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Abstract: In some urban areas in Mexico, the use of firewood and charcoal as fuel for meat grills in
commercial establishments, has proliferated due to economic and cultural factors. Although this
activity satisfies diverse human necessities, it also generates waste that impacts the environment
to local and global scales. Such is the case of CO2 emissions produced by biomass burning in
grills, whose sources are not recognized in municipal inventories of greenhouse effect gases (GEG)
of the State of Veracruz. A theoretical estimation was made based in a census of establishments
and an emission parameter, in order to establish a baseline on the amount of gas emitted to the
atmosphere by commercial grills in Boca Del Río, Ver. It was concluded that 30 operating grills
emit 134.56 tons of CO2 into the atmosphere, equivalent to the annual combustion of 59,016.43 L
of gasoline. Hence, these grills must be considered as micro-fixed sources of GEG, which influence
local marine acidification and global climate change. It is recommended that it should be included in
municipal, state, and national inventories for subsequent professionalization and regulation.
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1. Introduction

In Mexico, as it is worldwide, firewood and charcoal are traditional fuels used when preparing
meals in rural and marginalized urban areas due to their low cost and availability [1]. These customs,
energy qualities, and the supply of firewood without commercial value coming from degraded forest
areas or forest waste [2] promoted its use as fuels in diverse businesses, among them, those that offer
ready-to-eat foods.

Due to contemporary economic and social dynamics, where the polarization of wealth has
generated poverty and sophistication in consuming patterns, society demands employment and new
food presentations [3]. Therefore, street and established sale of grilled foods are options of income and
employment, as well as a means of satisfying food demands for those people whose only option is to
eat out or those who satisfy psychological and social demands, rather than biological [4].

The consumption of meats from different animal origin is considered essential in the Mexican
diet, that is why the modern urban offer of meat products aims to meet its weekly demand [4]. Among
these products, grilled meats in their different presentations are very popular [5], resulting in the
proliferation of establishments that offer these products [6], additional to the domestic preparation
and consumption option.

In addition to its economic and social implications, the environmental scopes of operating
commercial grills in Mexico have not been widely studied, as well as for urban domestic grills.
In both cases, there is no empirical information to visualize its operation and determine its effects
in different scopes of influence. Nonetheless, these are recognized as fixed sources of atmospheric
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pollutant emissions by the total or partial burning of firewood or charcoal used as fuel. These materials,
when burned, emit high concentrations of toxic compounds for both humans and the environment,
such as particulate matter (PM), nitrogen oxide (NOX), carbon monoxide (CO), sulfur dioxide (SO2),
volatile organic compounds (VOCs), and carbon dioxide (CO2), among others [7,8].

CO2 is considered the main greenhouse effect gas (GEG), which is why its main emission sources
are included in national inventories, where burning of wood, charcoal, and wood waste were integrated
in the residential and commercial sectors, in accordance with international considerations on climate
change [9]. In this context, due to its generality, it is impossible to identify the participation in
municipal, state, and national accounts of emitting micro-sources, among them, commercial and
domestic grills. These micro-sources are insignificant individually, however, in conjunction they
cause important environmental effects, which is why their assessment is relevant in relation to the
establishment of a baseline for inclusion in municipal inventories and the design of specific regulatory
mitigation strategies, which sustain the emission registries and state and national regulatory norms.

The location of this study was established considering that Mexico in 2012 ranked eleventh in the
contribution to global CO2 emissions, with 493 million tons, while the state of Veracruz contributed
15.3 million tons (3% of the national total), occupying the fourth national place among the states with
the highest emissions of this gas [10]. In 2010, 8% of CO2 emissions of the state total were concentrated
in the municipalities of Veracruz and Boca del Río [11].

The aforementioned is reflected in climatic fluctuations (temperature and rainfall) presented in
the state [12], which, associated with the physiographic and socioeconomic characteristics of the same,
have caused diverse affectations. Veracruz is a coastal entity with important lagoon systems and
mouths of several high-flow rivers, which is why it is high vulnerable to flooding [13]. Conversely,
the rise in temperature has affected seasonal crops, livestock, and fisheries [14], on which a large part
of the population depends [15], since 85% of the territory has an agricultural and forestry vocation
(6 million hectares, representing 3.5% of the national total).

Considering the above, the objective of the present study was to identify the different types of
urban establishments that use forest biomass as fuel in the cooking of commercial meat foods as a
micro-point source of GEG emissions at municipal level, by determining the total magnitude of annual
CO2 emissions produced by grills in Boca Del Río, Veracruz, through the theoretical determination of
an emission factor, to establish a baseline for future research on urban emissions in micro sources of
unrecognized CO2.

2. Materials and Methods

The study area is in the municipality of Boca Del Río, Veracruz, Mexico, located in the coordinates
19◦28′–17◦9′ N, 96◦0′–98◦0′ W, whose area of 38.1 km2 houses 138,058 inhabitants mainly dedicated
to trade and service provision. It borders on the north with the municipality of Veracruz, on the
south with the municipality of Alvarado, on the east with the Gulf of Mexico, and on the west with
the municipalities of Medellin and Veracruz [16]. It has a warm–regular climate with an average
temperature of 25 ◦C and average annual rainfall of 1694 mm [17].

To carry out the theoretical estimation of the amount of CO2 produced by the burning of biofuel
used in commercial grills and establish its polluting potential, a descriptive investigation was made
that characterized and technologically differentiated the establishments dedicated to this activity.
To achieve this, a 13-step investigation was proposed (Figure 1).

To describe the phenomenon, it was characterized as a complex five-dimensional system wherein
the constructs susceptible of observation and measurement were identified, which in turn were also
divided according to their aptitude for bibliographic and empirical compilation. In the end, 19 variables
were identified (Table 1).
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measurement; (18) Extraction; (19) Type of grill/oven 

The theoretical estimation of CO2 emissions considered that the carbon content of a fuel is an 
intrinsic chemical property, that is, the mass of carbon atoms with respect to the total mass of the fuel 
[18]. Therefore, to determine the amount of CO2 released into the environment by burning wood, the 
emission factor proposed by Muro [19] was selected, where it was specified that the combustion of 
one kilogram of firewood emits 1.83 kg of CO2, because half of its mass is coal (C) and if the 
relationship between the molecular weight of CO2 and C is 44/12, then 1 kg of firewood produces 0.5 
(44/12 kg of CO2) = 1.83 kg of CO2. The equivalence between carbon and CO2 is: 

(Molecular weight of CO2)/(Molecular weight of C) = (44 (for CO2))/(12 (for C)) = 3.667.  

So, if in each kilogram of firewood, 50% is coal (C), the ratio will be: 0.5 kg × 3.667 = 1.83 kg of 
CO2/kg of firewood. 

In the case of charcoal, according to the information provided by FAO [20], the carbon content 
is normally estimated as a “difference” of all the volatile components of water, so that they are 
deducted from a hundred as percentages, and what remains is the % of pure or fixed carbon that can 
vary from 50% to 95%, in such a way that, for the carbon calculation, an intermediate value of 72.5% 
was taken, that is, 0.725 kg (Cx (44/12)) = 2.65 kg of CO2/kg of carbon. 

