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Introduction 

The atmosphere is a complex mix-
ture of gases and other substances that 
provide vital oxygen (Kumar, Tsujimura 
& Suzuki, 2018). The atmosphere plays 
a decisive role in the habitability con-
ditions of the planet, its characteristics 
are not stable, but depend on the activi-
ties developed by the living beings that 
inhabit the Earth. Since man is spread 
across the face of the planet there is no 
activity that does not affect the atmos-
phere in one way or another (El Morabet, 
2019). As cities grow, they begin to suf-
fer a series of environmental problems, 
including air pollution (Bahmankhah 
& Coelho, 2017). Air quality is one of 
the factors of importance in determining 
the quality of life index of an urban cent-
er. An air of low quality is evidenced by: 

little well-being, affectations to nature 
or damage to health (Tang, Chao, Wang 
& Chen, 2016). The latter result to be the 
most important consequence of air pollu-
tion in areas with high population densi-
ty and high presence of productive proc-
esses (WHO, 2008). There are several 
atmospheric constitute that when exceed 
the permissible limits become pollutants, 
resulting in a low quality air (Rahmati 
& Yousefi , 2013). Carbon monoxide 
(CO), formed in industrial processes and 
vehicle emissions, sulfur dioxide (SO2), 
generated in facilities that work with 
fossil fuels, particulate material (PM), 
originating in vehicle emissions, indus-
trial processes, energy generation, and 
nitrogen oxides (NOx), mainly gener-
ated by vehicle emissions and fertiliz-
ers, are part of these components (Park 
& Hwang, 2017). The university popu-
lation becomes a strategic point of this 
research, because Riobamba, located in 
Chimborazo has the two largest univer-
sities in the center of the country, there 
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are four campuses throughout the city of 
these study centers, with around 40,000 
students. Its main effect is to enter the 
respiratory tract so the reason for this 
research is to analyze the concentration 
of NO2 present in the selected domain, 
which is a center of great vehicular 
and pedestrian traffi c at different times 
(Nakashima, Sadanaga, Saito, Hoshi 
& Ueno, 2017). It is important to know 
the mechanisms of formation of this 
gas to be able to measure them through 
environmental liabilities (Borge et al., 
2015) and with the use of technologi-
cal tool, such as geographic information 
systems (GIS) and simulation software 
(PTV VISSIM – PTV VISWALK) that 
works with atmospheric components 
and geographic information system, in 
such a way that they contribute to the 
elaboration of a model that allows hav-
ing a more precise vision of the amount 
of NO2 present in the study area. This 
makes it possible to have a specifi c per-
ception in situ (Nakashima et al., 2017). 
In addition, the relationship between 
the excessive growth of vehicle fl eet in 
the city of Riobamba and the impact it 
is causing on pedestrians, through the 
interpolation of vehicular and pedestri-
an data with the gas concentration data 
measured in the study domain (Mishra 
& Goyal, 2014). Specifi cally, students 
who enter the Edison Riera Rodríguez 
campus of the university every day 
through the main entrance, present an 
obvious direct exposure to this type of 
atmospheric gases, which can cause 
health problems. According to Borge et 
al. (2016), land transport is framed as an 
important source of air pollution, con-
tributing to an immediate impact on air 
quality, mainly in urban areas. Air pol-

lution represents an important environ-
mental risk to health. Elevated levels of 
nitrogen dioxide can irritate the lungs and 
deteriorate lung function, as well as de-
crease resistance to respiratory infections 
(Li, Chyang & Ni, 2018). The irritation 
caused by this pollutant is related to an 
increase in mucus in the upper respira-
tory tract, which can increase respiratory 
infections and exacerbate the symptoms 
of patients with chronic respiratory, asth-
matic and allergic diseases (Schraufnagel 
et al., 2019). In fact, recent scientifi c stud-
ies relate exposure to NO2 with a higher 
incidence of bronchitis, especially in 
elderly and immunosuppressed, as well 
as bronchiolitis in children (Nhung et al., 
2018). Taking into account the problems 
analyzed in terms of the topic of air pol-
lution and highlighting the importance of 
NO2 emissions, it has become a topic of 
global interest, mainly due to the nega-
tive effects that are generated (Grund-
ström, Hak, Chen, Hallquist & Pleijel, 
2015). Therefore, to show a reference 
of environmental contamination point in 
Riobamba is important to implement an 
investigation that highlights the damage 
it causes to society and the environment 
in general. 

