux deposition of select elements in three different sampling site normalized over year and 

expressed as mg element deposited over m2 of recollecting area. 

Figure 24 shows higher concentration peaks of Al, Si, Ca and Fe. It is probably that 

sources of emission of these elements are the most abundant in the part of Imbabura. 

7.3 MATERIAL SOLUBLE – RAINWATER 

7.3.1  pH  

One of the data that was also determined was the pH. The results are shown below. 
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Figure 25. Graph of pH values in Ibarra, San Antonio and Yachay and comparison with SO4
2-, NO3

- and HCO3
-. 

Figure 25 show the pH values of rainwater in each month of the different sampling sites. 

The values range from 6 to 8. This would show that there is no acid rain present in any of 

the 3 sampling sites; rather all the results would show that the samples are alkaline. In 

each of the graphs the pH was related to the emissions of HCO3
-, SO4

2- and NO3
-. In each 

month of sampling, it is observed that while the concentration of emissions increases, the 

pH decreases. This is because there are high concentrations of these emissions; sulfuric 

acid, nitric acid and carbonic acid are formed in the air, which are the main compounds 

that increase the acidity in rainwater. 
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The conductivity values of the soluble samples were determined. The results are shown 

below. 

 

Figure 26. Graph of conductivity values in Ibarra, San Antonio and Yachay and comparation with SO4
2-, NO3

- and 

HCO3
-. 

 Figure 26 show the conductivity values of rainwater in each month and the different 

sampling sites. Values range between (4- 34) (µS / cm). In Ibarra, higher conductivity 

values achieve a range of (7-34) (µS / cm) compared with Yachay and San Antonio. The 

graph would show the relationship between the conductivity of rainwater and the 

concentrations of HCO3
-, SO4

2-
 and NO3

-. As already mentioned in the theoretical section, 

the conductivity is related to the amount of ions dissolved in the water, the graph shows 

that the concentration of nitrate, carbonate and sulfate ions are directly proportional to the 

conductivity values of the collected samples. 
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7.3.3  TRACE METALS (Al, Ba, Cu, Cd, Fe, and V) 

Trace metals Al, Ba, Cu, Cd, Fe, and V of the soluble samples were analyzed using the 

technique inductively coupled plasma atomic emission spectrometry give the following 

results. 

  

Figure 27. Concentration of Al, Ba, Cu, Cd, Fe and V retained over month from November to June and expressed as 

µg over m2 of recollecting area in each sampling site.  
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Figure 28. Concentration trends of selected elements expressed as a mg over m2 of recollecting area. 

Figure 27 shows the concentration values of Al, Ba, Cu, Cd, Fe and V. The concentration 

of Al varies from 34.26 – 231.91 µg / m2, Ba between 22.34 – 351.31 µg / m2, Cu 7.66 – 

162.55 µg / m2, Cd between 4.46 – 23.82 µg / m2, Fe between 2.34 – 70.64 µg / m2 and 

V between 1.04 – 13.19 µg / m2 in Ibarra, San Antonio and Yachay from November to 

June. 
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Ba has a higher concentration value in Ibarra and Yachay compared to San Antonio. Ba 

achieves concentrations of 355.31 µg / m2 and 110.85 µg / m2 respectively. Al presents a 

high concentration in Ibarra in the months of December to March. Cu achieves highest 

concentration in Yachay in the month of June, a value of 162.55 µg / m2. The 

concentrations of Cd, Fe and V not show a great variation in their concentrations. These 

elements range from 1.06 – 23.82 µg / m2. 

As already mentioned above, Al is typical mineral element, materials of soil, construction 

and the earth's crust. This may be associated with the use of sand, gravel and cement used 

by the different block manufacturing centers in the city of Ibarra. 

The presence of Ba is associated with the production of paints, bricks, glass and rubber 

ceramics. This is consistent with the greater presence of this cation in Ibarra than in other 

locations. Ba is an element present in fireworks, which is a common practice in Ibarra at 

Christmas and New Year’s Eve. One of the sources of Cu emission is cement production; 

this could be related to the construction processes that Yachay has carried out. 