A data collection instrument with 19 items was applied, designed under the criteria of simplicity, 
low cost, and universal applicability referred by Alonso and colleagues [21], whose content validity 
was determined with different tests.  

The level of concordance of 0.97 was estimated using Fleiss’ Kappa test (1971) applied to a five-
point empirical scale matrix (Likert scale) that evaluated, by expert judgment, the properties of 
relevance, adequacy, justification, and feasibility of the items [22] (Table 2). 

Likewise, the level of reliability and stability of the instrument was quantified as very high with 
the Cronbach’s Alpha test (1951) with a value of 0.92, in addition to a high concordance and 
homogeneity determined by an Average Interclass Correlation of 0.0932. 

Using Torres criteria [23] the questionnaire was empirically validated with its application in a 
pilot test to ten grill operators in a different area to the one studied; in it, the metric scale properties, 
the application time, and the acceptance or refusal to answer questions were evaluated.  
  

Figure 1. Design of the investigation “Estimation of CO2 emissions produced by commercial grills in
Veracruz, Mexico”.

Table 1. Variables used in the study.

Dimension Variables

Economic
(1) Acquisition method; (2) Biomass type; (3) Type of food; (4) Use schedule;
(5) Annual frequency; (6) Days per week when the service is provided;
(7) Amount of weekly biomass used; (8) Biomass cost

Geographic (9) Location of the cooking equipment.

Social (10) Training; (11) Health condition; (12) Fiscal condition; (13) Commercial
condition; (14) Seniority

Technological (15) Filtration; (16) Ash handling; (17) Temperature measurement; (18) Extraction;
(19) Type of grill/oven

The theoretical estimation of CO2 emissions considered that the carbon content of a fuel is an
intrinsic chemical property, that is, the mass of carbon atoms with respect to the total mass of the
fuel [18]. Therefore, to determine the amount of CO2 released into the environment by burning wood,
the emission factor proposed by Muro [19] was selected, where it was specified that the combustion of
one kilogram of firewood emits 1.83 kg of CO2, because half of its mass is coal (C) and if the relationship
between the molecular weight of CO2 and C is 44/12, then 1 kg of firewood produces 0.5 (44/12 kg of
CO2) = 1.83 kg of CO2. The equivalence between carbon and CO2 is:

(Molecular weight of CO2)/(Molecular weight of C) = (44 (for CO2))/(12 (for C)) = 3.667.

So, if in each kilogram of firewood, 50% is coal (C), the ratio will be: 0.5 kg × 3.667 = 1.83 kg of
CO2/kg of firewood.

In the case of charcoal, according to the information provided by FAO [20], the carbon content is
normally estimated as a “difference” of all the volatile components of water, so that they are deducted
from a hundred as percentages, and what remains is the % of pure or fixed carbon that can vary from
50% to 95%, in such a way that, for the carbon calculation, an intermediate value of 72.5% was taken,
that is, 0.725 kg (Cx (44/12)) = 2.65 kg of CO2/kg of carbon.

A data collection instrument with 19 items was applied, designed under the criteria of simplicity,
low cost, and universal applicability referred by Alonso and colleagues [21], whose content validity
was determined with different tests.

The level of concordance of 0.97 was estimated using Fleiss’ Kappa test (1971) applied to a
five-point empirical scale matrix (Likert scale) that evaluated, by expert judgment, the properties of
relevance, adequacy, justification, and feasibility of the items [22] (Table 2).

Likewise, the level of reliability and stability of the instrument was quantified as very high
with the Cronbach’s Alpha test (1951) with a value of 0.92, in addition to a high concordance and
homogeneity determined by an Average Interclass Correlation of 0.0932.
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Using Torres criteria [23] the questionnaire was empirically validated with its application in a
pilot test to ten grill operators in a different area to the one studied; in it, the metric scale properties,
the application time, and the acceptance or refusal to answer questions were evaluated.

Table 2. Empirical criteria for evaluating the instrument.

Ordinal Value
Nominal Value

Relevance Adequacy Justification Feasibility

Fully appropriate Fully understandable Fully justifiable Fully feasible 5
Appropriate Understandable Justifiable Feasible 4

Uncertain Medium Medium Medium 3
Little appropriate Little understandable Little justifiable Little feasible 2

Inappropriate Incomprehensible Unjustifiable Not feasible 1

The target population was identified from the census data of grilled foods producers that used
biomass on its process, provided by the H. City Hall of Boca del Río, Veracruz. A census was conducted
from 19 May to 25 May 2016 with the 30 registered establishments. However, only 27 of them were
interviewed and three non-registered establishments were incorporated to complement the sample.

The Use Technology Level (UTL) for the grills was constructed in accordance to the methodology
proposed by Gich [24].

UTL =
n

∑
n = 1

WWM
WWF

WWF,

where WWM = weighted weight of management practice; WWF = weighted weight of the factor;
n = management practice.

The range of this indicator is from 0 to 100, where 100 indicated the best technological use.
The factors were created based in the variables used to establish the technological dimension of the
grilling system. Through expert judgement, weighted weights for the management practice were
assigned according to the thermal insulation capacity of the system to monitor for process control and
to the emissions management (Table 3).

Table 3. Scoring criteria of the Use Technology Level (UTL) for commercial grills.

Factor WWM * % Practice WWF ** %

Types of grills and ovens 30

Professional grill with cap 30
Artisan grill with cap 25

Professional oven 20
Rustic oven 15

Professional grill without cap 10
Artisan grill without cap 5

Temperature
measurement

10
It measures 10

It does not measure 0

Smoke filtration 50
Filters 50

It does not filter 0

Smoke extraction 5
Extracts 5

It does not extract 0

Ash management 5
Takes benefit 5

Disposes 0

Sum 100 100

* WWM, weighted weight of management practice; ** WWF, weighted weight of the factor.

The numerical values of the UTL were used to set the establishment grading criteria (Table 4).
In order to process the descriptive data obtained and the CO2 estimation, a data bank was created

with Microsoft Excel 2016, whereas, to carry out the descriptive statistics analysis, SPSS Statistics
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22.0 was used for the analysis of frequencies, the tests of normality (Shapiro–Wilk), and correlation
of Spearman.

Table 4. Grading criteria of the Use of Technology Level.

Value Ranges (%) Use of Technology Level

100 Optimal
80–100 Very good
60–80 Good
40–60 Bad
20–40 Very bad

0 Null

3. Results and Discussion

General Characteristics of Commercial Food Grills

We visited 30 establishments dedicated to a variety of commercial meat grills, characterized for
using forest biomass as fuel and being located in the municipality of Boca del Río, Ver. Amongst these
microenterprises, 70% were formalized before the Ministry of Finance and Public Credit, 93% have
Notice of Operation to the Ministry of Health, and 93% have the municipal trade permit, which varies
according to the type of establishment: registration and operation license and permission to sell on
public streets. There is no environmental normativity that regulates the activities of these businesses.