Material and methods 

The domain was determined from the 
location of entry and exit routes of vehi-
cular and pedestrian traffi c, establishing 
a study area of 200 m2, in which counts 
were made on the representative days of 
the week, during peak traffi c hours. In the 
same way that the vehicle count will de-
fi ne the strategic points to determine the 
number of people, in the entry and exit of 
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the domain, such as areas where the uni-
versity population usually agglomerates 
at certain times, including public trans-
port stops (Jaikumar, Shiva Nagendra & 
Sivanandan, 2017), the counting in each 
one of the selected points was carried out 
simultaneously. PTV VISSIM software 
jointly with PTV VISWALK, allowed to 
virtually locate the study domain with all 
the components that are part of it, such as 
sidewalks, roads, public transport stops 
and confl ict areas, e.g. zebra crossings 
and intersections (Park & Hwang, 2017). 
For the determination of NO2 concen-
trations, the methodology of Borge et 
al. (2015), which establishes the use of 
triethanolamine (TEA) as an absorbent 
medium, in such a way that passive can 
be prepared, the diffusion tubes or pas-
sive samplers consist of small plastic 
tubes containing TEA to absorb NO2 to 
be measured from the air directly (Glar-
borg, Miller, Ruscic & Klippenstein, 
2018). They have an opening at both 
ends and their respective lids, and two 
stainless steel screens or grilles located 
at the closed end of the tube impregnated 
with a base of water or acetone in solu-
tion with the absorbent (Villanueva & 
Dosal, 2008). 

The polypropylene tube has two 
open ends in such a way that the stain-
less-steel grids are placed at any of the 
two ends with the help of a clamp to 
subsequently apply the TEA (Guo et 
al., 2016) established that the minimum 
and ideal exposure time is 6.2 days and 
should not exceed 4 weeks since the life 
of the absorber is relatively short, in this 
case it was decided to expose them for 
6 days and 12 h. At an established sam-
pling time of 6 days and 12 h, in the en-
trance to the east parking of the National 

University of Chimborazo (UNACH) in 
Riobamba, the environmental liabilities 
were located with a variation of height, 
located as follows: 2, 2.5 and 3 m. For 
6 days and 12 h, 30 environmental li-
abilities were located on power lines and 
bars that border the campus, along the 
domain and its surroundings on Antonio 
José de Sucre avenue. Once the exposure 
period had elapsed, environmental liabil-
ities were taken to analyze the samples 
in the spectrophotometer (Chen, Xie, Ma 
& Chen, 2018). Previously, each one of 
them introduced a volume of the color 
reagent mixture that allows the nitrites to 
be revealed and read by the team.

The concentration of ambient NO2 
generated from the methodology of 
Borge et al. (2015), allowed to generate 
an MS Excel matrix with said data in or-
der to interpret them in GIS by means of 
maps or models that contain the gas con-
centration along the area that makes up 
the study domain. The information gen-
erated from the simulations is a software 
tool for the microscopic and multimodal 
simulation of traffi c PTV VISSIM and 
PTV VISWALK, could be interpreted 
by a geographic information software, 
allowing the assembly of the same on a 
map of the domain. Thus, facilitating the 
interpretation of the obtained data.

Results and discussion

The domain was defi ned and the en-
trances and exits of vehicles were identi-
fi ed (Fig. 1). The domain is comprised 
by the track section of Antonio José de 
Sucre avenue that crosses in front of 
the main entrance to the campus. In this 
way, the experimental vehicular capac-
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ity campaign was allowed to determine 
the number of vehicles circulating in the 
study domain. Entrance to the Edison 
Riera Rodríguez campus of the UNACH 
allows to appreciate the points consid-
ered for vehicular and pedestrian count-
ing (Fig. 1).