The presence of Fe is also seen in the results of rainwater samples, the sources of this 

metal are mainly industrial processes, fossil fuels and diesel emissions, in the same way 

as road dust and is also part of cement raw material, although in lower concentrations. 

The presence of Cd and V by fossil fuel combustion processes. 

Figure 28 shows the trend of each element has had throughout November to June. What 

stand out in the graph are the high peaks that V, Ba and Cu show in March, December 

and June respectively. This could have been generated by some accumulation of these 

elements by factors such as precipitation frequency wind direction among others. 

7.3.4 TRACE METALS ( Zn ) 

Trace metals Al, Ba, Cu, Cd, Fe, and V of the soluble samples were analyzed using the 

technique inductively coupled plasma atomic emission spectrometry give the following 

results. 
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Figure 29. Concentration of Zn retained over month from November to June and expressed as µg over m2 of 

recollecting area in each sampling site.  

 

Figure 30. Concentration Trends of selected elements expressed as a µg over m2 of recollecting area. 
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Ibarra has a concentration in a range of (148.29 - 446.80) µg/m2. Yachay has a 

concentration of (147.87 – 470.21) µg/m2. Compared to Figure 27, that the units are also 

in µg/m2, it would be understood that in Zn it has greater concentrations than Al, Ba, Cu, 

Cd, Fe, V.  

Previously it was mentioned that Zn can be released due to cement production processes 

since it is one of the main elementary contents of the raw material. But one of the causes 

that could have caused the Zn concentrations to be so high in each of the months is the 
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Urcuqui. This mining exploitation has been taking place since the first months of 2018. 

and was controlled in July 2019. 

Figure 30 shows a clear trend in each of the sites. In the months of January and February 

a displaced relationship is seen. This could be the cause of factors such as wind. 

7.3.5 IONS (Mg2+, K+,Cl-, Na+) 

Ions Mg2+, K+, Na+ were analyzed using Continuous Flow Analyzer while Cl- was 

analyzed with Ion Chromatography. These ions give the following results. 

 

 

Figure 31. Concentration of K+,, Mg2+, Cl- and Na + retained over month from November to June and expressed as mg 

over m2 of recollecting area in each sampling site. 
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Figure 32. Concentration trends of selected elements expressed as a mg over m2 of recollecting area. 
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  In the San Antonio chart, the values vary from (1.48 – 34.68) mg /m2 of this graph. It is 

important the high concentrations of Mg2+ and Cl- in the month of June. Also is possible 

to appreciate a high concentration peak of Na+ in the December month. 

Figure 32 shows the tendency of each of the ions in each of the sites, although there is 

variation in its concentrations, K +, Cl-, Na + follow a trend while Mg2+ does not show that 

it follows a clear trend. 

The significant presence of Mg2+ may be due to the importance of these elements in 

agriculture.  

 Marine aerosols are primarily responsible for the emission of Cl- and Na+ because they 

are the main elements present in ocean water. It is also important to consider wind speed 

and direction and the transport of air masses.  

Figure 33, Figure 34 shows  the influence of the air masses and the wind routes that come 

from the ocean in the February and march months that would be in accordance with the 

results that were previously shown in the Figure 31 in which there is a greater presence 

of Cl- and Na + in the three different sites. 

 

Figure 33. Wind path that reached Imbabura in the month of March using HYSPLIT  71. 
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Figure 34. Wind path that reached Imbabura in the month of February using HYSPLIT 71. 

7.3.6 HCO3
-, SO4

2-  

Ions of HCO3
- and SO4

2- the soluble samples were analyzed using the technique Ion 

Chromatography give the following results. 
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Figure 35. Concentration of HCO3
- and SO4

2- retained over month from November to June and expressed as mg over 

m2 of recollecting area in each sampling site. 

 

Figure 36. Concentration trends of selected elements expressed as a mg over m2 of recolleting area. 
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in comparison with SO4
2-. In Ibarra it reaches a high concentration of 404.25 mg/m2 in 

the month of March. In San Antonio it has a concentration of 191.48 mg/m2 in the month 

of June and Yachay reaches a concentration of 276.59 mg/m2 in the month of June. 

