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Abstract

Air pollution is one of the main environmental problems of modern society. The road and
transportation segment is a key source of polluting gases worldwide. In its research for transportation’s
emission reduction alternatives, the Brazilian government instituted a wide-spread biodiesel, adding
7% (B7) of biodiesel to the diesel used in the country. Therefore, studies such as this must be carried
out to guarantee the environmental sustainability of the new matrix of renewable energies, with the use
of biofuels, as well as evaluate the gases emitted to for the environment by the combustion of the same
ones. This work was detected CO, CO, and NO gas emissions released into the atmosphere from the
combustion of blends diesel/beef tallow biodiesel in a bench-scale engine. Using electrochemical
sensors, the of these gases concentration were successfully registered for two modes of operation of the
engine diesel, low rotation, 3500 rpm, and high rotation, 7000 rpm. The CO levels in this experiment in
low rotation varied between values minimum and maximum range of 866.7 to 1333.3 ppm, and in high
rotation, ranging of 666 and 1000 ppm respectively. For the CO, concentration in low rotation varied
between values minimum and maximum range of 2.1 to 2.4%, and high rotation, ranging of 2.2 to 2.5%,
and for NO concentrations of the samples for the mode low rotation had a variation of 83 to 109.5 ppm,
and for high rotation were 81.7 to 98.7 ppm respectively.
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1. Introduction
Emissions from transportation sector are one important source of air pollution. Reduction of the ozone
layer, acid rain, health problems and global warming (Seinfeld & Pandis, 2006; Hansen et al., 2008;

Meinshausen et al., 2009; Trenberth et al., 2015; Tian et al., 2016) are all direct consequences of this
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sort of impact of this pollution. The IPCC (International Panel on Climate Change, 2013) suggests the
increase of renewable energy use, i.e., bio-fuels, in order to mitigate pollutant gas emissions, most
notably greenhouse gases.

Brazil’s transportation segment is dominantly highway-based, having diesel as its primary fuel for
heavy load and mass transit. Diesel (Lloyd & Cackette, 2001; Schramm et al., 2003) is an ecologically
compromising combustible, causing a great deal of atmospheric pollution in major Brazilian cities
(Silva et al., 2012; André et al., 2012; Torricelli et al., 2013; Fajersztajn et al., 2013; Miraglia et al.,
2013). The government, with the intent of minimizing pollutant emissions in the transportation sector,
created an incentive program for the use of bio-fuels with a strong focus on biodiesel, seeking the
environmental sustainability of its energy matrix. The program started in 2005 with the aim of adding
2% of biodiesel (B2) to the regular diesel formula until 2008 (law n°® 11,097/2005) (ANP, 2016),
reaching a sum total of 7% by 2014. Following this notion, the heads of the project propose a biodiesel
increase of 10% (B10) come 2019 (law n°® 13.263/2016) (Anuario, 2016).

According to the ANP (National Petroleum Agency, 2015), biodiesel production amounted to 4 billion
m’ in Brazil, being the second largest producer in the world, only behind the USA. The raw matter
involved in biodiesel manufacture, soybean oil corresponds to 77.7%, beef tallow (18.8%), cotton oil
(2%) and other greasy materials compound 1.5% of total production (Anuario, 2016), as demonstrated
in Figure 1. Beef tallow, which was considered until recently, started being utilized as a bio-fuel
feedstock and has been gaining increasing importance as such.

Several studies are realized in this area, but using another detection technique and others types of
biodiesel produced by different raw materials, such as soybean oil, palm oil, sunflower (Rocha et al.,
2014; Amaral et al., 2016; Bicalho et al., 2016; Cardenas et al., 2016). The combustion of these blends
of biofuels and diesel in engines, allows the identification of the different polluting gases emitted for
the environment.

In this context, this article intends to monitor the emission levels for carbon monoxide (CO), carbon
dioxide (CO,) and nitrogen monoxide (NO) generated by the combustion of diesel/beef tallow biodiesel
blends in a standard diesel-based bench-scale car engine, operating in low and high rotation modes. The
purpose of this study is to investigate the viability of the utilized fuel, which is still an unknown
concoction, in requirement of judicious evaluation in different blends.