Therefore, these establishments are characterized as chain restaurants that have all the necessary
permits, restaurants or family diners that do not pay taxes, or semi-fixed or ambulatory stands that do
not have any permit or registration. These are distributed within the municipal territory according to
the urban context or socioeconomic stratum of their target market [25]. In general, poor quality jobs
are provided, segmented by gender, schooling, routine artisanal activities, and low salaries for the
employee (not for the owner), high mobility between jobs, and low access to social security [26].

In the present study, the operators of these places were mostly males (80%) in their working age.
This activity is considered proper of this gender due to the physical effort required in the management
of biomass and exposure to fire and the grill’s high temperatures, and it has become a source of
income and formal and informal employment for household heads that lost their jobs because of the
decrease in the state GDP (Gross Domestic Product) of 2000–2003 [27]. However, this segregation
by gender may be reduced with the recent increase in participation of female household heads and
spouses in the generation of income [28] and growth in the formal and informal sector of services,
particularly in the food sector, as a result of the change in consumption patterns of large cities [25].
For the informal sector, women would benefit from the absence of age, marital status, number of
children, and education requirements for this activity [29]. However, the presence of a male majority
among operators can respond to the fragility of female independent microenterprises and the domestic
responsibility associated with women [28].

The foregoing notion is that gender is a factor related to the amount of CO2 emissions produced by
commercial grills and is explained by the logic that if there is an increase in the general unemployment
rate, then there will be an increase (slightly lower due to of gender issues since women are the ones
with the highest unemployment rates [30]) in the unemployed male population, who are mostly the
economic support of the homes in countries such as Mexico and particularly in the state of Veracruz
(in 2003, there was a male presence of 97.1% in state economic participation [30]). This favours
the establishment of informal jobs with a gender focus in the service sector, which require little
specialization and technology, such as the grills studied. According to Ariza [30], this logic is
manifested in an inverse way; in her work, she mentions that, in Veracruz, women are the unemployed
population who dedicate the most to informal jobs related to commerce, restaurants, and hotels.
However, she confirms that the loss of salaried jobs affected the male population to a greater extent.
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The average schooling of operators is 9.3 years, where 20% completed primary school, 50%
secondary school, 23% high school, and 7% completed a bachelor’s degree. While the average
experience in this area is 9.29 years, with a range of 0.5 to 25 years, individuals with less experience
were among 70% of the population, while the remaining 30% gathered those whose experience ranged
from 10 to 25 years.

In this sector, the average schooling is higher than the national average schooling for informal
establishments (70% with secondary school completed) due to the presence of 30% of people with high
school and college completed, directed to work in formal grills.

Even though the school level of the group corresponds to secondary, it is still low to access formal
quality jobs, making this activity a job opportunity for a population with educational limitations [31].
While the limited experience of the majority of the grill operators is associated with the insertion in
the formal labour sector by recent hiring and insertion in the informality by the loss or reduction of
the family income [27], the presence of informal operators (owners) with more experience exhibits a
possible family tradition (activity transferred from parents to children) and a profitability that equals
or exceeds the formal sector [31].

Regarding training or informal education, 17% of operators received instruction in the handling
of equipment, while the rest did not.

Those trained correspond to those who work in formal establishments, since when belonging to
franchise-type restaurant chains, their training program to standardized processes is included in their
business plan [32].

Grills offer products from chicken (27%), beef (7%), and pork (3%), though their offer is mostly
(63%) mixed.

This offer of grilled meats in Veracruz, as in the rest of the country, responds to consumer
preferences, mainly influenced by the real price, in addition to the consumers’ income and the prices of
substitute meats [33]. The availability in the market, customs, and regional gastronomy also influence
such demand [34]. According to per capita consumption, chicken meat is the most accepted (32.1%),
followed by pork (18%) and beef (14.8%), which are produced in the state of Veracruz, guaranteeing its
supply at competitive prices [35–37].

The acceptance of chicken meat in popular cuts or whole is due to the fact that it is the most
accessible animal protein for low and medium income consumers [38]. For medium and high strata,
beef has the highest consumption outside of home, associated with festive aspects and special cuts [39].
With respect to pork, the behaviour is similar to the consumption of chicken and acts as a substitute
product, since the consumption of popular cuts is higher among people with low and medium income;
however, only 53% of consumers buy it [40].

The fuel used for grilling is 74% firewood, 23% charcoal, and 3% mixed. The origin of the wood
is unknown to 73% of the operators, while 27% of them are knowledgeable; 14% of the firewood
corresponds to huisache Acacia farnesiana, whereas 14% of charcoal is mesquite Prosopis glandulosa,
9% oak Quercus sp., and 9% mango Mangifera indica. The firewood used is purchased from local
suppliers by 87% and the remaining 13% is collected. In the case of charcoal, 96% is purchased and the
same user produces 4%.

In tropical areas, wood used as fuel in cooking food is collected in rural areas where there is
abundant dry vegetation that is detached or standing dry [41], although it is also extracted by logging
or by its waste [42]. Thus, the sale of firewood is a small-scale activity performed by producers,
plantation owners, or rural micro-entrepreneurs [41,43].

Another source of wood for firewood used in cooking food is post-production waste from port and
industrial activity; such is the case of pallets used in the loading and unloading of various goods [44].
Even though this activity is a form of reuse, it presents a risk to final consumers and operators of
the grills since the wood used in the manufacturing of pallets must be fumigated in accordance with
current phytosanitary regulations [45].
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The use of firewood migrated to cities as an alternative of low-cost fuel for marginal homes
and specialized commercial establishments, since they only pay for the labour of the collector and
the transport of the purchased cargo, besides not needing high technology for its exploitation [46].
Although its use in urban households is minimal, among grilled meat merchants, its usage, as in rural
areas, is rooted in cultural issues related to the taste of food, which is the same for charcoal [47,48].
Charcoal is widely used in grills where there is a lack of abundant vegetation nearby [49].

The preferences for the type of firewood lie in its production properties of fire type, smoke
emission, and humidity percentage.

In the 30 aforementioned establishments, the grills remain lit on average 8.5 h, in a range of 4 to
16 h. Working an average of 311.66 days per year, with a range of 96 to 365 days, six establishments
were found in the maximum range, while five were in the minimum. The remaining 19 work between
288 and 354 days per year.

According to the working days of the grills, the consumption of grilled meats in Veracruz is
constant, since 62% are open 7 days per week, 24% are open 6 days per week, and 14% are open
on weekends.

Stalls and restaurants of grilled meats are a cross-cultural adaptation to the concept of fast food
restaurants. In the same manner that fast food establishments offer foods with intense flavours,
palatability, and ease of purchase [50], grills offer dishes prepared with traditional recipes ready to go
and consume, complemented with rice, tortillas, sauces, and drinks at affordable prices, that, like other
street foods, are an alternative to homemade food [6,51].

Food consumers outside their homes are divided into occasional and frequent, who buy prepared
foods up to ten times a month and prefer to eat traditional dishes, including grilled meats [5].