Figure 36 show the tendency of HCO3
- and SO4

2-. Sulfate shows a very clear trend in 

which we could say that the emissions come from the same source while the bicarbonate 

does not show a clear trend. 

In the case of SO4
2- it is mainly due to volcanic emissions, production of cement or related 

materials and vehicular traffic. The graph shows greater concentration in Ibarra as it is a 

site influenced by the population and industrial processes. In comparison with the three 

sites, the city of Ibarra is more affected by sulfate. 

The presence of HCO3
- may be a consequence of CO2 in the atmosphere by natural and 

anthropogenic emission sources. No environment will be free of CO2. This pollutant when 

reacting with water forms carbonic acid and this will dissociate into hydrogen ions and 

bicarbonate ions.  

𝐶𝑂2(𝑔)  𝐶𝑂2(𝑎𝑐) 

𝐶𝑂2(𝑎𝑐) + 𝐻2𝑂(𝑙𝑖𝑞) 𝐻2𝐶𝑂3(𝑎𝑐) 

𝐻2𝐶𝑂3(𝑎𝑐)  𝐻(𝑎𝑐)
+ + 𝐻𝐶𝑂3

− 

The Figure 35 shows a greater presence of the bicarbonate ion in Ibarra and Yachay, 

because they are more affected by pollution sources than San Antonio, which we consider 

to be a less anthropogenic sector. 
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Figure 37. Element flux deposition of select elements in three different sampling sites normalized over year and 

expressed as µg element deposited over m2 of recollecting area. 
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Figure 38.Ions flux deposition of select ions in three different sampling site normalized over year and expressed as mg 

element deposited over m2 of recollecting area. 
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The results showed that the concentrations of these metals were minimal. But it would be 

important to keep them in mind for future analysis, especially in the study of the 

toxicology of these heavy metals. 

8 COMPARATION WITH BOGOTA 

In order to determine the state of pollution that we have in Ibarra, we have seen the need 

to determine a comparison with the city of Bogota. Much more populated than Ibarra but 

with geographical and climatic parameters that will allow comparison between these two 

cities. 

Parameters Ibarra Bogota 

Weather Average of 15.9 oC Average of 14.5 oC 

Population 139.721 7,413 millons 

Altitude 2215 mamsl 2625 mamsl 

Zone Urban Urban 

Precipitation level 

High level of precipitation:  

February to May and October to 

November 

Low level of precipitation: 

January, June, July, August and 

September. 

High level of precipitation:  

February to May and October 

to November 

Low level of precipitation: 

January, June, July and 

August 

Contamination 

Source 

Vehicular traffic, emissions of 

gasoline and diesel from 

vehicles, sources of combustion, 

industrial sources, forest fires, 

soil erosion and construction 

activities  

Vehicular traffic, emissions of 

gasoline and diesel from 

vehicles, sources of 

combustion, industrial 

sources, forest fires, soil 

erosion and construction 

activities  
Table 8. Comparation of parameters between Ibarra and Bogota. 

As shown in section 4.6 of Bogotá, a study determined a high presence of Al elements. 

Si, Ca, Fe and K. In the Ibarra graphs presented in the results, high concentration peaks 

of these elements can also be seen. These traces determined in both Ibarra and Bogotá 

would be associated with the same sources of pollution associated with the presence of 

mineral elements and vehicle emissions. These main sources of contamination have been 

detected in both Ibarra and Bogotá. 

9 CONCLUSIONS  

Ibarra, San Antonio and Yachay all belonging to the province of Imbabura were chosen 

to be able to determine the levels of anion cations and elemental trace, taking into account 

their natural environment location and activities that are carried out in the three different 
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sites. Ibarra considered as a rural area with a greater population than the three cities. 

Yachay as a developing city and San Antonio as a poorly anthropized area. To determine 

the concentration levels, rainwater samples were collected each month during a year 

November 2018 - October 2019. Although the analysis of the last 4 months could not be 

completed, a total of 36 water samples were collected, 12 samples per each site. From 

these samples, it was possible to collect soluble material in the water samples and 

insoluble material in filters. 