This tally is relevant given the damage inflicted upon human health and the environment caused by
greenhouse gases. CO, is the primal causer of the global greenhouse effect (IPCC, 2013). CO
modulates methane in the atmosphere (Briihl & Crutzen, 1999), aside from posing extreme danger to
human life (Townsend & Maynard, 2002; Favory et al., 2006; Weaver, 2009). NO, in contact with the
atmosphere’s oxygen, transforms into NO,, a fume that can cause acid rain (McGonigle et al., 2004;
Xie et al., 2009). The reaction between NOx (NO + NO,) and VOCs (Volatile Organic Composites) in
the presence of solar radiation generates tropospheric ozone (Atkinson, 2000; Wolff et al., 1992) a

driving constituent of photochemical smog, causing environmental impacts harmful to human health
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(Latha & Badarinath, 2004; Sanchez-Ccoyllo et al., 2007).

Gaseous releases derived from the ignition of a bench-scale engine were observed in this study, where
blends of animal fat biodiesel in diesel were used in the following proportions: 7% (B7), 15% (B15),
20% (B20), 25% (B25), 35% (B35) and 50% (B50). Electrochemical sensors (Allen & Larry, 2001;
Wang, 2002; Maitre et al., 2006) were used to identify and quantify the emitted gas concentrations of
the supervised concoctions. The recorded CO, levels were given in % and the CO as well as NO

quantities, measured in ppm.

2. Materials and Methods

Preparation of the binary blends (BXX) was done by adding an XX amount of beef tallow biodiesel to
the regular diesel, taken into account that the standard Brazilian-made diesel contains an obligatory 7%
of biodiesel (B7). This procedure was admitted for the following blend compositions of B15, B20, B25,
B35 and B50 in order to evaluate the possible emissions of polluting gases. The combustion of these
samples was performed on a 7HP, 296¢cc, and four-stroke, monocylindrical TD70FE Toyama study
engine with a horizontal shaft, electronic ignition and direct fuel injection. As this is a simple engine,
performing correlations between variables was not possible, such as consumption, rpm (rotations per
minute) and others. The motor was kept active for 5 minutes to stabilize it before measurement was
started. Vehicles with conventional diesel engines enable only the use of blends with a maximum of
20% of biodiesel in diesel without modifications to the engine, for this reason the experiment was
conducted in a bench-scale engine, which allows for blends with up to 50% of biodiesel in diesel (B50).
This way, it was possible to simulate a larger number of compounds and analyze the behavior of
gaseous emissions in greater percentages of biodiesel. Moreover, the laboratory-scale simulation shows
a tendency of pollutant releases, whereas in the reality of everyday pollution is far bigger. With the aid
a tachometer (Minipa, model MDT-2238A) the combustion emissions were evaluated in two modes of
operation of the engine: low rotation-3500 rpm—and high rotation-7000 rpm.

The electrochemical techniques work as effective tools for detecting various gaseous species, due to
some properties inherent to the system, such as elevated fragility, portability, easily handled hardware,
miniaturization potential, and low cost (Allen & Larry, 2001). This way, it’s possible to make records in
situ and obtain analytical information on the gas samplings in simple and prompt fashion (Wang, 2002).
A typical electrochemical sensor consists of a detection electrode and a reactant electrode, separated by
an electrolyte layer. With that, the process consists of the gas passing by the sensor, which, firstly,
interacts with the reactant electrode and, later, with the detection electrode (auxiliary electrode), to
induce a process of oxidation and reduction. Therefore, applying potential difference to the terminals,
which are interconnected to a resistor, will generate an electrical current proportional to the overviewed
gas’ concentration. The magnitude of this current is controlled by the very amount of fumes oxidized in
the electrode.

The sensors are normally made in such a way so that the gas supply is limited by diffusion and the
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current produced in the sensor is lineally proportional to the gaseous composition. This direct voltaic
stream is one of the advantages of the electrochemical sensors over other sensor technologies, allowing
for more precise measurement in low concentrations and easy calibration.

