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Abstract: Levels of BTEX (benzene, toluene, ethylbenzene, and p-xylene) were determined in ambient
air of an urban site located at the center of Mexico (Leon City in Guanajuato State) during two climatic
seasons of 2018 (summer and autumn). Ethylbenzene (11.86 pg m~2) and toluene (11.85 ug m~3)
showed the highest median concentrations during the study period. BTEX concentrations did not
show a diurnal pattern but a seasonal trend was observed for benzene and toluene at a significant
level of o« = 0.05. Bi-variate and multivariate analysis showed significant positive correlations (at
a = 0.05) among BTEX (excepting benzene), indicating common sources for toluene, ethylbenzene,
and p-xylene and a different origin for benzene. A meteorological study was also conducted in order
to determine the origin of air masses that could influence the BTEX concentrations in the study site.
Finally, it was found that all BTEX species presented hazard quotient values (HQs) <1, indicating
that there is no risk of non-cancer during the studied period. Lifetime cancer risk due to benzene
exposure for the adult and child populations studied were estimated to be 7 in 1,000,000 and 1 in
100,000, respectively.

Keywords: BTEX; air quality; health risk; Leon; Mexico

1. Introduction

Air quality in urban areas can be degraded by the presence of different types of air pollutants
that, depending on their concentrations and toxic potential, may affect the health of the population [1].
Sources of these air pollutants include the use of solvents, vehicular traffic, biomass burning, oil
and gas combustion processes, forest fires, and industrial emissions, among others [2]. Atmospheric
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monitoring is one of the main indicators of air quality, in addition to being a management tool for
implementing prevention and control actions in order to protect the population’s health [3]. Air
pollutants are typically classified as Particulate Matter (PM10 and PM2.5) and gaseous pollutants.
Gaseous pollutants include sulfur dioxide (SO;), carbon monoxide (CO), nitrogen dioxide (NO5),
organic compounds (VOCs), and ozone (O3), among others. These compounds (excepting VOCs) are
considered criteria air pollutants and are regulated through national standards that establish their
maximum permissible levels in ambient air in order to protect human health. A category of polluting
substances of increasing importance in recent decades are volatile organic compounds (VOCs), which
are usually hydrocarbons in gaseous state at room temperature. They are released by burning fuels such
as gasoline, wood, coal, or natural gas, and from the evaporation of solvents, paints, glues, and other
products used and stored in homes and workplaces. The negative impact of these compounds on
the environment and on the public health has become a matter of concern, since some of them are
carcinogenic and toxic to humans [4,5]. Within the VOCs there is a subgroup called BTEX, which
includes benzene alkyl-derivatives (benzene, toluene, ethylbenzene and xylenes). In the atmosphere,
BTEX are mainly degraded by photolysis and/or chemical reactions with reactive species such as
OH radical (daytime reactions) and nitrate radicals (nighttime reactions). In both reactions, free
radicals such as organic peroxy (RO,) and hydroperoxy (HO,) are formed, which favor the formation
of NO in NO,, contributing to increased tropospheric ozone. On the other hand, BTEX also play
a very important role in atmospheric chemistry. They are considered precursors in the formation of
other highly oxidizing substances in addition to ozone, such as peroxyacetyl nitrate (PAN), as well
as contributing to the formation of secondary organic aerosols (SOA) [6,7]. These compounds are
known to be toxic. The International Agency for Research on Cancer (IARC) has classified benzene
as “carcinogenic to humans” (Group 1) based on sufficient evidence that this compound causes
acute myeloid leukemia, while toluene has been classified within Group 3 (not classifiable as to its
carcinogenicity to humans) [5,8]. Despite the importance of BTEX in atmospheric chemistry and their
effects on human health, in Mexico there is no regulation that controls their concentrations in ambient
air. Most of the studies about BTEX in ambient air as well as the establishment of control policies of
these pollutants have been focused on the metropolitan area of Mexico City and there are not enough
studies about these pollutants in other metropolitan areas of Mexico.

This study is focused on one of the most important urban and industrial areas in the central
region of the country, Leon, located in Guanajuato state in central Mexico. Leon belongs to Group 2
(metropolitan areas and cities with more than 1 million and less than 4 million inhabitants) and is one
of the five most important municipalities in the state of Guanajuato. Additionally, according to the
National Institute of Statistics, Geography and Informatics (INEGI) [9], Leon is the most populated
municipality in the state and represents an important health care center (high specialty and diagnosis
center), where higher education and research institutions are also located, and where industrial,
business, and tourism activities are carried out. The present work addresses air quality, considering
criteria pollutants and BTEX concentrations, in the urban-industrial site of Leon city during summer
and autumn 2018.

2. Materials and Methods

2.1. Monitoring Site

Leon, Guanajuato is located at 21°07’11” N and 101°40’50” W. According to the 2015 census
survey [6] it has a population of 1,578,626 inhabitants with a population density of 191 people/km?,
making Leon the most populous city in the state. This municipality is part of the Metropolitan Area
of Leon, which together with the surrounding municipalities (Silao de la Victoria, San Francisco del
Rincon, and Purisima del Rincon) forms the seventh largest metropolis in the country. It is a city with
an entrepreneurial vocation—its leadership in the production of leather goods has given it the merit
of being called “The Leather and Footwear World Capital”—but the automotive, mining, and food
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industries have also prospered. For this reason the air quality in the city is expected to be degraded as
a result of urban development.

Samples were obtained at the CICEG monitoring station, part of the Guanajuato state government’s
atmospheric monitoring network (Figure 1). The sampling station is located near industrial areas,
high-density housing, and mixed-use shops and services. Around 82,391 people live in this area,
of which 20,886 (25.35%) are children, and with a high population density of 6556 people/km? in
comparison to that of the entire city.
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Figure 1. Location of the sampling site.

2.2. Sampling Methodology

The BTEX were collected using SKC glass tubes model 226-01 Anasorb CSC (70 mm long, 4 mm
inner diameter), filled with activated carbon and packed in two sections (one with 50 mg and the
second section with 100 mg). Ambient air was passed through the tubes using an SKC vacuum pump
model XR PCXR4 at a flow rate of 200 mL/min, according to the MTA/MA-030/A92 [10]. After each
sampling, the glass tubes were covered in foil and refrigerated for later laboratory analysis. Three
daily samples were taken during a week, in the morning (7:00-8:30 h), during midday (13:30-15:00 h),
and in the afternoon (17:30-19:00 h). Sampling was conducted during two climatic seasons: summer
(6-13 August 2018) and autumn (5-14 October 2018), thus obtaining 48 samples in total.