Current grilled meats consumers are modern economic actors who evolved by adapting to
changes in contemporary lifestyle characterized by a wide range of products, hedonic satisfaction
for consumption itself, health aspects associated with food, insertion of women in working life,
the economic situation of the country, and socio-economic demographic aspects, among others [52].

The proliferation of formal and informal establishments that sell grilled meats offers a service to
people who are on their way home. They respond to the economy of mobility by minimizing energy
and economic expenditure in the activities of buying and selling food, by locating in highly populated
areas of different socio-economic strata. The itinerant offer is concentrated in mobile and semi-fixed
stalls in popular areas, while the established offer focuses on popular restaurants or luxury chain
restaurants located in medium or high stratum areas [25].

The technological equipment was characterized by the presence of extraction and filtration devices,
the temperature measurement of the grill, the type of grill or oven used in the grilling, and the handling
of residual ashes.

In 80% of the grills, there are chimneys for the extraction of gases, but they do not confine them
inside the equipment, nor do they have ventilation to direct them towards an exit duct, causing that
part of them to remain inside the establishments and be inhaled by the employees. In the remaining
20%, there is no extraction of any type, since they operate in the open. As for the filters in the chimneys,
their presence was not identified in any establishment. The temperature of the grills was measured in
13% of the establishments.

To identify the type of grilling equipment, a previous empirical classification of the existing
equipment in the local market was made; the isolation characteristics of the process, construction
materials, the extraction of their emissions, and their design bases in function of its application were
considered (Table 5).

Considering the previous classification, it was identified that professional grills without a cap are
the most common (61%) and professional ovens and grills with a cap are the least used (3%). However,
all types of grills operate in the municipality: semi-professionals without a cap (13%), semi-professional
with a cap (13%), and rustic oven (7%).
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Table 5. Empirical classification of existing equipment in the market.

Type Name Characteristics

1 Professional grill
without cap

Grill manufactured under construction and operational specifications; weather resistant; made with
steel coated with porcelain, or with bricks and concrete; covered with thermal insulation that confines
and allows better control of heat; has removable ashtray or gate for the extraction of ash; includes a
space for the deposit of charcoal or firewood, which should allow a uniform distribution and motility
at free demand; in addition, a grill with adjustable height for a variety of meats in the grill, or a height
between 25 cm and 35 cm for when its destined to a single type of grilled meat; and includes the
following elements: thermometer, channel for fat draining, and wheels.

2 Professional grill
with cap

Grill manufactured under construction and operational specifications; weather resistant; made with
steel coated with porcelain, or with bricks and concrete; covered with thermal insulation that confines
and allows better heat control; has removable ashtray or gate for the extraction of ash; has a space for
the deposit of coal or firewood, which allows a uniform distribution and motility at free demand; has
a grill with adjustable height for a variety of meats in the grill, or a height between 25 cm and 35 cm
when it is destined to a single type of grilled meat; includes a cap that allows the confinement of the
heat and the smoke of the grilling area; and includes the following elements: thermometer and a
channel for fat draining.

3 Artisan grill
without cap

Grill manufactured with materials other than those specified for this purpose, does not have design
or operational specifications, and does not have a cap.

4 Artisan grill
with cap

Grill manufactured with materials other than those specified for this purpose, does not have design
or operating specifications, includes a cap, and is generally known as “chulengo”.

5 Rustic oven
Built without constructive nor operative specifications, with materials not suitable for high
temperatures, does not retain heat efficiently, does not allow an optimal performance in energy
consumption and heat retention, may include base, door, chimney, and thermometer.

6 Professional oven

Built under constructive and operative specifications, with refractory material for high temperatures
(1350 ◦C maximum) with a minimum heat retention of 24 h, with a low inferior vault between 31 cm
and 41 cm that allows an optimal performance in energy consumption and heat retention, includes
base, door, chimney, and thermometer.

Regarding the handling of ashes, it was identified that the majority of establishments (83%)
dispose of it as waste without prior treatment, and 17% use it as compost.

Most of the grill equipment (73%) is confined in spaces with exclusive access by operative
personnel, and 27% are out in the open.

Around the world, there are diverse types of grills in accordance with the socio-economic
development of the country or region where they are occupied. As in the study area, grills vary
according to the socio-economic level of their location, but can be typified by agreement with common
characteristics. Grills are classified according to the design, the construction material, the type of fuel
to be used, and portability [53].

Most grills observed are inefficient to conserve heat and achieve energy efficiency, are unsafe, and
produce emissions harmful to health and the environment [53].

4. Use of Technology

The previous technological variables were integrated into the Use of Technology Level (UTL)
variable to show the level of technical excellence of this sector. The group of establishments obtained
an average score of 5.9 points from a base 10 scales, being placed in a bad UTL due to the presence of
73% of establishments with zero technology level, 20% very bad, and 7% bad, where the use of filters
and ash management obtained the lowest scores (0.0 and 0.25). The highest score was obtained in the
type of grill used (3.70), which, although it was the best qualified, its value is still low in relation to the
optimum (Table 6).

Table 6. Grading of Use of Technology Level for the group of grills in Boca Del Río, Veracruz, Mexico.

Index Variables

Use of Technology Level Smoke
Extraction

Smoke
Filtration

Ash
Handling

Temperature
Measurement

Type of
Grill/Oven Total

Optimum 5.00 50.00 5.00 10.00 30.00 100.00
Group 1.15 0.00 0.25 0.80 3.70 5.90

Average 0.04 0.00 0.01 0.03 0.12 0.20
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The UTL showed a direct association (r = 0.400; significant at level 0.05 (bilateral)) with the
variable years of experience, which evidenced that those establishments that have been working for
more years have adapted their equipment to improve their performance, so this sector presents an
empirical technological development.

No specific information was found on the evaluation of the technological level of the commercial
grills, so this categorization serves as a baseline for future research. However, regarding the subject,
some authors mention that, in Mexico, the equipment used in semi-fixed or mobile grills are of rustic
manufacturing, and the fixed grills include more technological elements, such as ventilation openings,
fat traps, or air filters [54,55].

It is also mentioned that the design, technology, and construction materials of the grilling devices,
as well as the utensils used for the process influence its efficiency to transfer heat, which, in turn,
is related to the amount of wood consumed [53]. Likewise, this technology influences the nutritional
and health quality of the meats offered to the consumers, and even in the quantity and quality of the
emissions derived by the cooking process [51].

5. Estimation of Emissions

Through the theoretical model of quantification of CO2 production, it was determined that
the group of 30 grills emits 33,639.37 kg of CO2 per week into the atmosphere (Table 7), where the
amount of emissions varies considerably according to the establishment and the type of biomass used.
However, six sites (10, 11, 15, 16, 17, and 18) stand out due to the CO2 emission higher than 2000 kg
per week (Figure 2).

Table 7. CO2 production by biomass type.