The Optima 7 analyzer (MRU, Air Emissions) was used for detection on the compounds of CO (with a
detection limit of 0 to 4000 ppm + 20 ppm), NO (with a detection limit of 0 to1000 ppm + 5 ppm) and
calculate the CO, (with a limit of 0 to 20% + 0.3%), the collection was made directly at the engine’s
exhaust pipe, through a probe resistant of temperatures as high as 700 °C (1.292 °F), and the recording
was done thrice in real time by the equipment. The measurements of the samples were performed in
triplicates; the equipment itself contained filters in order to prevent the water vapor from interfering in

the results.

3. Results and Discussion

The Figure 1 presents the raw materials utilized in the production of the Brazilian biodiesel, making
evident that 18.8% of the bio-fuel’s production consists of animal adipose tissue. Considering that
2010’s index was 13%, there has been a noticeable increase of this feedstock in Brazil’s biodiesel
production. Consequently, this leads to more optimistic projections for sustainability in the bio-fuel
industry, considering that beef tallow used to be seen as an undesirable organic reject.

With government’s promise of increasing Brazil biodiesel consumption until 2019, which is expected to
blend up to 10% (B10) in the national diesel formula, studies on the pollutant emissions of the
combustion diesel/beef tallow biodiesel blends are indispensable. For example, emissions of gases
harmful to the environment and man, such as carbon monoxide, carbon dioxide and nitric oxide were
observed in the ignition of these concoctions, emphasizing the cited argument of systematic
experiments validating the safe use of said fuels. In this research is evaluated the emission of these
gases derived from the combustion of diesel/beef tallow biodiesel blends for two modes of rotation of

the diesel engine, low rotation -3500 rpm—and high rotation -7000 rpm.

Cottonseed oil Others grease materials
2% 1,5%

Figure 1. Primary Feedstock Utilized in the Production of Biodiesel (B100) in Brazil in 2015

Source: ANP, 2016.
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3.1 Carbon Monoxide Emissions

In the Figure 2 shows the concentrations of the CO gas emitted by the combustion of diesel/beef tallow
biodiesel blends in the B7, B15, B20, B35 and B50 proportions by a bench-scale engine. For all blends
the CO emission concentrations were lower when the motor was in high rotation mode. In the high
rotation mode there is a greater volume of air involved, which causes agitation in the combustion
chamber and alters the air/fuel ratio. In general, factors such as the air fuel ratio, the engine speed, the
injection timing and the fuel type influence in the CO emissions (Gumus et al., 2012). This reduction in
CO emissions can be associated to also higher oxygen content present in the biofuel, which makes it
easier to be burnt at higher temperature in the engine, thus increasing the efficiency of the combustion
(Buyukkaya, 2010; Rahman et al., 2014).

When the percentage of biodiesel in the blend is increased, it tends to reduce CO emissions in the high
rotation scenario, except for the B35 proportion. For the engine’s low rotation mode, a behavior pattern
was not recorded, for the results were anomalous.

It is noticed that the increase of biodiesel concentration in the blends leads to a reduction of the CO
emissions, safe for blend B25 (low rotation), which is environmentally interesting both from the gas
emission reduction viewpoint, as well as the point of view of animal fat residues decrease, as it being
used as raw material in the biodiesel production. The reduction of carbon monoxide in the atmosphere
is a big goal, since this gas is extremely harmful to human health and the environment, namely
contaminating breathing air.

In this experiment, the CO concentration of the blends for the low rotation mode (3500 rpm) presented
values ranging from minimum to maximum of 866.7 to 1333.3 ppm respectively. Already in high
rotation (7000 rpm) reached values between minimum and maximum of 666 to 1000 ppm respectively.
In the work developed by Buyukkaya (2010) was evaluated the performance of the emission and
combustion of a diesel engine using neat rapeseed oil and its blends of B5, B20 and B70, and standard
diesel fuel separately. It was observed that the CO emission decreased with the increase in engine speed.
The minimum and maximum carbon monoxide emissions of the blends for 1000 rpm were 830 to 900
ppm, and at 2100 rpm were 300 to 400 ppm respectively.