2.3. Analysis of the Samples by Gas Chromatography—Flame lonization Detection (BTEX Determination)

The content of each of the sampling tubes was poured into 2 mL amber vials and desorbed
with 1 mL of HPLC-grade carbon disulfide, stirring for 5 min to ensure maximum desorption [10].
The vials were kept refrigerated for 24 h, and subsequently analyzed by gas chromatography (GC).
A Thermoscientific brand TRACE GC model gas chromatograph was used, in splitless mode, using
ultra high purity nitrogen as a carrier gas. The capillary column used was of the fused methyl
silica type, with a film thickness of 0.5 um, 30 m long x 0.32 mm in diameter. The samples were
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injected in duplicate and the BTEX measured were quantified by the external standard method, for
which calibration curves were prepared at different concentrations, prepared from standard solutions.
Seven-point calibration (0.10, 1.00, 5.00, 10.00, 20.00, 50.00, and 100.00 pug/mL) was performed using
99.98% Sigma Aldrich analytical reagents. R-square values for all BTEX calibration curves were higher
than 0.998. The method detection limits for benzene, toluene, ethylbenzene, and p-xylene were 0.05,
0.06, 0.06, and 0.05 ug/mL, respectively.

2.4. Statistical Analysis

Descriptive, bivariate (Spearman correlation matrix) and multivariate principal component
analysis (PCA) were performed using the XLSTAT version 2017 software [11]. PCA has been widely
used in environmental studies to identify patterns in the data [12]. PCA results are generally presented
in bi-plots or factor load tables to reveal correlations between observations. The information disclosed
by PCA is useful to identify if a contaminant is secondary or primary, or to identify the specific source
of air pollutants. Non-parametric Friedman tests («x = 0.05) were applied using variance analysis
(ANOVA) in order to determine if there were significant differences between daytime sampling periods
(morning, half day, and afternoon) and between climatic seasons (summer and autumn).

2.5. Meteorological Conditions

Meteorological parameters (temperature, atmospheric pressure, wind speed, wind direction, solar
radiation, and relative humidity) were recorded during the study period by an automatic meteorological
station (from the air quality monitoring network of Guanajuato state). Wind roses were constructed
using the software WRPLOT View Version 8.0.2 2018 (from Lakes Environmental) in order to know the
dominant and prevailing winds during the study period [13].

2.6. Air Criteria Pollutants

Concentrations of the criteria air pollutants CO, NO,, O3, PM10, and SO, were measured during
the study period. Table 1 shows general details of the measurement instruments used to monitor
the criteria pollutants. These data were obtained from the air quality monitoring station shown
in Figure 1 [14].

Table 1. Instrument and measurement characteristics for criteria air pollutants.

Criteria Air Pollutants Instrument Details

Teledyne Model 300E equipment, using the Gas Filter Correlation
Method and certified according to US EPA RFCA-1093-093

Teledyne Model 200E equipment for measuring NO, NO,, and NOy;
Nitrogen Dioxide (NO;) using the Chemoluminiscence Method and certified according to US
EPA RENA-1194-099

Carbon Monoxide (CO)

Teledyne Model 400E equipment, using the UV Absorption Method and
certified according to US EPA EQOA-0992-087

Met One Instruments equipment Model BAM 1020, using the Beta Ray
Dimming Method and certified according to US EPA EQPM-0308-170

Ecotech equipment Model EC9850 A&B series, using Ultraviolet
Fluorescence Spectrometer and certified according to US EPA.

Ozone (O3)

Particulate Matter (PM10)

Sulfur Dioxide (SO,)

2.7. Health Risk Assessment

The health risks (cancer and non-cancer) associated with benzene by inhalation were determined
according to the methodology described by Zhang and collaborators [15]. Daily exposure (E),
the non-carcinogenic risk ratio (HQ), which considers respiratory and cardiovascular diseases derived
from exposure to air pollutants, and the lifetime cancer risk (LTCR) were determined. LTCR represents
the probability of developing cancer during the lifetime of the population of the study area and
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is compared to the U.S. EPA standard of 1 x 107 (1 in 1,000,000 chances of developing cancer in
the lifetime).
Daily exposure (E) was calculated as

E = (C x IRa x DA)/BW 1)

where E is the daily exposure expressed in mg/kg per day of an individual by inhalation and C (mg m~3)
is the concentration of benzene in ambient air. IRa is the inhalation rate, being 0.83 m® h! for adults
and 0.87 m® h™! for children [15], DA is the exposure duration in an outdoor ambient according the
typical activities (light activity: 16 h/day for adults and 10 h/day for children) [16] and BW is the body
weight, being 65 kg for adults and 36 kg for children [17].

The lifetime cancer risk (LTCR) is calculated as

LTCR = E x SF @)

where SF is the slope factor (kg day/mg) of the inhalation unit risk for toxic substances when the
exposure—carcinogenic effect is considered linear (See Table 2).

Table 2. Slope Factor and Toxicity Profile for Benzene.

Air Pollutant  Slope Factor @ (SF) CAS No. Carcinogenicity © Reference

2 The Risk Assessment Information
71,432 Group A System [18]
b EPA Cancer classification [17]

2.9 %1072
(mg/kg/day) ™!

Benzene

The non-cancer risk HQ, also called hazard quotient, was calculated as
HQ = CY/RfC 3)

where CY is the average daily received concentration and RfC represents the inhalation reference
concentration of specific air pollutants [19]. An HQ > 1 indicates that long-term exposure may cause
adverse non-cancer health effects (respiratory and cardiovascular diseases). An HQ < 1 is considered
as acceptable level. The inhalation reference concentrations values (RfC) for benzene [20], toluene [21],
ethylbenzene [22] and p-xylene [23] were taken as 0.03, 5, 1, and 0.1 mg m~3, respectively. The overall
potential for non-carcinogenic effects due to exposure to more than one chemical is determined as
a hazard index (HI), which is the product of the hazard quotients (HQ) of all the individual chemicals.

3. Results

3.1. Diurnal and Seasonal Variation of BTEX and Meteorological Parameters at the Study Site

Descriptive statistics for BTEX during the summer and autumn periods, considering the three
diurnal sampling periods (morning, midday, and afternoon) are presented in Figure 2. The relative
abundance of median BTEX values during the entire study period was the following: ethylbenzene
(11.86 pg m™3) > toluene (11.85 ug m™) > p-xylene (3.31 pg m~3) > benzene (1.73 ug m3). All
measured BTEX showed a clear seasonal trend. Toluene, ethylbenzene, and p-xylene showed the
highest median concentrations during summer season: 15.78 ug m=2, 15.28 jig m=3, and 3.46 pug m=3,
respectively. Benzene had the highest median concentration during autumn (2.633 p1g m=3).
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Figure 2. Descriptive statistics and box plot for (a) benzene and p-xylene concentrations, and (b) for
toluene and ethylbenzene concentrations, during the two climatic seasons and the different diurnal
sampling periods. Note: SU: Summer; AU: Autumn; B1: morning (7:00-8:30 h); B2: midday (13:30-15:00
h); B3: afternoon (17:30-19:00 h). The central horizontal bars are the medians. The lower and upper
limits of the box are the first and third quartiles. Where, + is the mean value; ® represents maximum
and minimum values.