CO2 Emissions (kg) Per Week

Type of
Biomass

Number of
Grills Total (kg) Percentage

Participation (%)
Average

(kg)
Minimum

(kg)
Maximum

(kg)

Charcoal 22 21,059.34 63 957.24 33.55 4026.00
Firewood 7 8874.28 26 1267.75 549.00 2745.00

Mixed 1 3705.75 11 3705.75 DNA * DNA *
Total 30 33,639.37 100 1121.31 33.55 4026.00

* Does Not Apply.
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This variation in the amount of emission per establishment agrees with that affirmed by
McDonald et al. [56] in their study on charcoal and grilled meat emissions, where they mention
that the emissions vary according to the type of grill, meat, amount of fat, and meat preparation.
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According to the average emission, the biomass that produces the highest CO2 emission is the
mixed one (mixture of charcoal and firewood), followed by firewood, then charcoal. It is pertinent
to note that although only one establishment uses this mixture, by itself it produces 11% of the total
emissions, being 6% higher than the average per unit (5%). Therefore, special attention should be
given to discouraging the use of this type of fuel.

In 12 of the 30 establishments, 75% of the total of emissions were concentrated, representing
25,155.53 kg of CO2 per week. For this group, Type 1 grilling equipment is the most used (50%), while
the meat grilled the most is the mixed type. On average, these establishments operate 354 days per
year for 5.9 days per week, and the grills remain afire for 9.13 h per day.

The amount of weekly emission was directly associated with the amount of firewood and charcoal
consumed in the process (r = 0.36, r = 0.43; significant at level 0.05 (bilateral)), as well as economic issues
related to the number of days worked per week and the hours of daily operation of the establishments
(r = 0.69 y r = 0.59; significant at level 0.05 (bilateral)). The technological aspects are reflected in
the emissions through the height of the chimneys of the establishments (r = 0.53; significant at level
0.05 (bilateral)).

The emissions associated with the economic variables indicated an energy and economic
expenditure that could depend on bad management practices derived from the scarce training among
the population. According to the statistical evidence, we cannot affirm that the emissions depend
directly on the technological level of the establishments, nevertheless, the design and suitable materials
of construction, the use of filters, the height of the chimneys, and the use of equipment that contain
and monitor the cooking temperature could influence a significant reduction of emissions due to the
increase in heat transfer efficiency and the corresponding fuel reduction.

In accordance with the number of weeks worked per year, it was estimated that the annual
production of CO2 released into the atmosphere by the group of grills is 134.56 tons. This production
is equivalent to the annual combustion of 59,016.43 L of gasoline (1 L = 0.47 kg = 2.28 kg/CO2) or
87,946.05 of ethanol (1 L = 0.80 kg= 1.53 kg/CO2) [57].

If the annual CO2 production estimated for the group under study becomes the CO2 emission
produced by a vehicle, 1,130,734.96 km would have been covered (the gasoline needed to travel 1.00 km
emits 119.0 g of CO2 according to the optimal level of combustion of a vehicle) [57].

Considering the proportion of grills by number of inhabitants of the municipality of Boca del Río
(0.021%), it was estimated that in the Veracruz–Boca del Río–Medellin conurbation, up to 175 grills
could be found whose collective CO2 production would be greater than 783 thousand tons/year.
With this information, it is established that the amount of grill emissions in the urban zone is
equivalent to the CO2 emissions of a vehicular fleet of 527 private units (on average, a vehicle travels
12,487.00 km/year and produces 1485.95 tons of CO2/year) [58].

The above estimates support the claim that the emissions produced by commercial meat grills
are important micro-fixed sources of greenhouse gases, which impact globally on climate change and
locally on the acidification of the sea, since the CO2 concentration varies according to the topography
and meteorological factors of the region and the behaviour of long-stay gases [59].

This thesis has been shared by authors from different countries since the end of last century,
and first identified air pollutants (particulate matter, aerosol, organic carbon, volatile organic
compounds, carbonyl compounds, polycyclic aromatic hydrocarbons, etc.) and their effects on
health [60–63] to later include CO2 as an atmospheric pollutant because it is a greenhouse gas with
contribution to current climate change [64–66].

Different meat presentations, preparation methods, cooking devices, and fuels were evaluated,
charcoal being the most studied due to its abundant use worldwide [56]. The measurements have been
made using different techniques and evaluation standards, whose results were used to build national
inventories of emissions and national standards related to the production of pollutants considered
a risk to health and the environment [67], where the equipment destined to the trade of grilled
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foods, fuels used, and the maximum permissible concentration of the pollutants emitted by these are
regulated [68].

Particularly, in China, the acceptable CO2 standard is a concentration of 10 mg/m3, however
there are variations from 0.16 mg/m3 to 0.80 mg/m3 in the concentration of emissions from typical
restaurants in the country where charcoal briquettes are used as fuel [64]. Korean barbecued meats
prepared inside the establishments obtained an average CO2 emission of 1648 ppm in a range from
136 to 1868 ppm, and meat prepared outdoors obtained an average of 512 ppm in a range of 461 to
609 ppm. The first are above the established ranges for air quality, this being 1000 ppm (8 h average).
The high concentration of CO2 was associated with inadequate ventilation [65]. The emissions of
Chinese restaurants have been compared with the emissions produced by automobiles, such as in the
case of the work of Ho et al. [66], which measured the production of carbonyls produced by different
types of restaurants that included meat grills.

While in Mexico, Watson and Chow [69] characterized the smokes produced by the burning of
charcoal in the cooking of meat, fats, and charred meats in different hours of service of commercial
grills; the results showed a chemical profile of 48 components, with the highest concentration (PM10)
being the organic carbon (OC) and water-soluble non-organic compounds such as chlorine (Cl, Cl−)
and potassium (K, K+). In this burn, the concentration of the total mass of OC was 58± 7.5% to 72± 4%,
slightly higher than that produced by plant burning (including domestic firewood, agricultural waste,
and domestic garbage), whose concentration was 56 ± 15%; the concentration by burning charcoal
was higher than that emitted by automotive combustion (45 ± 18%).

The CO2 emitted by the burning of charcoal in the grilling of beef and chicken has also been
monitored with devices calibrated in the range of 0% to 20%, where measurements were reported from
0.73% to 1.30%, which at that time were considered reasonable, nevertheless they were associated with
the emissions by the burning of charcoal. This study mentions that the use of meshes placed in the
chimneys function as emission control devices [63].

6. Conclusions

Commercial food grills as fast-food outlets are important micro-fixed sources of pollutants due to
the great variety of organic and inorganic compounds they produce, whose presence in the atmosphere
impacts the health of people and the planet. The use of firewood and charcoal as fuel, cooking
practices (temperature and time), meats and their ingredients, and the equipment used influence
the amount of emissions. The main sources of CO2 emissions are the incomplete combustion of
biomass or the use of biomass with low energy efficiency. There are technological devices in the
market and adequate food cooking practices that can control emissions when incorporated in the
operations of the grills, a situation that is unknown or ignored by the owners of the establishments
and the government. There are no environmental regulations or emission standards that regulate
this activity, so its inclusion in municipal, state, and national inventories is recommended for further
professionalization and regulation.