When making a comparison referring 
to the days of vehicle counting, it was 
obtained that on Tuesday, 21 November 
of 2018, the hour of greatest vehicular 
traffi c was in the morning hours, while 
on Saturday, 28th October of the same 

year. The hours with the highest traffi c 
are in the night time. In both cases, the 
sedan-type vehicle had the highest inci-
dence (Table 1).

In the second point the schedule with 
the highest vehicular affl uence was from 
12:55 to 13:10 on Tuesday, 21st Novem-

ber for the departure of students from 
the university, and from 5:55 to 18:10 on 
Saturday, 28th October, for the vehicles 
that enter the mall (Kumar et al., 2018), 
with a presence of more sedan vehicles 
(Table 2).

FIGURE 1. Study area and sampling points

TABLE 1. Sampling point 1 

Vehicle type
Tuesday, 21st November Saturday, 28th October 

6:55–7:10 12:55–13:10 17:55–18:10 6:55–7:10 12:55–13:10 17:55–18:10
Sedan 304 150 154 42 146 147
Suv 55 37 42 7 50 41

Pick-ups 60 48 47 30 49 50
Buses 5 7 5 3 9 7
Trucks 8 4 14 7 6 3

Motocycles 12 7 11 1 4 25
Total 444 253 273 90 264 273
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On Tuesday, 21st November, the hour 
of greatest vehicular traffi c was in the 
morning schedule, while on Saturday, 
28th October, the schedule with the high-
est vehicular traffi c was in the afternoon 
schedule. In both cases, the sedan-type ve-
hicle had the highest incidence (Table 3). 

Based on a comparative analysis be-
tween the days of pedestrian capacity, 
Tuesday and Saturday, the fi nal result was 
that, on Tuesday afternoon there was a 
higher incidence of pedestrians (Table 4),
mainly due to the students’ entry into 
their academic activities (Mishra & 
Goyal, 2014). The route with the high-
est pedestrian attendance was the side-

walk coming from the city center to the 
UNACH. Simulation through PTV VIS-
SIM. The results corresponding to the 
gauges, allowed to design a model simi-
lar to that indicated in Figure 1 with the 
characteristics of vehicular and pedes-
trian behavior within the domain. Being 

a simulation tool, it allows to establish 
a relationship between the presence of 
vehicles and the concentration of NO2 
(Bahmankhah & Coelho, 2017).

PTV VISSIM allowed the assembly 
of satellite images, on which it was pos-
sible to design the vehicular and pedes-
trian areas, roads, sidewalks, at the same 
time it was necessary to introduce the 

TABLE 2. Sampling points 2

Vehicle type
Tuesday, 21st November Saturday, 28th October 

6:55–7:10 12:55–13:10 17:55–18:10 6:55–7:10 12:55–13:10 17:55–
–18:10

Sedan 81 96 67 71 91 103
Suv 25 43 17 14 17 30

Pick-up 37 42 42 44 22 36
Buses 5 5 4 9 4 4
Trucks 1 5 4 6 8 2

Motocycles 2 3 7 6 8 4
Total 151 194 141 150 150 179

TABLE 3. Sampling point 3

Vehicle type
Tuesday, 21st November Saturday, 28th October 

6:55–7:10 12:55–13:10 17:55–18:10 6:55–7:10 12:55–13:10 17:55–18:10
Sedan 54 12 12 1 10 10
Suv 5 9 3 0 3 3

Pick-up 8 2 1 0 3 1
Autobuses 0 1 0 0 0 0

Trucks 1 1 0 0 0 0
Motocycles 1 1 1 0 0 0

Total 69 26 17 1 16 14
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information generated from the counting 
campaigns to allow the software to sim-
ulate the behavior of these parameters 
(Sadat, 2017).

As shown in Figure 2, as the simu-
lation develops the interactions between 
vehicles are more evident (Yao et al., 
2015) it is possible to identify an accu-
mulation of these in front of the entrance 
to the campus, situation that could be re-
lated to the concentration of NO2. 