According to the Friedman test, BTEX concentrations did not show a diurnal pattern—statistically
significant differences were absent among the morning, midday, and afternoon sampling periods. The
Mann-Whitney test for seasonal variation revealed significant differences in BTEX concentration in
summer and autumn at a significance level of « = 0.05. This behavior indicates that BTEX concentrations
in the study site were more influenced by local and regional sources (industrial emissions and traffic
intensity) than by photochemical activity. The seasonal and diurnal variation of BTEX levels in urban
areas strongly depend on meteorological conditions, photochemical activity, and source strength. We
found significant differences in wind speed and wind direction between summer and autumn periods,
raising the possibility of sources a little farther away contributing to the BTEX levels. Table 3 shows a
summary of the meteorological parameters found during summer and autumn in the study site.
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Table 3. Summary of the meteorological parameters during summer and autumn 2018 found in the
study site. B1: morning (7:00-8:30 h); B2: midday (13:30-15:00 h); B3: afternoon (17:30-19:00 h).

Climatic Season/ Wind . Relative Solar Barometric
. Wind Temperature P ‘s
Meteorological Speed Direction €0 Humidity  Radiation Pressure
Parameters (km h™1) (%) (Wm™2) (hPa)
Bl 2.3 ESE 13.7 784 126.4 829.0
Summer B2 6.3 SSE 22.7 44.6 694.3 816.5
B3 3.8 ESE 20.2 52.6 165.7 809.7
Bl 1.5 SSE 144 75.1 132.8 8214
Autumn B2 4.5 SSE 23.8 415 649.2 819.5
B3 3.5 SW 21.3 49.2 101.3 818.1

The Mann-Whitney test showed significant differences between summer and autumn for wind
speed, wind direction, and temperature. The average wind directions for summer and autumn were SE
and SSW, respectively, indicating that air masses transporting from these directions could contribute to
BTEX levels. Wind speeds were higher during summer than autumn indicating that during this period
the contribution of regional sources could be important.

We compared our results with those found in other studies in urban areas around the world
(Table 4). The results found for benzene in Leon are comparable to those found in cities such as
Ahvaz, Iran [24], and Valencia, Spain [25], with urban—industrial land use, vehicle traffic influence, and
population between 1 and 3 million. Benzene concentrations in Leon were higher than those reported
for Gdansk, Poland [26], (a city with approximately one third of the population of Le6n) but lower
than concentrations in Hanoi, Vietnam [27], Algiers, Algeria [28], Kolkata, India [29], Yazd, Iran [30],
Carmen, Mexico [31], Paris, France [6], Vienna, Austria [6], London, U.K. [6] and Rome, Italy [7].
Toluene concentrations were similar to those reported in Bari, Italy [32], Beijing, China [4], Mexico City,
Carmen City in Mexico [31,33], and Paris, France [6], higher than those reported in Valencia, Spain [24],
Ahvaz, Iran [24], Vienna, Austria [6] and London, U.K. [6], but lower than those reported for Yazd,
Iran [30], Delhi, India [5], Algiers, Algeria [28], and Rome, Italy [7]. Ethylbenzene concentrations were
similar to those reported for Yazd, Iran [30], Kolkata, India [29] and Hanoi, Vietnam [27], but higher
than those reported for Delhi and Kolkata in India [5,29], Mexico City, Carmen City and Monterrey in
Mexico [31,33,34], Vienna, Austria [6], London, U.K. [6] and Paris, France [6]. p-Xylene concentrations
in this study were higher than those reported in Valencia, Spain [25], Gdansk, Poland [26], Ahvaz,
Iran [24], Monterrey, Mexico [34], Vienna, Austria [6], Paris, France [6] and London, U.K. [6], but lower
than those reported for Yazd, Iran [30], Hanoi, Vietnam [27], Kolkata and Delhi in India [5,29], Algiers,
Algeria [28], and Carmen, Mexico [31]. The difference in BTEX levels reported in different cities around
the world can be attributed to differences in fuel quality and their BTEX content, traffic, variety of
industries, different atmospheric conditions, and topography, among other factors.

3.2. Toluene to Benzene and p-Xylene to Ethylbenzene Ratios

BTEX ratios are widely reported in the literature [4,35,36] and are useful tools to obtain information
on the relative contribution of BTEX sources at the study site. Toluene to benzene (T/B) and p-xylene to
ethylbenzene (X/Ebz) ratios for both sampling seasons are shown in Figure 3. It can be observed that
T/B ratios during summer were higher than those found in autumn. X/Ebz ratios were similar in both
sampling seasons.
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Table 4. Comparison of the found results for BTEX in Leon with other studies around the world.