A study developed by Zhihao et al. (2011) utilized a direct injection diesel engine fuelled with pistacia
chinensis bunge seed diesel/biodiesel blends. The results showed that CO emissions too decrease with
the increase of the proportions of biodiesel in the blends. At blends used were B0, B10, B20 and B30,
and obtained CO concentrations for engine at low rotation speed, 1500 rpm, a ranging from 2000 to
2400 ppm and in high rotation, 2400 rpm and emissions ranging from 800 to 1200 ppm. The results of
the CO emissions obtained in this research showed consistency with the values found in the literature
of these gaseous emissions, even when performed by different engines, blends diesel/biodiesel and

rotational variations.
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Figure 2. Concentration (ppm) of Emissions CO from the Combustion of Diesel/Biodiesel Blends

It is observed that in Figure 2 the binary blends had lower emissions of CO with respect to the diesel
(B7). With this, the higher oxygen content of biodiesel allows more carbon molecules to be burned,
promoting a complete combustion. Thus, the carbon monoxide gas emissions are minor when diesel
engines burn biodiesel fuel. These results are consistent because during the operation cycle, the
catalytic activity is higher, due to the increase of the exhaust temperature, thus reducing CO emissions
(Ileri & Kogar, 2009).

3.2 Carbon Dioxide Emissions

Figure 3 shows the concentrations of the CO, gas emitted by the combustion of diesel and beef tallow
biodiesel blends in the proportion of B7, B15, B20, B35 and B50, for a bench-scale diesel engine. For
all blends the CO, emission concentrations were lower in the engine’s low rotation mode, the B50
blend presenting the lowest emission among them. It was observed that, in the high rotation mode, the
CO, levels did not present significant differences in all the blends. The emission of CO, is related to the
complete combustion and probably to the temperature of the engine, which tends to increase in the high
rotation mode. Carbon dioxide is the most prominent greenhouse gas, and should always be monitored
in diesel engine’s exhaustions. In this experiment, CO, concentrations of the blends were found for low
rotation of 3500 rpm values minimum and maximum in the range of 2.1 to 2.4%, and high rotation,
7000 pm, ranging of 2.2 to 2.5% respectively. The research of Rocha et al. (2014) evaluated CO,
emitted by the exhaust of a diesel engine with binary blends of soybean biodiesel and diesel. The
samples were evaluated for low rotation speed, 3000 rpm, with minimum and maximum emission
values 1.9 to 2.2% respectively, and in high rotation speed, 9000 rpm, 2.4 to 2.8%, values close to the

results obtained in this research, despite being other biodiesel.
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Figure 3. Concentration (ppm) of Emissions CO, from the Combustion of Diesel/Biodiesel Blends

In diesel engines, the air-fuel ratio significantly affects CO production, because when this rate is kept
under control, CO decreases and the CO, rate increases (Behget et al., 2015). The existing maximum
level of carbon monoxide causes a reduction in the amount of carbon dioxide in the atmosphere. Thus,
when the engine speed increases, the oxygen in the biodiesel contributes significantly to the
oxygen-fuel reactions inside the engine.

3.3 Nitric Oxide Emissions

Figure 4 shows the concentrations of NO emitted by the combustion of diesel blends and beef tallow
biodiesel in the proportion of B7, B15, B20, B35 and B50 for the bench-scale diesel engine. For all
blends the NO emission concentrations were lower in the high rotation mode. The B7 blend had the
lowest NO emission for both high and low spin rates and the B15 blend had the highest emission also
for both operation modes. For blends B20, B35 and B50 there was practically no change in NO
emissions in any of the rotation ratios. In general, an increase in NO emission is observed when the
proportion of biodiesel in the blend is increased in the low-speed mode. This result is consistent with
previous records and may be related to the higher cetane number of the biodiesel, which provides better
combustion at higher temperatures.