The results generated after the simu-
lation have computer features that were 
easily recognized by EnVIVER software. 
By means of an interpolation between 
emission factors (Margreiter, Krause, 
Twaddle & Lüßmann, 2014) established 
according to the type of vehicle, type of 
fuel, circulation speed graphs the behav-

ior of the NO2 gas in the area of the do-
main and based on the data generated by 
PTV VISSIM know that the presence of 
the gas according to the schedule (high-
er: Tuesday 7:00, lower: Saturday 7:00) 
(Sanchez et al., 2017). The area gener-
ated by EnVIVER software in front of 
the main entrance of the campus. The 
highest concentrations are generated in 
the circle due to the greater vehicular ac-
cumulation in the area.

In order to corroborate the informa-
tion generated by the models, an experi-
mental campaign was carried out to im-
plement environmental liabilities for the 
determination of the ambient NO2 con-
centration (Ji, Bai & Crocker, 2015), it 
was propitious to determine the height of 
the same, and by means of a test carried 

TABLE 4. Pedestrian counting results

Gauging point
Tuesday, 21st November Saturday, 28th October 

6:55–7:10 12:55–13:10 17:55–18:10 6:55–7:10 12:55–13:10 17:55–18:10
Point P1 251 282 169 6 12 3
Point P2 44 79 10 1 2 0
Point P3 217 46 46 10 0 4
Point P4 13 156 72 5 7 2
Point P5 62 60 41 16 7 1

FIGURE 2. Interface, PTV VISSIM, entry of vehicular and pedestrian data
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out at the entrance to the east parking 
lot of the Edison Riera Rodríguez cam-
pus of the UNACH. The result was that 
the environmental liability with the best 
catchment results was located at a height 
of 2 m. 

Calibration curve

It is essential to perform the calibra-
tion curve. This method is widely used 
in analytical chemistry to determine the 
concentration of a gas in a sample. In 
this case triethanolamine is important 
because the solution measures the ab-
sorbance and by the calibration curve it 
is possible to determine the concentra-
tion of NO2. 

According to the value expressed by 
R2 (Fig. 3), this being greater than 0.95, 

the calibration curve is accepted (Kumar 
et al., 2018), and the equation that allows 
the calculation of the concentration of 
each environmental liability exposed in 
the study domain.

Concentration of NOx in exposed 
environmental liabilities

After the exposure period, 27 envi-
ronmental liabilities were analyzed in the 
spectrophotometer obtaining the follow-
ing information: out of a total (27) six 
are exposed, the same ones that frame 
two values of higher concentration, two 
values of average concentration and two 
values of low concentration. Values of 
NOx concentration obtained vary be-
tween 1.217 and 0.209 (Table 5).
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FIGURE 3. Calibration curve of NO2

TABLE 5. Concentration of NOx 

Liability
Coordinates Absorbance 

[nm]
Concentration of 
NOx  [μg·ml–1]X Y

3 762 078.18 9 817 065.51 0.166 1.217
25 762 109.89 9 817 150.88 0.152 1.113
14 762 183.45 9 817 230.56 0.076 0.550
19 762 214.79 9 817 361.26 0.072 0.520
6 762 089.89 9 817 081.41 0.046 0.328
13 762 179.21 9 817 208.97 0.030 0.209
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Concentration of ambient NO2 

The concentration of nitrites obtained 
in the previous section allowed to gener-
ate values corresponding to the mass of 
nitrite captured within each environmen-
tal passive and in turn the concentration 
of ambient NO2.

Values of ambient NO2 concentra-
tion fl uctuate between 12.283 and 2.109 
μg·m–3 (Table 6), being the result of 156-
-hour exposure of environmental liabili-
ties at a 2 m height throughout the study 
domain with a constant vehicular fl ow. 
The liability located in point 3 shows the 
highest concentration due to its location 
at the entrance to the university, where 
the vehicles stop and congestion is gen-
erated in the area, producing higher NO2 
emissions (Guo et al., 2016).