Site/BTEX Concentrations Benzege TOlueil: Ethylbenj;ene p-Xylege Characteristics of the Study Site ~ Sampling and Analysis Details
ugm ugm ugm ugm
Leon, Guanajuato, Mexico 1.57 million inhabitants, 1220 km?2, Charcoal so.rbe.nt tubes, 1‘5 }1'1
(This study) 196 1292 13.19 351 urban—-industrial, heavy traffic area active sampling: 200 mL min™,
! CS; desorption, GC/FID
. . 13.79 million inhabitants, 1483 km?, ~ Charcoal tubes, passive sampling,
Delhi, India [3] 707 19.19 5.90 13.30 urban-industrial, heavy trafficarea One week, CS, desorption, GC/FID
Charcoal sorbent tubes, active
. . 2 g
Yazd, Iran [30] 21 38 14 41 b529"6z:13 1r;ha‘;31}t1ants, 9t7 lgfm ’ sampling: 200 mL min~!,1.5h,
urban-industrial, heavy traffic area CS, desorption, GC/EID
Charcoal sorbent tubes, active
e . . 2 ',
Hanoi, Vietnam [27] 30-123 38-87 924 26-56 8.054 million inhabitants, 3329 km”, sampling: 200 mL min~1, 2 h, CS,
urban-industrial, heavy traffic area .
desorption, GC/FID
Charcoal sorbent tubes, active
1 . . 2 z
Kolkata, India [29] 24.97-79.18 27.65-103 45-36.25 11.17-35.85 147 million inhabitants, 205 km, 1o 100 mL min~?, 6 h, CS,
urban-industrial, heavy traffic area d K
esorption, GC/FID
2.531 million inhabitants, 134.6 Charcoal tubes, passive sampling
. . - 2 . . 2 y
Valencia, Spain [25] 1.2 6.8 0.9 14 km#, urban 1r'1dustr1a1, heavy 15 day, CS, desorption, GC/FID
traffic area
Charcoal tubes Radiello, passive
; ; 2 P
Bari, Italy [32] 0.8-9 0.9-15.5 02-27 11-139 400,000 inhabitants, 116.21 km*, sampling, One week, CS,
urban-industrial, heavy traffic area d .
esorption, GC/FID
Charcoal tubes Radiello, passive
e . 2 , P
Algiers, Algeria [25] 167 405 658 17 3 '}f “1‘.“1(;’“ i“.hi‘b;ants'tl 1f9f9 k%, sampling, two week, CS,
urban—imaustrial, eavy raific area deSOrptiOn, GC/FID
Tenax sorbent tubes, active
15 . . 2 4
Beijing, China [4] 21-9.2 5.9-14.5 2.3-44 1.7-35 21.54 milion inhabitants, 185 ki, )\ o 350 I, min~1, 1h,
urban-industrial, heavy traffic area
GC/PID
Charcoal tubes Radiello, passive
; ; 2 , P
Gdansk, Poland [26] 0.49-0.82 0.74-1.39 0.13-0.42 0.43-1.27 rb%f_’fog mt};?blltﬁms’ 222 fl;m ’ sampling, two week, CS,
urban-industrial, heavy traffic area desorption, TD-GC/FID
Charcoal sorbent tubes, active
113 . . 2 4
Ahvaz, Iran [24] 178 5.19 0.51 113 1185 million inhabitants, 185 km®, -, /1o 200 mL min1, 8 h, CS,
urban-industrial, heavy traffic area .
desorption, GC/FID
. . > - .
Mexico City [33] 1.66-3.67 75.17.63 20 million inhabitants, 1485 km*~, Stainless Steel SUMMA canisters,

urban-industrial, heavy traffic area

active sampling: 24 h, GC/FID
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Table 4. Cont.

Site/BTEX Concentrations Benze?e Tolueile Ethylbexizene P'Xylefle Characteristics of the Study Site Sampling and Analysis Details
ug m3 ug m3 ug m3 ug m-3
. Charcoal sorbent tubes, 1.5 h,
. . 5 . ] ,
Carmen, Car[‘;ﬁ’]&he’ Mexico 5.42 11.23 3.97 832 500,000 lﬁgabltair:;’ 1?3 km? oll  tive sampling: 200 mL min~?,
- and gas ustry CS; desorption, GC/FID
Monterrey, Nuevo Leon, | B . e . 2 Stainless Steel SUMMA canisters,
Mexico [34] 0.3-5.1 1.8-4.5 0.1-0.4 0.2-2.2 3.93 million inhabitants, 5346 km active sampling: 4 h, GC/FID
Vienna, Austria [6] 3.15 441 0.63 0.82 1.8 million inhabitants, 414.7 km? 2 L eiectropolished stainless steel
canisters, active sampling, GC/FID
London, UK. [6] 255 757 101 117 89 million inhabitants, 1737 km? 2 .-clectropolished stainless steel
canisters, active sampling, GC/FID
Paris, France [6] 4.52 12.36 1.44 2.04 2.1 million inhabitants, 105.4 km? 2_1._ electropghshed sta.mless steel
canisters, active sampling, GC/FID
25.0 108
(In 1991) (In 1991) ) } e . 2 Differential optical absorption
Rome, Italy [7] 8.0 54 2.8 million inhabitants, 1285 km spectroscopy (DOAS)
(In 2000) (In 2000)

9 of 22
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Figure 3. BTEX ratios for both sampling seasons: (a) X/EB ratio and (b) T/B ratio. (B1: morning
(7:00-8:30 h); B2: midday (13:30-15:00 h); B3: afternoon (17:30-19:00 h)).

In urban areas, light duty gasoline exhaust is an important source of atmospheric BTEX. Toluene
and benzene are commonly constituents of gasoline, however toluene has other sources of origin,
such as solvent evaporation, evaporative emissions from coated surfaces, and fuel service-storage
stations as well as industrial and area sources [37-39]. Low values of the toluene/benzene ratio indicate
that the contribution of emissions derived from vehicular traffic is important at the study site, while
high values indicate a strong contribution to BTEX levels from sources beyond vehicular traffic [40,41].
According to the Friedman tests, diurnal variations of toluene/benzene ratios were not significant,
but showed significant differences between sampling seasons, being higher during summer (median
value: 12.17) and decreasing during autumn (median value: 4.72). The high values found for this
ratio (Figure 3) indicate that there was probably a higher contribution of non-traffic sources in the study
site, with the higher contribution during the summer season. The difference between benzene and the
rest of the measured BTEX in terms of usage is that toluene, ethylbenzene, and p-xylene are commonly
used in solvents, while benzene is not [42]. Solvents are the main component of coating, adhesives,
paints, and cleaning agents; this probably led to increased BTEX emissions in the study area during
summer. In addition, wind speed was higher in summer than in autumn, indicating that transport
from other locations could influence BTEX levels during this season. Singh and collaborators [43],
found toluene/benzene ratios higher than 2:1 in commercial and industrial areas. Similar values
for this ratio were reported in Kaohsung, Taiwan, Seoul, South Korea, and Shizuoka, Japan [44—46].
The Guanajuato State emissions inventory (2016), reported that the emissions in Guanajuato State
included 408,657.05 tons of VOCs, with area sources the main contributor with 48.45% of the total
emissions [47]. Area sources include the following activities: municipal waters, pesticide application,
graphic arts, coal cooking, asphalting, domestic combustion, livestock emissions, forest fires, bricks
factories, dry cleaning, cleaning of industrial surfaces, handling and distribution of fuels, paint
shops, agricultural burning, waste burning, surface coating, use of solvents, and sanitary landfills,
among others.

Ratios of BTEX species with different photochemical reactivity can give information about the
nature of BTEX influencing the different urban areas. The p-xylene/ethylbenzene ratio is commonly
used as an indicator of the photochemical age of air masses containing BTEX [48]. Low values of this
ratio indicate that BTEX remain in the atmosphere due to a faster reactivity of p-xylene with the OH
radical (aged air masses). On the contrary, high values of this ratio indicate that the BTEX species
were influenced by fresh emissions. Values of the p-xylene/ethylbenzene ratio less than 3 indicate
that the BTEX were probably transported from distant sources. As may be observed in Figure 3,
p-xylene/ethylbenzene ratios found in this study were lower than 3, indicating that BTEX are likely the
result of the transport of air masses from industrial and area sources in nearby locations. According to
the Friedman and Mann-Whitney test, there were no significant differences at « = 0.05 among diurnal
sampling periods and between sampling seasons. Median values of this ratio for the morning, midday,
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and afternoon sampling periods were 0.38, 0.37, and 0.37, respectively. The p-xylene/ethylbenzene
ratio median values for summer and autumn were 0.24 and 0.39, respectively.