The analysis of the filters were carried out using X-Ray Fluorescence By Dispersive 

Energy and for the analysis of water sample  three experimental techniques were applied, 

anions by ion chromatography, cations by means of a continuous flow analyzer and the 

metal traces by atomic emission spectrometry of inductively coupled plasma. At the same 

time pH and conductivity values were evaluated. 

When analyzing the filters of the three places, it can be concluded that there is a higher 

concentration (Al, Si, Ca, Fe) and (P, K, Ti, Na, Mg). This elementary trace showed 

variations in the concentration values in the three sites. The presence of these elements 

suggests the presence of sources of pollution such as vehicular emissions and the presence 

of oxides that would be generated by the construction processes, use of soil cement 

particles. It could also be concluded that the deposition flow increases for (Al, Si, Ca, Fe) 

throughout the recollection time. 

pH values performed on the water samples led to the conclusion that the higher the 

concentration of (HCO3
-, SO4

2- and NO3
-)  pH decreases. That said no values were found 

below 5.6 that would indicate the presence of acid rain. 

The conductivity results show slightly higher values in the city of Ibarra, which would 

indicate a greater presence of ions in that city. These conductivity values are not in the 

range allowed to be considered drinking water. 

Also, from water samples, a high concentration of elemental trace of (Al, Ba, Cu, Cd, Fe, 

V and Z) and ion concentration (Mg2+, K+, HCO3
-, and SO4

2-) were determined. These 

would be associated with the presence of combustion processes, construction processes 

specifically the use of cement and production of ceramics and derivatives. Presence of Cl- 

and Na+ would be associated with the influenced of air masses of marine aerosols from 
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the Pacific Ocean. It could also be concluded that the presence of Zn and HCO3
- as the 

most abundant in the recollecting time. 

To conclude, a study in Bogotá, determined a high concentration of the elements (Al. Si, 

Ca, Fe and K) which compared to the data obtained experimentally also showed a high 

concentration of these elements especially in Ibarra and Yachay. Which would confirm a 

greater presence of these elements in urban than in rural sectors. 

10  RECOMMENDATIONS 

Complete the experimental analysis of the rain samples from the last four months 

corresponding to the month of July, August, September and October to have a better 

picture of the state of contamination. 

Complete the experimental analysis with SEM to have a better perspective on the size of 

particles that are collected in the rainwater samples. 
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Annexes 

 

Figure 39. Results of experimental data of elemental trace and ions of rainwater samples. 

 

 

Figure 40. Results of experimental data of the filters obtained from the samples of the rainwater samples in Ibarra. 

 

FECHA Nombre Muestra CompletoBe (µg/L) Cd (µg/L) Co (µg/L) Cr (µg/L) Cu (µg/L) Fe (µg/L) Hg (µg/L) Mn (µg/L) Mo (µg/L) Ni (µg/L) Pb (µg/L) Sb (µg/L) Se (µg/L) Th (µg/L) Tl (µg/L) U (µg/L) V (µg/L) Zn (µg/L)

09/08/2019 Yachay-1 < 0,05 0,71 0,01 < 0,05 0,61 0,17 < 0,5 < 0,5 0,38 < 0,5 < 0,2 0,09 < 0,5 < 0,05 < 0,05 < 0,05 0,12 8,13

09/08/2019 Yachay-2 < 0,05 0,61 0 0,06 1,8 0,16 < 0,5 0,52 < 0,2 0,52 < 0,2 0,38 < 0,5 < 0,05 < 0,05 < 0,05 0,62 6,95

09/08/2019 Yachay-3 < 0,05 0,72 0,02 0,05 0,66 0,17 < 0,5 0,86 0,28 < 0,5 < 0,2 0,09 < 0,5 < 0,05 < 0,05 < 0,05 0,18 13,9

09/08/2019 Yachay-4 < 0,05 1,12 0,02 0,11 0,93 1,98 < 0,5 1,22 0,31 < 0,5 < 0,2 0,05 < 0,5 < 0,05 < 0,05 < 0,05 0,12 22,1

09/08/2019 Yachay-5 < 0,05 0,36 0,01 < 0,05 0,88 0,29 < 0,5 < 0,5 < 0,2 < 0,5 < 0,2 0,05 < 0,5 < 0,05 < 0,05 < 0,05 0,32 18,4