It should also be noted that the presence of oxygen in the biodiesel molecule can also increase the
formation rate of nitrogen oxides NOy, in addition to other factors such as compression ratio and fuel
chamber geometry, fuel quality, air/fuel ratio, injection temperature and the combustibles’ chemical
properties. These combined factors make it more complex to assess emissions of this gas for diesel

engine combustions.
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The reduction of the emission of nitrogen oxides in flames from fuel blends is highly desired, since this
gas is extremely damaging, especially due to its role in the generation of acid rain and the formation of
tropospheric ozone, which is the main constituent of photochemical smog. NO concentrations
minimum and maximum of the blends for low rotation had a variation of 83 to 109.5 ppm respectively,

and for high rotation were 81.7 to 98.7 ppm obtained in this experiment.
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Figure 4. Concentration (ppm) of Emissions NO from the Combustion of Diesel/Biodiesel Blends

The biodiesel is a mixture of monoalkyl esters, where the molecule oxygen is present in its chemical
composition, and petroleum diesel is already composed of hydrocarbons (Knothe et al., 2006; Knothe
et al., 2005; Demirbas, 2007). With this, the principal source of nitrogen for formation of NO during
combustion of petroleum diesel is atmospheric (molecular) nitrogen (Sun et al., 2010). The Figure 4
shows that for diesel (B7) there is lower NO emission, and with increasing concentrations of biodiesel
in diesel, an increase in NO emissions occurs.

This result is consistent with the literature and may be related to the number of cetane present in
biodiesel (Mofijur et al., 2014), which provides combustion at higher temperatures. Emissions of gas
NO do not exhibit definitive trends because the results depends by many factors, among them including
engine type, start of injection, ignition delay, fuel composition, radiative heat transfer, and combustion.
The NO is also formed when the nitrogen of the fuel reacts with the oxygen present in the air during

combustion (Balakrishnan et al., 2016).
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4. Conclusion

The electrochemical techniques showed to be selective and sensitive to quantify and identify the CO,
CO;, and NO gases in the study here developed. It was possible to determine concentrations in the range
of ppmv for CO and NO and in % for CO, from the exhaust of a bench-scale diesel engine that used
diesel/beef tallow biodiesel as fuel. Exhaust emission from transportation sector affects the human
health. It is the main contributor to degrade the air quality. Biofuel is promising alternative to maintain
both human health and environment quality better by reducing harmful emission from biofuel runs
diesel engines. The increase in biodiesel use in Brazil, with the projection of 10% of biodiesel in the
diesel formula, calls for studies of the emissions of pollutant gases originating from the use of these
blends. Brazil is a country with a large territorial dimension, with an eminently road-based transport
segment, being therefore a consumer of large volumes of fossil fuels (diesel). Careful studies need to be

carried out to ensure the environmental sustainability of the new renewable energy matrix.

Acknowledgements
We would like to thank the Brazilian agencies CNPq, CAPES and FAPERJ for the financial support

and the technician Luiz Antonio Meirelles.

References

Allen, J. B., & Larry, R. F. (2001). Fundamentals and applications. Electrochemical Methods (2nd ed.).
Wiley: New York.

Amaral, B. S., Novaes, F. J. M., Ramos, M. D. C. K. V., de Aquino Neto, F. R., & Gioda, A. (2016).
Comparative profile of pollutants generated by a stationary engine fueled with diesel, biodiesel,
and ethanol. Journal of Aerosol Science, 100, 155-163.
https://doi.org/10.1016/j.jaerosci.2016.07.009

André, P. A. D., Veras, M. M., Miraglia, S. G. E. K., & Saldiva, P. H. N. (2012). Lean diesel technology
and human health: A case study in six Brazilian metropolitan regions. Clinics, 67(6), 639-646.
https://doi.org/10.6061/clinics/2012(06)15

ANP. (2016, November 13). Natural Gas and Biofuels Agency. Retrieved November 13, 2016, from
http://www.anp.gov.br

Anuario estatistico brasileiro do petroleo. (2016). Gas natural e biocombustiveis. Retrieved November
13, 2016, from http://www.anp.gov.br/wwwanp

Atkinson, R. (2000). Atmospheric chemistry of VOCs and NOx. Atmospheric environment, 34(12),
2063-2101. https://doi.org/10.1016/S1352-2310(99)00460-4

Balakrishnan, A., Parthasarathy, R. N., & Gollahalli, S. R. (2016). A Review on the Effects of Biodiesel
Blends on Compression Ignition Engine NOx Emissions. Journal of Energy and Environmental
Sustainability, 1, 67-76.