3.3. Effect of Meteorology on BTEX Concentrations

Meteorology (wind direction and speed) influences the removal, accumulation, transport,
dispersion, and transformation of pollutants in the atmosphere. Based on prevailing winds,
concentration roses were constructed to identify local sources contributing to BTEX levels measured in
Leon, considering seasonal variation (Figures 4 and 5). During summer (Figure 4), higher concentrations
were observed for ethylbenzene, benzene, and p-xylene when winds came from SSW. Numerous
gasoline and natural gas service stations are located to the SSW of the sampling site, as well as industrial
areas such as Santa Julia, Delta, and Delta Sur, and high vehicular traffic avenues such as Delta and Rio
Mayo, Boulevard Paseo de Jerez, and the Federal highway number 45 Silao-Ledn (Figure 1). Toluene
showed higher concentrations when air masses came from E. The industrial area of La Capilla is
located in this direction, as well as numerous service stations and liquid petroleum gas and gasoline
distribution facilities, as well as avenues with high vehicular flow such as Tecnolégico Avenue and
Olimpica Avenue, as well as Juan Alonso de Torres Boulevard and Jose Maria Morelos Boulevard. In
this direction are also located the industrial areas of Julian de Obregén and Silao, the Federal highway
number 45 from Silao to Leén, and the Airport and Metropolitan Boulevards. All these sources are
likely contributors to the BTEX levels measured at the study site.

(a) Benzene (b) Toluene
N N
NNW_ 3 NNE NNw_ 30 NNE
25 25
NW NE
) NW % NE
15 15
WNW E
¥ EN WNW B ENE
w 0 E ~——Benzene w 5} E ——Toluene
wsw ESE wsw ESE
sw SE swW SE
SSW SSE SSW SSE
s S
(c) Ethylbenzene (d) p-Xylene
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SSW SSE SSW SSE
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Figure 4. BTEX concentration roses for the summer sampling season: (a) benzene, (b) toluene, (c)
ethylbenzene, and (d) p-xylene. SSW: gasoline and automobile service stations, industrial areas (Santa
Julia, Delta), avenues with heavy vehicular traffic (Delta, Rio Mayo, Paseo de Jerez Blvd., and federal
highway 45). E: Avenues with heavy vehicular traffic (Tecnolégico, Olimpica, Juan Alonso de Torres,
Jose Ma. Morelos); industrial areas and the airport.
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Figure 5. BTEX concentration roses for the autumn sampling season: (a) benzene, (b) toluene,
(c) ethylbenzene, and (d) p-xylene. NE: Industrial Areas (Brisas del Campo, Jerez, La Capilla) and
some important avenues such as Sion, Juan Alonso de Torres. Bi-variate and multi-variate (Principal
Component Analysis) statistical analysis.

During autumn (Figure 5), p-xylene and toluene had higher concentrations with winds blowing
from NE. Industrial areas such as Brisas del Campo, Jerez, and La Capilla are located in this direction;
as are avenues with high vehicular density including Sion Avenue, Juan Alonso de Torres Boulevard,
Téllez Cruces Avenue, and Vicente Valtierra Boulevard. Ethylbenzene and benzene registered higher
levels of concentration when winds were from SW and S, respectively. In these directions, there are
avenues and boulevards with high traffic density such as Boulevard Torres Landa Oriente, Boulevard
Timoteo Lozano, and Boulevard Hermanos Aldana, and several industrial facilities such as corrugated
plastics production, adhesives factories, one asphalt plant, and numerous gasoline and automobile
service stations.

The Spearman correlation coefficients between BTEX and criteria pollutants and meteorological
parameters are presented in Table 5. During summer (Table 5a), significant positive correlation
coefficients (at o« = 0.05) were found between CO and NO, (0.886), SO, (0.481), PM10 (0.463), toluene
(0.470), and p-xylene (0.643), indicating that these pollutants could originate from common sources
(motor vehicle transport). Even if there are no real-time vehicle count records or visual observations
of vehicles, CO can be considered a tracer of vehicular sources in the study area based on the
following reports:

e  According to the Emissions Inventory of criteria air pollutants in Leon for 2017 [49], CO, VOCs,
and NOx showed the highest emissions with 148,047, 35,292, and 34,077 t/year, respectively.

e  The highest contribution to CO levels in Leon came from mobile sources (134,670 t/year), with
vehicles (including taxis) being the main contributors [50].

e  The vehicular fleet in Leon is 512,878 vehicles within a population of 1,553,437 inhabitants, giving
an index of motorization of 0.33 (meaning 330 vehicles for each 1000 inhabitants) [50,51].
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Table 5. Spearman correlation coefficients between BTEX and criteria pollutants during the study period.