09/08/2019 Yachay-6 < 0,05 0,52 0,04 < 0,05 1,89 0,32 < 0,5 1,98 < 0,2 < 0,5 < 0,2 0,07 < 0,5 < 0,05 < 0,05 < 0,05 0,12 11,8

09/08/2019 Yachay-7 < 0,05 0,47 0,01 < 0,05 0,37 0,19 < 0,5 < 0,5 < 0,2 < 0,5 < 0,2 < 0,05 < 0,5 < 0,05 < 0,05 < 0,05 0,11 7,72

09/08/2019 Yachay-8 < 0,05 0,83 0,02 0,05 7,64 2,06 < 0,5 < 0,5 0,22 < 0,5 < 0,2 0,22 < 0,5 < 0,05 < 0,05 < 0,05 0,82 29,8

09/08/2019 Ibarra-1 < 0,05 0,48 0 < 0,05 0,52 0,11 < 0,5 < 0,5 < 0,2 < 0,5 < 0,2 0,11 < 0,5 < 0,05 < 0,05 < 0,05 0,1 8,64

09/08/2019 Ibarra-2 < 0,05 0,36 0,01 0,31 2,48 0,7 < 0,5 < 0,5 0,24 < 0,5 < 0,2 0,84 < 0,5 < 0,05 < 0,05 < 0,05 0,97 6,97

09/08/2019 Ibarra-3 < 0,05 0,8 0,01 0,22 1,2 0,51 < 0,5 < 0,5 0,2 < 0,5 < 0,2 0,18 < 0,5 < 0,05 < 0,05 < 0,05 0,26 21

09/08/2019 Ibarra-4 < 0,05 0,5 0,02 < 0,05 1,49 0,07 < 0,5 0,56 < 0,2 < 0,5 < 0,2 < 0,05 < 0,5 < 0,05 < 0,05 < 0,05 0,16 10

09/08/2019 Ibarra-5 < 0,05 0,43 0,09 0,15 2,48 1,48 < 0,5 < 0,5 0,2 < 0,5 < 0,2 0,07 < 0,5 < 0,05 < 0,05 < 0,05 3,73 9,28

09/08/2019 Ibarra-6 < 0,05 0,43 < 0,05 < 0,05 0,38 2,05 < 0,5 1,59 < 0,2 < 0,5 < 0,2 0,08 < 0,5 < 0,05 < 0,05 < 0,05 0,11 17,8

09/08/2019 Ibarra-7 < 0,05 0,45 < 0,05 0,1 0,37 0,59 < 0,5 < 0,5 < 0,2 < 0,5 < 0,2 0,07 < 0,5 < 0,05 < 0,05 < 0,05 0,11 12,3

09/08/2019 Ibarra-8 < 0,05 0,39 < 0,05 0,07 1,3 0,12 < 0,5 < 0,5 0,3 < 0,5 < 0,2 0,21 < 0,5 < 0,05 < 0,05 < 0,05 0,35 20,2

09/08/2019 San Antonio-1 < 0,05 0,43 < 0,05 < 0,05 0,49 1,17 < 0,5 < 0,5 0,26 < 0,5 < 0,2 0,24 < 0,5 < 0,05 < 0,05 < 0,05 0,09 10

09/08/2019 San Antonio-2 < 0,05 0,4 < 0,05 < 0,05 2,16 3,32 < 0,5 1,11 < 0,2 < 0,5 < 0,2 0,33 < 0,5 < 0,05 < 0,05 < 0,05 0,12 11,4

09/08/2019 San Antonio-3 < 0,05 0,44 < 0,05 < 0,05 0,56 1,39 < 0,5 0,68 0,34 < 0,5 < 0,2 0,14 < 0,5 < 0,05 < 0,05 < 0,05 0,05 8,51

09/08/2019 San Antonio-6 < 0,05 0,42 < 0,05 0,3 0,36 1,58 < 0,5 0,67 < 0,2 < 0,5 < 0,2 < 0,05 < 0,5 < 0,05 < 0,05 < 0,05 0,08 20,8