Behget, R., Oktay, H., Cakmak, A., & Aydin, H. (2015). Comparison of exhaust emissions of

218
Published by SCHOLINK INC.



http://www.scholink.org/ojs/index.php/se Sustainability in Environment Vol. 2, No. 2,2017

biodiesel—Diesel fuel blends produced from animal fats. Renewable and Sustainable Energy
Reviews, 46, 157-165. https://doi.org/10.1016/j.rser.2015.02.015

Bicalho, T., Bessou, C., & Pacca, S. A. (2016). Land use change within EU sustainability criteria for
biofuels: The case of oil palm expansion in the Brazilian Amazon. Renewable Energy, 89, 588-597.
https://doi.org/10.1016/j.renene.2015.12.017

Briihl, C., & Crutzen, P. J. (1999). Reductions in the anthropogenic emissions of CO and their effect on
CH,. Chemosphere-Global Change Science, 1(1), 249-254.
https://doi.org/10.1016/S1465-9972(99)00028-8

Buyukkaya, E. (2010). Effects of biodiesel on a DI diesel engine performance, emission and
combustion characteristics. Fuel, 89(10), 3099-3105. https://doi.org/10.1016/j.fuel.2010.05.034

Cardenas, M. D., Armas, O., Mata, C., & Soto, F. (2016). Performance and pollutant emissions from
transient operation of a common rail diesel engine fueled with different biodiesel fuels. Fuel, 185,
743-762. https://doi.org/10.1016/j.fuel.2016.08.002

Demirbas, A. (2007). Importance of biodiesel as transportation fuel. Energy policy, 35(9), 4661-4670.
https://doi.org/10.1016/j.enpol.2007.04.003

Fajersztajn, L., Veras, M., Barrozo, L. V., & Saldiva, P. (2013). Air pollution: A potentially modifiable
risk factor for lung cancer. Nature  Reviews  Cancer, 1309), 674-678.
https://doi.org/10.1038/nrc3572

Favory, R., Lancel, S., Tissier, S., Mathieu, D., Decoster, B., & Neviére, R. (2006). Myocardial
dysfunction and potential cardiac hypoxia in rats induced by carbon monoxide inhalation.
American  journal of respiratory and critical care medicine, 174(3), 320-325.
https://doi.org/10.1164/rccm.200601-1170C

Gumus, M., Sayin, C., & Canakci, M. (2012). The impact of fuel injection pressure on the exhaust
emissions of a direct injection diesel engine fueled with biodiesel—Diesel fuel blends. Fuel, 95,
486-494. https://doi.org/10.1016/j.fuel.2011.11.020

Hansen, J., Sato, M., Kharecha, P., Beerling, D., Berner, R., Masson-Delmotte, V., ... Zachos, J. C.
(2008). Target atmosphere CO,: Where Should Humanity Aim. Open Atmospheric Science
Journal, 2,217-231. https://doi.org/10.2174/1874282300802010217

Ileri, E., & Kogar, G. (2009). Experimental investigation of the effect of fuel injection advance on
engine performance and exhaust emission parameters using canola oil methyl ester in a
turbocharged direct-injection diesel engine. FEnergy & Fuels, 23(10), 5191-5198.
https://doi.org/10.1021/ef9004434

IPCC. (2013). Climate Change 2013: The Physical Science Basics. In Contribution of Working Group 1
to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change (p. 1535).
Cambridge, United Kingdom and New York, NY, USA: Cambridge University Press.