13 of 22

(a) Summer
Wind Wind Relative Solar
Measured Parameters CcO O3 NO2 SO, PM10 Benzene Toluene Ethyl-benzene p-Xylene Speed Direction Humidity Temperature Pressure Radiation
CcO 1 —-0.370 0.886 0.481 0.463 0.024 0.470 0.049 0.643 —-0.698 0.113 0.449 -0.417 0.363 -0.230
O3 -0.370 1 -0.308  —0.571 0.014 0.393 —0.330 -0.073 —-0.210 0.429 0.430 —0.663 0.748 —-0.477 0.595
NO, 0.886 -0.308 1 0.407 0.400 0.004 0.408 -0.167 0.721 —0.683 0.316 0.438 —0.417 0.326 -0.299
SO, 0.481 —-0.571 0.407 1 0.123 -0.233 0.385 0.060 0.256 -0.290 -0.340 0.234 -0.315 0.180 -0.097
PM10 0.463 0.014 0.400 0.123 1 0.117 0.372 0.327 0.506 -0.113 0.315 -0.191 0.144 -0.115 0.254
Benzene 0.024 0.393 0.004 —-0.233 0.117 1 —-0.202 0.278 0.333 0.043 0.181 —-0.231 0.358 —-0.010 0.388
Toluene 0.470 -0.330 0.408 0.385 0.372 -0.202 1 0.482 0.485 -0.229 -0.262 0.143 -0.217 -0.167 -0.225
Ethylbenzene 0.049 -0.073 -0.167 0.060 0.327 0.278 0.482 1 0.242 0.177 -0.337 -0.153 0.128 —-0.268 0.244
p-Xylene 0.643 -0.210 0.721 0.256 0.506 0.333 0.485 0.242 1 —0.417 0.144 0.330 —-0.284 0.209 -0.180
;2:::31 -0.698 0429  -0.683 -0290 -0.113 0043  -0229 0.177 -0.417 1 ~0.269 -0.717 0.677 -0.671 0.466
.Wm.d 0.113 0.430 0.316 —0.340 0.315 0.181 —-0.262 -0.337 0.144 -0.269 1 -0.120 0.157 0.032 0.039
direction
Relative
humidity 0.449 —0.663 0.438 0.234 -0.191 -0.231 0.143 -0.153 0.330 -0.717 -0.120 1 -0.971 0.749 —0.758
Temperature —-0.417 0.748 -0.417  -0.315 0.144 0.358 -0.217 0.128 —-0.284 0.677 0.157 -0.971 1 —0.704 0.790
Pressure 0.363 —-0.477 0.326 0.180 -0.115  -0.010  -0.167 -0.268 0.209 —-0.671 0.032 0.749 —-0.704 1 -0.304
Sf)la'r -0.230 0.595 -0299  -0.097 0.254 0.388 -0.225 0.244 -0.180 0.466 0.039 —0.758 0.790 —0.304 1
radiation
(b) Autumn
Wind Wind Relative Solar
Measured Parameters co O3 NO; SO, PM10 Benzene Toluene Ethyl-benzene p-Xylene Speed Direction Humidity Temperature Pressure Radiation
cO 1 —-0.690 0.857 0.440 0.746 -0.156 0.027 0.177 0.163 —0.476 0.175 0.557 —0.530 0.494 —0.457
O3 —0.690 1 —0.564 —-0.366 —0.477 0.012 -0.117 0.098 —-0.038 0.549 0.057 —-0.681 0.847 —-0.453 0.625
NO, 0.857 —0.564 1 0.312 0.785 -0.344 0.070 0.097 -0.063  -0.379 0.083 0.627 —0.494 0.503 —-0.590
SO, 0.440 —-0.366 0.312 1 0.363 0.394 0.129 0.012 0.121 —0.639 0.096 0.058 -0.196 0.415 0.177
PM10 0.746 —-0.477 0.785 0.363 1 -0.330  -0.003 0.146 -0.066  —0.369 -0.254 0.478 -0.363 0.729 -0.249
Benzene -0.156 0.012 -0.344 0.394 -0.330 1 0.145 0.203 0.330 -0.283 0.095 -0.182 -0.113 -0.210 0.297
Toluene 0.027 -0.117 0.070 0.129 -0.003 0.145 1 0.290 0.490 -0.212 -0.157 -0.030 -0.128 0.178 0.155
Ethylbenzene 0.177 0.098 0.097 0.012 0.146 0.203 0.290 1 0.623 0.183 0.027 0.014 -0.070 0.096 0.213
p-Xylene 0.163 —-0.038  -0.063 0.121 -0.066 0.330 0.490 0.623 1 -0.149 0.165 -0.155 -0.009 0.068 0.280
:;)[:;i —-0.476 0.549 -0379  -0.639 0369 -0283  -0.212 0.183 -0.149 1 0.016 —-0.324 0.411 -0.519 0.061
.Wmfi 0.175 0.057 0.083 0.096 —0.254 0.095 —-0.157 0.027 0.165 0.016 1 —0.055 0.065 —0.403 -0.156
direction
Relative
humidity 0.557 —0.681 0.627 0.058 0.478 -0.182 -0.030 0.014 -0.155 —-0.324 -0.055 1 —0.872 0.583 —0.691
Temperature —0.530 0.847 —0.494 -0.196 —-0.363 -0.113 -0.128 -0.070 —-0.009 0.411 0.065 —-0.872 1 —0.475 0.661
Pressure 0.494 —0.453 0.503 0.415 0.729 -0.210 0.178 0.096 0.068 -0.519 —-0.403 0.583 —0.475 1 -0.101
Sc‘)la'r —0.457 0.625 —0.590 0.177 —-0.249 0.297 0.155 0.213 0.280 0.061 -0.156 —0.691 0.661 -0.101 1
Radiation

Spearman correlation coefficients in bold are significant at o = 0.05.
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SO, showed a significant negative correlation with ozone, indicating that SO, suffered from
photochemical reactions in order to produce ozone during this period. This behavior has been
previously reported by Wilson and collaborators [52] in which SO, was shown to influence the
production of oxidants during episodes of urban photochemical smog.

NO, presented positive significant correlations with SO, (0.407), toluene (0.408), and p-xylene
(0.721), suggesting that these pollutants could originate from sources that implicate high temperature
combustion processes of sulfur-containing fossil fuels. According to the criteria air pollutants emissions
inventory for Leon City carried out in 2017, the second and third most important contributors to NOx
emissions are commercial and industrial combustion sources, comprising 2209 t/year [49].

Toluene showed a good correlation with ethylbenzene and p-xylene, indicating that these BTEX
species had their origin in common sources. Toluene has been very well correlated with ethylbenzene
in biomass combustion samples [6]. p-Xylene and PM10 showed a significant correlation with each
other, indicating that this aromatic hydrocarbon could contribute to secondary organic aerosol (SOA)
formation. Ozone was the only pollutant that was influenced by solar radiation during this sampling
period (0.595). BTEX did not have significant correlations with temperature; suggesting that evaporative
emissions were not important during this period. Benzene and ethylbenzene did not correlate with
CO, indicating that vehicular emissions did not contribute to ambient levels of these compounds
during summer.

During autumn (Table 5b), CO showed significant positive correlations with NO, (0.857), SO,
(0.440), and PM10 (0.746), indicating that these air pollutants could originate from common sources,
probably diesel and gasoline vehicle sources, since CO may be considered as a tracer of vehicular
sources in the study area. Ozone showed significant negative correlation with NO; (—0.564), indicating
NO; may act as an ozone precursor in Leon. During daytime hours NO; is converted to NO as a result
of photolysis, which leads to the tropospheric ozone formation [53].

The significant inverse correlation between O3 and PM10 (-0.477) indicates that high concentrations
of ozone in highly oxidizing atmospheric environments could promote secondary particle formation,
thus increasing PM10 levels [54]. On the other hand, there is also the possibility that high concentrations
of PM10 could suppress environmental levels of O3 by reducing atmospheric radiation. Both processes
constitute a cycle of interaction between O3 and PM10. Oj3 correlated in a significant way with
temperature (0.847) and solar radiation (0.625), evidence of its photochemical origin during this
period. This was expected since ozone, solar radiation, and temperature usually show similar diurnal
patterns [53]. NO, showed a significant correlation with PM10 (0.785), indicating that both air pollutants
could originate from high temperature combustion sources. There were significant positive correlations
between toluene—p-xylene (0.490) and ethylbenzene—p-xylene (0.623), suggesting that these species
originated from common sources. CO showed a significant negative correlation with ozone. This
might be explained by considering that the main atmospheric sink for CO is its reaction with OH, and
this process thus makes CO a precursor of tropospheric ozone [55]. Benzene did not correlate with any
other BTEX species, suggesting an additional and different source of this hydrocarbon within the study
area. Solar radiation had influence on the levels of CO (-0.457), O3 (0.625), and NO, (—0.590).