09/08/2019 San Antonio-7 < 0,05 0,44 0,05 < 0,05 0,84 0,53 < 0,5 1,08 0,26 0,62 < 0,2 < 0,05 < 0,5 < 0,05 < 0,05 < 0,05 0,06 19,5

09/08/2019 San Antonio-8 < 0,05 0,21 < 0,05 0,33 1,47 0,93 < 0,5 0,74 < 0,2 < 0,5 < 0,2 < 0,05 < 0,5 < 0,05 < 0,05 < 0,05 0,15 24,1

Area muestreada 12,5664

Masa filtro 24,7 4,6 14 10,3 10,5 1,6 6,9 12,5 3,3 2,8 2,9

Masa total 35,2 4,6 42,2 20,6 34,8 6,2 12,6 12,5 24,8 3,2 19,5

IBARRA1.2 IBARRA2.1 IBARRA3.1 IBARRA4.1 Ibarra5.1 Ibarra6.1 Ibarra7.1 Ibarra8.1 San Antonio 1.1 San Antonio 2.1 San Antonio 3.1

Na 4,322 1,521 2,491 2,28 1,589 0,974 0,993 2,337 0,477 0,533 0,557

Mg 2,842 0,89 1,409 1,207 1,295 0,534 0,524 1,295 0,536 0,427 0,369

Al 22,49 6,198 10,073 9,185 4,396 2,735 3,584 9,153 0,671 1,318 1,189

Si 16,781 6,685 13,576 12,162 14,504 5,572 9,834 14,474 5,856 6,779 5,32

P 0,783 0,688 1,077 0,815 1,358 0,556 0,601 1,965 1,708 1,191 1,179

S 0,977 0,4838 1,299 1,362 1,738 0,5464 0,8162 1,195 1,1125 0,9372 0,7524

Cl 0,5333 0,1125 0,2026 0,1476 0,0946 0,0865 0,0869 0,1693 0,0548 0,0965 0,0301

K 7,413 2,0034 4,653 4,247 3,4926 1,5076 1,7769 3,797 1,6053 1,1098 0,9802

Ca 25,562 5,554 8,626 7,035 4,943 2,1729 2,9142 10,207 2,0643 1,5175 1,0975

Sc 0,1053

Ti 4,151 0,632 1,302 1,108 0,535 0,372 0,468 1,195 0,0563 0,1413 0,0787

V 0,162 0,0208 0,0267 0,038 0,0203 0,014 0,044 0,0127

Cr 0,0812 0,009 0,0098 0,0139 0,0097

Mn 0,8645 0,1487 0,2454 0,1812 0,1165 0,0354 0,062 0,2498 0,0521 0,0356 0,0321

Fe 52,839 7,173 11,742 9,965 5,122 2,2425 3,249 13,284 0,6912 1,4392 1,0352

Ni

Cu 0,2807 0,0713 0,1288 0,1047 0,1295 0,0572 0,0529 0,0713 0,0281 0,0343 0,0376

Zn 0,7326 0,1736 0,2751 0,2438 0,2752 0,1165 0,1697 0,3145 0,1298 0,0918 0,0806

Ge 0,0058

As 0,0328 0,0079

Se

Br 0,0138 0,0068 0,0057 0,007 0,0075 0,0098 0,0069

Rb 0,0721 0,0123 0,0153 0,0185 0,0194 0,0056 0,0059 0,0162

Sr 0,9624 0,1878 0,2209 0,2053 0,1064 0,0534 0,0658 0,2877 0,0161 0,0252 0,024

Y 0,0173 0,0071 0,0089 0,011 0,013

Nb

Mo

Ag 0,441 0,088

Te 0 0 0

Ba 0,763 0,267 0,275 0,234 0,114 0,075 0,145 0,236 0,068 0,048 0,0474

W 0,0486 0,0273 0,0567 0,0381 0,0495 0,0396 0,0598 0,0365 0,0315 0,0238 0,0298

Pb 0,0261 0,0147 0,0173 0,0163 0,0117 0,0082 0,0149 0,0211 0,01

Bi 0,0053
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Figure 41. Results of experimental data of the filters obtained from the samples of the rainwater samples in San 

Antonio and Yachay. 