Knothe, G, Gerpen, J. V., & Krahl, J. (2005). The Biodiesel Handbook; American Oil Chemists’ Society

(AOCS). Press: Champaign, IL. https://doi.org/10.1201/9781439822357

219
Published by SCHOLINK INC.



http://www.scholink.org/ojs/index.php/se Sustainability in Environment Vol. 2, No. 2,2017

Knothe, G, Sharp, C. A., & Ryan, T. W. (2006). Exhaust emissions of biodiesel, petrodiesel, neat
methyl esters, and alkanes in a new technology engine. Energy & Fuels, 20(1), 403-408.
https://doi.org/10.1021/ef0502711

Latha, K. M., & Badarinath, K. V. S. (2004). Correlation between black carbon aerosols, carbon
monoxide and tropospheric ozone over a tropical urban site. Atmospheric research, 71(4), 265-274.
https://doi.org/10.1016/j.atmosres.2004.06.004

Lloyd, A. C., & Cackette, T. A. (2001). Diesel engines: Environmental impact and control. Journal of
the Air & Waste Management Association, 51(6), 809-847.
https://doi.org/10.1080/10473289.2001.10464315

Maitre, A., Bonneterre, V., Huillard, L., Sabatier, P., & de Gaudemaris, R. (2006). Impact of urban
atmospheric pollution on coronary disease. European Heart Journal, 27(19), 2275-2284.
https://doi.org/10.1093/eurheartj/ehl162

McGonigle, A. J. S., Thomson, C. L., Tsanev, V. 1., & Oppenheimer, C. (2004). A simple technique for
measuring power station SO 2 and NO 2 emissions. Atmospheric Environment, 38(1), 21-25.
https://doi.org/10.1016/j.atmosenv.2003.09.048

Meinshausen, M., Meinshausen, N., Hare, W., Raper, S. C., Frieler, K., Knutti, R., ... Allen, M. R.
(2009). Greenhouse-gas emission targets for limiting global warming to 2 C. Nature, 458(7242),
1158-1162. https://doi.org/10.1038/nature08017

Miraglia, S. G. E. K., Veras, M. M., Amato-Lourenco, L. F., Rodrigues-Silva, F., & Saldiva, P. H. N.
(2013). Follow-up of the air pollution and the human male-to-female ratio analysis in Sao Paulo,
Brazil: A times series study. BMJ open, 3(7). https://doi.org/10.1136/bmjopen-2013-002552

Mofijur, M., Masjuki, H. H., Kalam, M. A., Atabani, A. E., Arbab, M. 1., Cheng, S. F., & Gouk, S. W.
(2014). Properties and use of Moringa oleifera biodiesel and diesel fuel blends in a multi-cylinder
diesel engine. Energy Conversion and Management, 82, 169-176.
https://doi.org/10.1016/j.enconman.2014.02.073

Rahman, M. M., Hassan, M. H., Kalam, M. A., Atabani, A. E., Memon, L. A., & Rahman, S. A. (2014).
Performance and emission analysis of Jatropha curcas and Moringa oleifera methyl ester fuel
blends in a multi-cylinder diesel engine. Journal of Cleaner Production, 65, 304-310.
https://doi.org/10.1016/j.jclepro.2013.08.034

Rocha, A. M., Castro, M. P. P,, Sthel, M. S., Mothé, G. A., Pérez, V. H., Silva, M. G,, & Vargas, H.
(2014). Detection of gaseous pollutants emitted from engine powered by biodiesel and diesel
mixtures. International Conference on Renewable Energies and Power Quality (ICREPQ’14)
Cordoba (Spain) (No. 12). https://doi.org/10.24084/repqj12.225

Rocha, A. M., Sthel, M. S., de Castro, M. P., Mothé, G. A., Silva, W. C., Perez, V. H,, ... S. G. E. K.
(2012). Health risks and economic costs of absenteeism due to air pollution in Sao Paulo, Brazil.
Aerosol and Air Quality Research, 12, 826-833. https://doi.org/10.4209/aaqr.2011.12.0235

Sanchez-Ccoyllo, O. R., Martins, L. D., Ynoue, R. Y., & Andrade, M. D. F. (2007). The impact on