Relative humidity (RH) was negatively correlated with ozone in both seasons (Spearman correlation
coefficients of —0.663 in summer and —0.453 in autumn), indicating that high concentrations of water
vapor partially removed this pollutant from the atmosphere by means of chemical reactions or
condensation processes [56].

We carried out a principal component analysis (PCA) to identify patterns of correlation among
the measured air pollutants in order to reduce a large data set into a small number of principal factors.
It is important to note that a multivariate analysis such as PCA is a useful and widely used tool to infer
the possible sources contributing to the measured levels of air pollution [56,57]. It is recommended,
however, that in future works a receptor model be applied, considering the emission profiles of the
existing sources in the vicinity of the sampling site. We performed PCA using XLSTAT statistical
software in order to determine principal components with Eigen-values > 1.00 in order to identify
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probable sources of measured air pollutants. We considered a factor score of 0.5 as the lowest level of
significance. Table 6 shows the PCA factor loadings for the measured air pollutants during summer
(a) and autumn (b), respectively, at the study site. It can be observed that during summer (Table 6a),
four factors were necessary to explain 80.509% of the total variance of data set. The first factor (F1),
which accounted for 40.337% of the total variance, included CO, O3, NO;, SO,, p-xylene, wind speed,
relative humidity, temperature, pressure, and solar radiation, indicating that this factor was associated
with the combustion of fossil fuels, evaporative emissions, photochemical activity, and the influence
of meteorological parameters (temperature and relative humidity). Nitrogen compounds (NO, NO,,
and NOx), mainly from vehicular emissions in urban areas, usually show strong positive correlations
with BTEX compounds, suggesting that these compounds are probably emitted from common sources
and present similarities in the atmospheric degradation process. This is in agreement with results
obtained in the bi-variate analysis. Carbon monoxide (CO) is generated by incomplete combustion
processes of nearby vehicle engines and has been used as an indicator of vehicular emissions in urban
areas. The second factor (F2) contributed 17.239% to the total variance and included ethylbenzene
and PM10, indicating that these pollutants could originate from common sources. The third factor
(F3) accounted for 14.654% and had a high factor loading for toluene and wind direction, indicating
that this pollutant was transported from other locations. It can be explained due to the two-day
atmospheric lifetime of toluene; it makes this BTEX species a stable compound [58]. This agrees with
the p-xylene/ethylbenzene ratios, which are used as a measure of air mass age. The fourth factor (F4)
contributed 8.280% to the total variance and included only benzene, indicating that this aromatic
hydrocarbon had a different source within the study area during this sampling period. This agrees
with the results of the toluene/benzene ratios that indicate a higher contribution of non-traffic sources
to the BTEX levels and to the fact that benzene is less used in solvent formulations, unlike the other
BTEX species.

Table 6b shows the factor loadings for measured air pollutants during autumn. Three factors
were required to explain 68.876% of the total variance of the data set. F1 contributed 40.900% of the
total variance and included CO, O3, NO,, SO,, PM10, wind speed, relative humidity, temperature,
and pressure. This factor (F1) is associated with air pollutants emitted from road traffic, high
temperature combustion sources, and evaporative emissions and influenced by photochemical activity
and meteorological parameters. Factor F2 accounted for 16.673% of the total variability and included
toluene, ethylbenzene, and p-xylene, indicating that these BTEX species have common origins, probably
industrial and area sources. The third factor contributed 11.296% and included only benzene, indicating
that this pollutant likely has a different source during autumn. Some authors have also reported
high factor loadings in PCA for BTEX, indicating that they have common sources [42,45,57,59,60].
Toluene, ethylbenzene, and xylenes, for example, have been associated with common sources (solvent
usage and degreasing solvents), while benzene is commonly absent in solvent usage [42]. This is
supported by the 2017 Leon air pollutant emissions inventory, which reported that area sources,
particularly solvents usage, are the main contributors to VOC levels with emissions of 24,548 t/year [49].
Associations between BTEX and SO, and NO; have been reported by other authors [45,60-62] since
toluene, ethylbenzene, and xylenes can have multiple sources including road traffic and industrial
emissions. Combustion activities for heating and power generation are associated with emissions of
NO, and BTEX.

During autumn, temperatures were higher than those registered during the summer season,
indicating that evaporative emissions could be an important source of BTEX in the study area.
During summer, wind speed values were higher than during autumn, indicating that the contribution
of regional sources could be important in this period. Some studies have also reported seasonal
differences between graph scores and factor loadings [60,63]; these differences have been attributable to
the influence of meteorological parameters on pollutant concentrations (precipitation, relative humidity,
temperature, solar radiation, wind speed, and wind direction).
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Table 6. PCA factor loadings for measured air pollutants in Leon during summer (a) and autumn (b).

(a) Summer

Factor Loadings F1 F2 F3 F4
CcO 0.709
O3 0.673
NO, 0.503
SO, 0.399
PM10 0.428
Benzene 0.350
Toluene 0.301
Ethylbenzene 0.445
p-Xylene 0.413
Wind speed 0.615
Wind direction 0.743
Relative Humidity 0.789
Temperature 0.773
Pressure 0.498
Solar Radiation 0.357
(b) Autumn
Factor Loadings F1 EF2 F3
CcO 0.846
O3 0.784
NO, 0.585
SO, 0.309
PM10 0.637
Benzene 0.651
Toluene 0.365
Ethylbenzene 0.658
p-Xylene 0.705
Wind speed 0.430
Wind direction
Relative humidity 0.692
Temperature 0.767
Pressure 0.545

Solar Radiation

Only statistically significant loadings are shown.