Acknowledgments: We thank to the Consejo Nacional de Ciencia y Tecnología (CONACYT) for the postgraduate
scholarship awarded, No. 669521. To the Tecnológico Nacional de México/Instituto Tecnológico de Boca del Río
(ITBOCA) for the funding granted to the present investigation. To the Programa para el Desarrollo Profesional
Docente, para el Tipo Superior/Secretaria de Educación Pública (PROMEP/SEP) for the postdoctoral stay
scholarship. Last but not least, to the program of Master’s Degree in Environmental Engineering of the ITBOCA
for the support in publishing this article.

Author Contributions: Veronica Lango-Reynoso, Jonathan López-Spiegel, Fabiola Lango-Reynoso,
and María del Refugio Castañeda-Chávez conceived and designed the experiments; Jonathan López-Spiegel
performed the experiments; Jonathan López-Spiegel, Veronica Lango-Reynoso, and Jesús Montoya-Mendoza
analyzed the data; Fabiola Lango-Reynoso and María del Refugio Castañeda-Chávez contributed with
reagents/materials/analysis tools; Veronica Lango-Reynoso wrote the paper.

Conflicts of Interest: The authors declare no conflict of interest.



Sustainability 2018, 10, 464 12 of 14

References

1. Ghilardi, A.; Guerrero, G.; Masera, O. Spatial analysis of residential fuelwood supply and demand patterns
in Mexico using the WISDOM approach. Biomass Bioenergy 2007, 31, 475–491. [CrossRef]

2. Masera, O.; Drigo, R.; Trossero, M. Woodfuels Integrated Supply/Demand Overview Mapping. WISDOM.
A Methodological Approach for Assessing Woodfuel Sustainability and Supporting Wood Energy Planning; FAO:
Rome, Italy, 2003. Available online: http://www.fao.org/docrep/005/Y4719E/Y4719E00.HTM (accessed on
8 May 2017).

3. Torres, T.F. El abasto de alimentos en México hacia una transición económica y territorial. Probl. Desarro.
2011, 42, 63–84.

4. Villagómez, P. Entre lo que se debe y lo que se puede: Percepción y satisfacción de necesidades alimentarias
en la Ciudad de México. Acta Sociol. 2016, 70, 99–128. [CrossRef]

5. Camarena, G.D.M.; Sandoval, G.S.A.; Domínguez, I.S.E. Actitud hacia el consumo de comidas
étnicas/internacionales y tradicionales en el norte de México. Agroalimentaria 2011, 17, 87–97.

6. García-Garza, D. Una etnografía económica de los tacos callejeros en México. El caso de Monterrey.
Estudios Soc. 2011, 19, 31–63.

7. Muro, H.A.T.; Paredes, J.N.A.; Bravo, C.A.P. Evaluación de impacto ambiental producido por el uso de
cocinas tradicionales en el área de conservación regional Vilacota-Maure de la región Tacna. Inf. Téc. 2012,
76, 13–25. [CrossRef]

8. Fajardo, S.; Zambrano, D.; Pachón, J.; Chaparro, R. Estimación de las emisiones atmosféricas provenientes de
fuentes comerciales de la ciudad de Bogotá. In V Congreso Colombiano y Conferencia Internacional de Calidad
del Aire y Salud Pública, Bucaramanga, Colombia, 10–14 August 2015; Taro, M.K., Ed.; Universidad Pontificia
Bolivariana: Bucaramanga, Colombia, 2015; pp. 211–237.

9. Secretariat of Environment and Natural Resources (SEMARNAT). Inventario Nacional de Emisiones de Gases
de Efecto Invernadero 1990–2010; Secretaría de Medio Ambiente y Recursos Naturales: México City, Mexico,
2013; p. 384.

10. SENER-CFE. Atlas de Almacenamiento Geológico de CO2, México; Secretaría de Energía. Comisión Federal de
Electricidad: México City, Mexico, 2012; p. 40. Available online: http://co2.energia.gob.mx/res/ATLAS%
20FINAL.pdf (accessed on 27 December 2017).

11. SEDEMA Inventario de Emisiones. Available online: http://www.veracruz.gob.mx/medioambiente/
inventario-de-emisiones/ (accessed on 27 December 2017).

12. Granados Ramírez, R.; Medina Barrios, M.; Peña Manjarrez, V. Variación y cambio climático en la vertiente
del Golfo de México: Impactos en la cafeticultura. Rev. Mex. Cienc. Agríc. 2014, 5, 473–485.

13. Vergara Tenorio, M.; Ellis, E.A.; Aguilar, C.; Antonio, J.; Alarcón Sánchez, L.D.C.; Galván del Moral, U.
La conceptualización de las inundaciones y la percepción del riesgo ambiental. Política Cult. 2011, 36, 45–69.

14. Yáñez-Arancibia, A.; Day, J.W.; Twilley, R.R.; Day, R.H. Manglares: Ecosistema centinela frente al cambio
climático, Golfo de México. Madera Bosques 2014, 20, 39–75. [CrossRef]

15. Gay, C.; Estrada, F.; Conde, C.; Eakin, H. Impactos potenciales del Cambio Climático en la agricultura:
Escenarios de producción de café para el 2050 en Veracruz (México). El Clima, entre el Mar y la Montaña 2004,
4, 651–660.

16. INEGI México en cifras. Available online: http://www3.inegi.org.mx/sistemas/mexicocifras/default.aspx?
e=30 (accessed on 4 May 2017).

17. INAFED. Enciclopedia de los municipios y delegaciones de México. Secretaría de Gobernación Mexico. 2010.
Available online: http://www.inafed.gob.mx/work/enciclopedia/ (accessed on 26 October 2017).

18. GCE-ONU. Manual del Sector de la Energía, Quema de combustibles; Organización de las Naciones Unidas:
New York, NY, USA, 1996; p. 43.

19. Muro, H.A.T. Evaluación de impacto ambiental producido por el uso de leña en zonas rurales de la región
Tacna. Cienc. Desarro. 2011, 13, 92–100.

20. FAO. Métodos Simples Para Fabricar Carbón Vegetal; FAO: Roma, Italia, 1983. Available online: http://www.
fao.org/docrep/X5328S/X5328S00.htm (accessed on 12 May 2017).