Maximum allowed limit

When comparing the concentrations 
of ambient NO2, for the liabilities with 
the high, low and intermediate values 
of said concentration, it is observed that 
they remain below the maximum allow-
able of 40 μg·m–3 (WHO, 2018). Up to 
28 units below the highest recorded con-
centration and to 38 units below at the 
lowest recorded concentration, as shown 
in Figure 4.

Generation of concentration maps 

After obtaining the concentration of 
ambient NO2, geographic information 
systems were used in order to process 
the information of each passive and in-
terpolate it throughout the domain. The 
concentration of ambient NO2 distrib-
uted throughout the domain shows that 
the section of track with direction the 
UNACH – center, maintains higher con-
centrations. For this reason, pedestrians 
using the sidewalk located in this area 
are exposed to them.

PTV VISSIM simulation

After processing the information 
generated in the simulation, it was pos-
sible to predict the areas with the highest 

concentration based on vehicular behav-
ior, thus obtaining a NOx concentration 
map (Fig. 5). The prediction made by 
PTV VISSIM and expressed through a 
map of NOx concentration is similar to 
the map generated after the interpolation 
of the results of each environmental pas-
sive, allowing to corroborate the reliabil-
ity of both processes.

TABLE 6. Concentration of ambient NO2

Liability Concentration 
[μg·ml–1]

Nitrite mass 
[μg]

Concentration of ambient 
NO2 

[μg·m–3]
3 1.220 3.650 12.283
25 1.113 3.340 11.236
14 0.550 1.650 5.550
19 0.520 1.561 5.251
6 0.328 0.983 3.306
13 0.209 0.627 2.109
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Conclusions

The results presented show the ver-
satility and usefulness of passive moni-
toring for the quantifi cation of atmos-
pheric gas concentrations, in this case, 
NO2, in the different monitoring sta-
tions. Through the use of NO2 sensors to 
determine the concentration in the study 
area, it was possible to determine the ex-
isting variation according to the points at 
which the environmental liabilities were 
located. Evidencing a fl uctuation of NO2 
concentrations ranging from 0.209 to 
1.22 μg·ml–1. The maximum concentra-
tion of NO2 that was obtained generated 
a value of 12.38 μg·m–3, this value is 

below the permissible limits, in such a 
way that it is possible to determine that it 
does not signifi cantly affect the air qual-
ity in the area of study accord to Tang 
et al. (2016). Considering the results 
obtained, we mention the highest value 
of NO2 ambient concentration which is 
considered optimal for the passers-by’s 
breathing, that is to say that it does not 
generate a greater risk when in contact 
with it. This value comes from the sam-
plings made with the environmental pas-
sives in different points, 12.38 μg·m–3, 
the same one that is below the permis-
sible limits, which determines that it is 
totally adequate and breathable. Tech-
nological tools such as PTV VISSIM, 

FIGURE 4. Comparison between average and maximum allowed concentrations
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PTV VISWALK and GIS made it pos-
sible to determine that on the pavement 
with the city of Guano to the city of Ri-
obamba direction the concentrations are 
clearly accentuated in relation to the av-
enue with Riobamba to Guano direction, 
due to the acceleration and deceleration 
of vehicles since here there is a variation 
in the combustion processes of vehicles 
according with Chen et al. (2018). When 
the vehicle decelerates, it emits a greater 
amount of NO2 and when it accelerates, 
the amount of gas emission decreases.
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Summary

Determining NO2 immission levels in 
a confl icted area: Riobamba, Ecuador. Ri-
obamba has areas with high vehicular infl u-
ence. For the determination of nitrogen dioxide 
concentrations, passive samplers were used, 
which were placed at points throughout the do-
main. The concentrations obtained in the fi eld 
were interpolated with the information gener-
ated with the model traffi c emissions software, 
estimating the relationship between vehicular 
traffi c and the presence of gas. Allow to know 
the amount of pollutants that breathe about 250 
pedestrians on average in the area. 
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