Area muestreada 

Masa filtro 3,3 2,8 2,9 4,3 6,1 8,6 63,4 0,7 4,6 21,7 8,6 6 3,1

Masa total 24,8 3,2 19,5 13 17,3 8,6 73 0,7 15,6 40 8,6 6 3,1

San Antonio 1.1 San Antonio 2.1 San Antonio 3.1 San Antonio 6.1 San Antonio 7.2 San Antonio 8.1 Yachay 1.2 Yachay 2.1 Yachay 3.1 Yachay 4.3 Yachay 5.1 Yachay 6.1 Yachay 8.1

Na 0,477 0,533 0,557 0,804 1,277 1,55 4,09 0,729 0,558 5,772 3,947 2,787 0,938

Mg 0,536 0,427 0,369 0,43 0,649 0,848 2,506 0,526 0,417 3,281 2,259 1,351 0,638

Al 0,671 1,318 1,189 1,238 2,271 4,214 21,61 2,743 2,665 27,67 19,96 11,363 3,948

Si 5,856 6,779 5,32 6,542 9,51 10,994 20,593 3,204 6,474 16,934 11,349 9,931 6,494

P 1,708 1,191 1,179 1,728 2,798 2,68 0,554 0,636 0,71 0,543 0,431 0,455 1,339

S 1,1125 0,9372 0,7524 1,0497 1,637 1,715 0,634 0,3379 0,7821 0,72 0,436 0,5912 0,4766

Cl 0,0548 0,0965 0,0301 0,0719 0,1006 0,0597 0,1188 0,0986 0,3345 0,2236 0,1302 0,4299 0,0623

K 1,6053 1,1098 0,9802 2,7965 3,3077 1,7811 9,481 1,1113 0,8965 10,168 6,505 3,599 1,5101

Ca 2,0643 1,5175 1,0975 0,9784 1,9822 4,946 22,084 1,5922 1,556 20,908 12,761 7,583 3,0525

Sc 0,1379 0,0952 0,0371

Ti 0,0563 0,1413 0,0787 0,1174 0,1919 0,459 4,45 0,1992 0,2449 3,536 2,032 1,182 0,3488

V 0,0127 0 0 0,0166 0,261 0,139 0,065 0,0294 0,0124

Cr 0,0216 0,0159 0,0718 0,0507 0,0277

Mn 0,0521 0,0356 0,0321 0,0303 0,0501 0,1424 1,244 0,059 0,1162 0,7033 0,4242 0,1794 0,0883

Fe 0,6912 1,4392 1,0352 1,3492 2,1779 5,432 69,58 2,4399 2,966 44,626 24,18 12,256 4,393

Ni 0,0109 0,0207

Cu 0,0281 0,0343 0,0376 0,0231 0,0461 0,0539 0,2698 0,0352 0,0818 0,2344 0,0702 0,1085 0,0408

Zn 0,1298 0,0918 0,0806 0,6183 1,3478 1,993 0,5603 0,0953 0,1138 0,2823 0,2251 0,1726 0,1323

Ge 0,0076 0,0098 0,0091

As 0,0388 0,0181 0,0092 0,0045

Se

Br 0,0098 0,0069 0,0067 0,0057 0,0049 0,0127 0,0059 0,0125 0,0057 0,0066

Rb 0,0098 0,0052 0,1445 0,0058 0,0062 0,0826 0,0399 0,0199 0,0064

Sr 0,0161 0,0252 0,024 0,0251 0,0486 0,1116 1,3838 0,039 0,0343 0,8354 0,3632 0,2289 0,0751

Y 0,0066 0,0062 0,0253 0,0149 0,0091 0,0071

Nb 0,03

Mo 0,51

Ag 0,781 0,423 0,135

Te 0 0 0 0 0 0

Ba 0,068 0,048 0,0474 0,041 0,064 0,13 1,121 0,078 0,058 0,831 0,424 0,263 0,095

W 0,0315 0,0238 0,0298 0,0742 0,096 0,1043 0,0546 0,0375 0,0195 0,0233 0,0171 0,0231 0,0294

Pb 0,01 0,009 0,011 0,0141 0,0084 0,0111 0,0141

Bi 0,0053 0,0061