21. Alonso, G.R.; Bayarre, V.H.; Artiles, V.L. Construcción de un instrumento para medir la satisfacción personal
en mujeres de mediana edad. Rev. Cuba. Salud Pública 2004, 30, 2. Available online: http://scielo.sld.cu/
scielo.php?script=sci_arttext&pid=S086434662004000200006&nrm=iso (accessed on 6 October 2017).

http://dx.doi.org/10.1016/j.biombioe.2007.02.003
http://www.fao.org/docrep/005/Y4719E/Y4719E00.HTM
http://dx.doi.org/10.1016/j.acso.2017.01.005
http://dx.doi.org/10.23850/22565035.25
http://co2.energia.gob.mx/res/ATLAS%20FINAL.pdf
http://co2.energia.gob.mx/res/ATLAS%20FINAL.pdf
http://www.veracruz.gob.mx/medioambiente/inventario-de-emisiones/
http://www.veracruz.gob.mx/medioambiente/inventario-de-emisiones/
http://dx.doi.org/10.21829/myb.2014.200147
http://www3.inegi.org.mx/sistemas/mexicocifras/default.aspx?e=30
http://www3.inegi.org.mx/sistemas/mexicocifras/default.aspx?e=30
http://www.inafed.gob.mx/work/enciclopedia/
http://www.fao.org/docrep/X5328S/X5328S00.htm
http://www.fao.org/docrep/X5328S/X5328S00.htm
http://scielo.sld.cu/scielo.php?script=sci_arttext&pid=S086434662004000200006&nrm=iso
http://scielo.sld.cu/scielo.php?script=sci_arttext&pid=S086434662004000200006&nrm=iso


Sustainability 2018, 10, 464 13 of 14

22. Moriyama, I. Problems in the Measurement of Health Status. In Indicators of Social Change: Concepts and
Measurements; Sheldon, E.B., Moore, W.E., Eds.; Russell Sage Foundation: New York, NY, USA, 1968;
pp. 563–600.

23. Torres, C.A.B. Metodología de la Investigación: Para Administración, Economía, Humanidades y Ciencias Sociales;
Pearson Educación: Bogotá, Colombia, 2010; p. 320.

24. Van Gich, J.P. Teoría General de Sistemas; Trillas: México City, Mexico, 1990.
25. Duhau, E.; Giglia, A. Nuevas centralidades y prácticas de consumo en la Ciudad de México: Del microcomercio

al hipermercado. EURE (Santiago) 2007, 33, 77–95. [CrossRef]
26. Posso, C.M. Calidad del empleo y segmentación laboral: Un análisis para el mercado laboral colombiano

2001–2006. Desarro. Soc. 2010, 65, 191–234.
27. Campos, V.R.M.; Monroy-Gómez-Franco, L.A. La relación entre crecimiento económico y pobreza en México.

Investig. Econ. 2016, 75, 77–113. [CrossRef]
28. Papail, J.; Robles-Sotelo, F. El trabajo femenino independiente en México en época de recesión económica:

Los años 2005–2012. Pap. Poblac. 2014, 20, 57–80.
29. Horbath, J.E.; Gracia, A. Discriminación laboral y vulnerabilidad de las mujeres frente a la crisis mundial en

México. Econ. Soc. Territ. 2014, 14, 465–495. [CrossRef]
30. Ariza, M. Mercados de trabajo urbanos y desigualdad de género en México a principios del siglo XXI.

Situac. Trab. Méx. 2006, 2006, 377–411.
31. Torres, J.C.V.; Aguirre, L.R.D. Trabajo informal y economía informal en México. Un acercamiento teórico.

Eur. Sci. J. 2015, 11, 231–251.
32. Jakle, J.A.; Sculle, K.A. Fast Food: Roadside Restaurants in the Automobile Age; JHU Press: Baltimore, MD, USA, 2002.
33. Pérez Vera, F.D.C.; Damián, M.; Ángel, M.; García Mata, R.; Espinosa Trujillo, M.A. Efecto simultáneo entre

los precios al consumidor de las principales carnes consumidas en México. Rev. Mex. Cienc. Agríc. 2015, 6, 239–251.
34. Vilaboa-Arroniz, J.; Díaz-Rivera, P.; Ruiz-Rosado, O.; Platas-Rosado, D.; González-Muñoz, S.;

Juarez-Lagunes, F. Patrones de consumo de carne bovina en la región del Papaloapan, Veracruz, México.
Agric. Soc. Desarro. 2009, 6, 145–159.

35. Fideicomisos Instituidos en Relación con la Agricultura (FIRA). Carne de Bovino 2017. In Dirección de
Investigación y Evaluación Socioeconómica y Sectorial; FIRA: México City, Mexico, 2017; p. 29.

36. Fideicomisos Instituidos en Relación con la Agricultura (FIRA). Avicultura carne 2016. In Dirección de
Investigación y Evaluación Socioeconómica y Sectorial; FIRA: México City, Mexico, 2017; p. 28.

37. Fideicomisos Instituidos en Relación con la Agricultura (FIRA). Carne de cerdo 2016. In Dirección de
Investigación y Evaluación Socioeconómica y Sectorial; FIRA: México City, Mexico, 2017; p. 34.

38. Arenas-Hernández, A.M.; Mora-Flores, J.S.; García-Mata, R.; Téllez-Delgado, R.; Gaytán, C.N. Caracterización
de consumidores de carne de pollo en la Zona Metropolitana del Valle de México. Rev. Geogr. Agríc. 2010, 45, 49–56.

39. Taddei, C.; Preciado, M.; Robles, J.; Garza, C. Patrones de consumo de carne en el noroeste de México.
Estudios Soc. 2012, 2, 75–96.

40. Cortés Tinoco, G.F.; Mora Flores, J.S.; García Mata, R.; Ramírez Valverde, G. Estudio del consumo de la carne
de cerdo en la zona metropolitana del Valle de México. Estudios Soc. 2012, 20, 315–351.

41. Quiroz-Carranza, J.; Orellana, R. Uso y manejo de leña combustible en viviendas de seis localidades de
Yucatán, México. Madera Bosques 2010, 16, 47–67. [CrossRef]

42. González, M.A.C. La extracción y consumo de biomasa en México (1970–2003). Integrando la leña en la
contabilidad de flujos de materiales. Rev. Iberoam. Econ. Ecol. 2007, 6, 1–16.

43. Manzone, M.; Spinelli, R. Efficiency of small-scale firewood processing operations in Southern Europe.
Fuel Proc. Technol. 2014, 122, 58–63. [CrossRef]

44. Salas-Jiménez, J.C. Usos y comercialización de desechos sólidos industriales. Rev. Tecnol. Marcha 2005,
18, 53. Available online: http://revistas.tec.ac.cr/index.php/tec_marcha/article/view/16 (accessed on
3 November 2017).

45. FAO. Normas Internacionales Para Medidas Fitosanitarias. Directrices Para Reglamentar el Embalaje de Madera
Utilizado en el Comercio Internacional; NIMF No. 15; Secretaría de la Convención Internacional de Protección
Fitosanitaria: Roma, Italy, 2003.

46. Meza, C.; Narváez, C. Determinantes en la elección del tipo de combustible para cocción de alimentos en
asentamientos humanos. Encuentro 2010, 85, 5–26. [CrossRef]

http://dx.doi.org/10.4067/S0250-71612007000100005
http://dx.doi.org/10.1016/j.inveco.2016.11.003
http://dx.doi.org/10.22136/est002014382
http://dx.doi.org/10.21829/myb.2010.1621172
http://dx.doi.org/10.1016/j.fuproc.2014.01.025
http://revistas.tec.ac.cr/index.php/tec_marcha/article/view/16
http://dx.doi.org/10.5377/encuentro.v42i85.56


Sustainability 2018, 10, 464 14 of 14

47. Sandoval, G.S.A.; Camarena, G.D.M. Consumo de alimentos de la población sonorense: Tradición versus
internacionalización. Estudios Soc. 2012, 2, 55–72.