220
Published by SCHOLINK INC.



http://www.scholink.org/ojs/index.php/se Sustainability in Environment Vol. 2, No. 2,2017

tropospheric ozone formation on the implementation of a program for mobile emissions control: A
case study in Sdo Paulo, Brazil. Environmental fluid mechanics, 7(2), 95-119.
https://doi.org/10.1007/s10652-007-9018-7

Schramm, D. U., Sthel, M. S., Da Silva, M. G, Carneiro, L. O., Junior, A. J. S., Souza, A. P., & Vargas,
H. (2003). Application of laser photoacoustic spectroscopy for the analysis of gas samples emitted
by diesel engines. Infrared  physics & technology, 44(4), 263-269.
https://doi.org/10.1016/S1350-4495(03)00125-7

Seinfeld, J. H., & Pandis, S. N. (20006). Atmospheric Chemistry and Physics—From Air Pollution to
Climate Change (2nd ed.). Wiley-Interscience: Malden, MA, USA.

Silva, M. G, Andras, M., & Vargas, H. (2014). Evaluation of Nitrous Oxide Emitted from
Diesel/Biodiesel Blends during Combustion in a Diesel Engine at Laboratory Scale by a
Photoacoustic ~ Spectroscopy  Technique.  Energy &  Fuels, 28(6), 4028-4032.
https://doi.org/10.1021/ef500294a

Sun, J., Caton, J. A., & Jacobs, T. J. (2010). Oxides of nitrogen emissions from biodiesel-fuelled diesel
engines.  Progress in  Energy and  Combustion  Science,  36(6), 677-695.
https://doi.org/10.1016/j.pecs.2010.02.004

Tian, H. et al. (2016). The terrestrial biosphere as a net source of greenhouse gases to the atmosphere.
Nature, 531(7593), 225-228. https://doi.org/10.1038/nature16946

Torricelli, A. A., Novaes, P., Matsuda, M., Braga, A., Saldiva, P. H., Alves, M. R., & Monteiro, M. L.
(2013). Correlation between signs and symptoms of ocular surface dysfunction and tear
osmolarity with ambient levels of air pollution in a large metropolitan area. Cornea, 32(4).
https://doi.org/10.1097/1C0O.0b013e31825e845d

Townsend, C. L., & Maynard, R. L. (2002). Effects on health of prolonged exposure to low
concentrations of carbon monoxide. Occupational and Environmental Medicine, 59(10), 708-711.
https://doi.org/10.1136/0em.59.10.708

Trenberth, K. E., Fasullo, J. T., & Shepherd, T. G. (2015). Attribution of climate extreme events. Nature
Climate Change, 5(8), 725-730. https://doi.org/10.1038/nclimate2657

Wang, J. (2002). Portable electrochemical systems. TrAC Trends in Analytical Chemistry, 21(4),
226-232. https://doi.org/10.1016/S0165-9936(02)00402-8

Weaver, L. K. (2009). Carbon monoxide poisoning. New England Journal of Medicine, 360(12),
1217-1225. https://doi.org/10.1056/NEJMcp0808891

Wolft, G. T., & Korsog, P. E. (1992). Ozone control strategies based on the ratio of volatile organic
compounds to nitrogen oxides. Journal of the Air & Waste Management Association, 42(9),
1173-1177. https://doi.org/10.1080/10473289.1992.10467064

Xie, Z.,Du, Y., Zeng, Y., Li, Y., Yan, M., & Jiao, S. (2009). Effects of precipitation variation on severe
acid rain in southern China. Journal of Geographical Sciences, 19(4), 489-501.

https://doi.org/10.1007/s11442-009-0489-y

221
Published by SCHOLINK INC.



http://www.scholink.org/ojs/index.php/se Sustainability in Environment Vol. 2, No. 2,2017

Zhihao, M., Xiaoyu, Z., Junfa, D., Xin, W., Bin, X., & Jian, W. (2011). Study on emissions of a di
diesel engine fuelled with pistacia chinensis bunge seed biodiesel-diesel blends. Procedia

Environmental Sciences, 11, 1078-1083. https://doi.org/10.1016/j.proenv.2011.12.163

222
Published by SCHOLINK INC.