3.4. Health Risk Assessment

A health risk assessment was carried out in order to determine the effects of BTEX on population
health in Leon, considering both cancer and non-cancer effects. The risk of cancer associated with
benzene exposure by inhalation was determined according to the methodology described by Zhang and
collaborators [15]. The average daily exposures (E) associated with benzene inhalation (mg/kg per day)
were determined considering two population groups: adults and children, with a period of exposure of
DA =16 h/day for adults and 10 h/day for children [16]. The average daily exposures were 2.63 X 1074
and 5.38 x 10~* mg/kg per day for adults during the summer and autumn seasons, respectively. In
the child population, the average daily exposure values were 3.11 x 107* and 6.36 x 10~* mg/kg per
day for summer and autumn, respectively. The estimated cancer risk (LTCR values) for adults and
children were in the range of 5.26 x 107° to 4.33 x 107> (see Figure 6), which are greater than the limit
value established in the U.S. EPA Guidelines (1 X 107°). LTCR values also exceeded, in some cases,
the limit value established by the World Health Organization (WHO) (1 x 107°). Cancer risk can be
classified into three categories as reported by Sexton and collaborators [64]: Definitive cancer risk if
LTCR > 1.0 x 1074, probable risk (if LTCR is between 1 x 10~ and 1 x 107%), and possible risk (if LTCR
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is between 1 x 107 and 1 X 107°). According to this classification, the child and adult population
of the studied area would be at possible risk of suffering cancer in the lifetime. The LTCR value in
adults in summer ranged from 1.09 x 107° to 5.28 x 10~ (1-5 in 1,000,000 chances of developing cancer
in lifetime). In autumn the range was 5.26 X 107 to 3.66 x 10~ (from 5 in 1,000,000 to 4 in 100,000
chances of developing cancer in lifetime). For the child population, LTCR values during summer
ranged from 6.24 X 107° to 1.29 x 107> (from 6 in 1,000,000 to 1 in 100,000 chances that the study
area population may develop cancer in their lifetime). Lifetime cancer risk estimation for the child
population during autumn ranged from 6.23 X 107° to 4.34 x 107 (from 6 in 1,000,000 to 4 in 100,000
chances of developing cancer in lifetime).

CANCER RISK COEFFICIENTS (LTCR) for Leon population (average

values)
-5
0.0000200 1.84x10
0.0000180 1.56x 107
0.0000160
0.0000140
0.0000120 6
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0.0000060
0.0000040
0.0000020
0.0000000
adult population adult population child population child population
summer autumn summer autumn

Figure 6. Cancer risk coefficients for Leon population during the summer and autumn seasons.

The non-cancer risk index (Hazard Quotient: HQ) considers the risk of suffering non-cancer
diseases due to exposure to air pollutants, while the integrated non-cancer risk (IHQ) represents the
product of the individual non-cancer risk coefficients (IHQ). A value of HQ > 1 indicates that long-term
exposure can cause non-carcinogenic health effects (respiratory and cardiovascular diseases), whereas
a value of HQ < 1 is considered as acceptable. The individual non-carcinogenic risk coefficients (HQ)
for benzene were <1 for children and adults in both summer and autumn (see Figure 7). The HQ values
for benzene calculated for the adult population were in the range of 0.0297-0.0613 for the summer,
and 0.029611-0.2062 for the autumn, with average values of 0.0428 and 0.0878 for summer and autumn,
respectively. For children, the HQ values for benzene were in the range of 0.0297-0.0613 for summer
and 0.0296-0.2063 for autumn, with average values of 0.0428 and 0.0878 for summer and autumn,
respectively. We can conclude that long-term exposure to the concentrations found of benzene does
not represent a risk of suffering respiratory and cardiovascular diseases in the study area. Individual
non-carcinogenic risk coefficients for toluene were in the range of 0.0015-0.0052 (Average: 0.0032)
for the summer season and 0.0010-0.0031 (average: 0.0019) for the autumn season. The HQ values
found for toluene were below the limit value established as acceptable, so it can be concluded that
there is no risk of non-cancer illnesses due to exposure to toluene via inhalation in the study area.
HQ values for ethylbenzene in both children and adults showed ranges of 0.0058-0.0030 (Average:
0.0169) for summer and 0.0064-0.0137 (average: 0.0095) for autumn. These values were below the limit
value established as acceptable, so it can be concluded that there is no risk of non-cancer illnesses due
to exposure to ethylbenzene. Individual HQ values for p-xylene in both children and adults were
in the range of 0.0255-0.0481 (Average: 0.0358) for summer and 0.0283-0.0379 (average: 0.0344) for
autumn. These values were below the recommended limit, so it can be concluded that there is no risk
of non-cancer due to exposure to ethylbenzene. The integrated non-cancer risk value (IHQ) was also
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lower than the recommended limit. The highest values of HQ were found in the child population
during the autumn season, being higher for benzene.

NON-CANCER RISK COEFFICIENTS (Hazard Quotient: HQ) for Leon Population
0.1

0.09 0.0878
0.08
0.07
0.06
0.05 0.0428
0.04 0.0357 0.0343
0.03
0.02 0.0169
0.0094
0.01 0.0032 0.0019
0 | —
summer autumn summer autumn summer autumn summer autumn
benzene benzene toluene toluene ethylbenzene  ethylbenzene p-xylene p-xylene

Figure 7. Non-cancer risk coefficients for Leon population during the summer and autumn seasons.
4. Conclusions

Toluene and ethylbenzene were the dominant BTEX species in this study, whereas benzene and
p-xylene showed the lowest concentration values. There was not a clear diurnal pattern in BTEX
concentrations but statistically significant differences were found between summer and autumn.
This seasonal variation can be attributed to differences in wind conditions and temperature. BTEX
concentrations found in this study were similar to those found in Mexico City but lower than those
reported for cities such as Kolkata and Delhi in India, and Algiers, Algeria, and Hanoi, Vietnam,
respectively. Meteorological analysis showed that sources (several industrial complexes and distribution
and storage stations of fuels) located southeast, south-southwest, and northeast of the sampling site
could contribute to BTEX levels. The observed values of T/B and X/Ebz ratios indicate that the study
site was likely influenced by transported air masses from non-local locations. The highest T/B ratios
observed during summer may indicate that photochemistry, meteorology, and source strength were the
major factors influencing the seasonal trend of this ratio. The bi-variate and PCA analyses confirmed
that some air pollutants such as CO, O3, SO, NO; had their origin in common sources (fossil fuel
combustion, road traffic, and photochemical activity) in both sampling seasons. The statistical analysis
also suggested that toluene was more influenced by wind direction during summer, with significant
positive correlations (at & = 0.05) with ethylbenzene and p-xylene, indicating that these BTEX species
had their origin in common sources. During autumn, toluene, ethylbenzene, and p-xylene also showed
significant positive correlations (at oc = 0.05), indicating that they could originate from common sources.
The Spearman correlation coefficients and PCA results demonstrated that benzene was probably
emitted from a different source, since this pollutant did not correlate with the rest of measured BTEX.
Results from the health risk assessment showed that LTCR values for adults and children exceed the
107¢ and 10~° threshold values for benzene (recommended values by EPA and WHO, respectively)
during both seasons, indicating that this pollutant may constitute a potential health risk for the study
area population. Hazard quotients (HQ) for all the measured BTEX were below the acceptable limit
value, indicating that observed BTEX concentrations in this study do not constitute a risk of suffering
non-cancer diseases associated with their inhalation.
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