48. Albarrán, C.A.Y.; León, A.C.; Gómez, M.U.; Bueno, A.L.; Torres, R.M. Árboles nativos con potencial
dendroenergético para el diseño de tecnologías agroforestales en Tepalcingo, Morelos. Rev. Mex. Cienc. Agríc.
2016, 16, 3301–3313.

49. Serrano-Medrano, M.; Arias-Chalico, T.; Ghilardi, A.; Masera, O. Spatial and temporal projection of fuelwood
and charcoal consumption in Mexico. Energy Sustain. Dev. 2014, 19, 39–46. [CrossRef]

50. Moliní, M. Repercusiones de la comida rápida en la sociedad. Trastor. Conduct. Aliment. 2007, 6, 635–659.
51. Adeyeye, S.A.O. Effect of Processing Methods on Quality and Safety of Suya, a West African Grilled Meat.

J. Culin. Sci. Technol. 2017, 15, 158–170. [CrossRef]
52. Jasso, I.M.; Becerra, P.A.V. Importancia del consumo de carnes, pescados y mariscos en la alimentación en

México. Efectos del ingreso y factores socioeconómicos sobre su gasto. Ens. Rev. Econ. 2001, 20, 1–52.
53. Urmee, T.; Gyamfi, S. A review of improved Cookstove technologies and programs. Renew. Sustain.

Energy Rev. 2014, 33, 625–635. [CrossRef]
54. CICA. Técnica Para Calcular Emisiones de Categorías de Fuentes Únicas en su Género en Mexicali, México;

U.S.-México Border, Information Center on Air Pollution: Research Triangle Park, NC, USA, 1999.
55. Suh, L. Emisión de los Aparatos de Cocina de los Vendedores Ambulantes (Asaderos al Carbón); Reporte Final EPA;

United States Environmental Protection Agency (EPA): Washington, DC, USA, 1999.
56. McDonald, J.D.; Zielinska, B.; Fujita, E.M.; Sagebiel, J.C.; Chow, J.C.; Watson, J.G. Emissions from charbroiling

and grilling of chicken and beef. J. Air Waste Manag. Assoc. 2003, 53, 185–194. [CrossRef] [PubMed]
57. Mosquera, J.D.; Henao, F.S.; Mosquera, J.C. Análisis de emisiones de CO2 para diferentes combustibles en la

población de taxis en Pereira y Dosquebradas. Sci. Tech. 2010, 2, 141–146. [CrossRef]
58. Solís-Ávila, J.C.; Sheinbaum-Pardo, C. Consumo de energía y emisiones de CO2 del autotransporte en

México y escenarios de mitigación. Rev. Int. Contam. Ambient. 2016, 32, 7–23.
59. Martínez-Prado, M. Estimación de las emisiones de gases de efecto invernadero para el estado de Durango,

México. Rev. Mex. Ing. Quím. 2016, 15, 575–601.
60. Hildemann, L.M.; Markowski, G.R.; Jones, M.C.; Cass, G.R. Submicrometer Aerosol Mass Distributions

of Emissions from Boilers, Fireplaces, Automobiles, Diesel Trucks, and Meat-Cooking Operations.
Aerosol Sci. Technol. 1991, 14, 138–152. [CrossRef]

61. Schauer, J.J.; Rogge, W.F.; Hildemann, L.M.; Mazurek, M.A.; Cass, G.R. Source Apportionment of Airborne
Particulate Matter Using Organic Compounds as Tracers. Atmos. Environ. 1996, 30, 3837–3855. [CrossRef]

62. Venkataraman, C.; Friedlander, S.K. Source Resolution of Fine Particlulate Polycyclic Aromatic Hydrocarbons
Using a Receptor Model Modified for Reactivity. J. Air Waste Manag. Assoc. 1994, 44, 1103–1108. [CrossRef]

63. Lee, S.Y. Emisión de los Aparatos de Cocina de los Vendedores Ambulantes (Asaderos al Carbón); U.S. Environmental
Protection Agency, Office of Research and Development: Washington, DC, USA, 1999.

64. Wang, L.; Xiang, Z.; Stevanovic, S.; Ristovski, Z.; Salimi, F.; Gao, J.; Wang, H.; Li, L. Role of Chinese cooking
emissions on ambient air quality and human health. Sci. Total Environ. 2017, 589, 173–181. [CrossRef] [PubMed]

65. Lee, S.C.; Li, W.-M.; Chan, L.Y. Indoor air quality at restaurants with different styles of cooking in
metropolitan Hong Kong. Sci. Total Environ. 2001, 279, 181–193. [CrossRef]

66. Ho, S.S.H.; Yu, J.Z.; Chu, K.W.; Yeung, L.L. Carbonyl emissions from commercial cooking sources in Hong
Kong. J. Air Waste Manag. Assoc. 2006, 56, 1091–1098. [CrossRef] [PubMed]

67. Kim, K.-H.; Pandey, S.K.; Kabir, E.; Susaya, J.; Brown, R.J. The modern paradox of unregulated cooking
activities and indoor air quality. J. Hazard. Mater. 2011, 195, 1–10. [CrossRef] [PubMed]

68. Roe, S.M.; Spivey, M.D.; Lindquist, H.C.; Hemmer, P.; Huntley, R. National emissions inventory for
commercial cooking. In Proceedings of the 13th International Emission Inventory Conference, Clearwater,
FL, USA, 8–10 June 2004.

69. Watson, J.G.; Chow, J.C. Source characterization of major emission sources in the Imperial and Mexicali
Valleys along the US/Mexico border. Sci. Total Environ. 2001, 276, 33–47. [CrossRef]

© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1016/j.esd.2013.11.007
http://dx.doi.org/10.1080/15428052.2016.1225536
http://dx.doi.org/10.1016/j.rser.2014.02.019
http://dx.doi.org/10.1080/10473289.2003.10466141
http://www.ncbi.nlm.nih.gov/pubmed/12617292
http://dx.doi.org/10.22517/23447214.385
http://dx.doi.org/10.1080/02786829108959478
http://dx.doi.org/10.1016/1352-2310(96)00085-4
http://dx.doi.org/10.1080/10473289.1994.10467306
http://dx.doi.org/10.1016/j.scitotenv.2017.02.124
http://www.ncbi.nlm.nih.gov/pubmed/28262368
http://dx.doi.org/10.1016/S0048-9697(01)00765-3
http://dx.doi.org/10.1080/10473289.2006.10464532
http://www.ncbi.nlm.nih.gov/pubmed/16933641
http://dx.doi.org/10.1016/j.jhazmat.2011.08.037
http://www.ncbi.nlm.nih.gov/pubmed/21885193
http://dx.doi.org/10.1016/S0048-9697(01)00770-7
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Results and Discussion 
	Use of Technology 
	Estimation of Emissions 
	Conclusions 
	References

