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Abstract

In 2014, about 53 million tonnes of wood charcoal were produced worldwide, this number
unsurprisingly keeps increasing especially in African countries like Nigeria, this is due to a lack
of electricity, high inflation, and expensive cleaner cooking utilities. Household applications of
charcoal include; Cooking, Barbeque grilling, Pressing iron, charcoal incense burning, and room
warmer. This paper studies the aforementioned ways of charcoal application that produces
greenhouse gases and energy through anthropogenic emissions/formation of various pollutants
such as heat, carbon monoxide, carbon dioxide, polyaromatic hydrocarbons, nitrogen dioxide,
particulate matter, methane, ozone, which affect health and climate at large. By Studying an
overview of the mechanism of emission of these pollutants, this review explained more about health
and environment concerning greenhouse gases emitted during charcoal combustion, as well as
the role of charcoal in the temperature rise, effects of charcoal emitted gases on climate such as
Global warming, effects of charcoal emitted gases on health such cancer, seizure, and stroke,
effects of charcoal emitted gases on nutrition and coral reef survival. Element such as high
temperature, elevated Co2, and precipitation greatly impact plant growth and nutrient. There is a
particularly critical need for action and awareness in sub-Saharan Africa, where population
growth has outpaced access to clean cooking.

KEYWORDS: Global warming, environment, coral reefs, nutrition, greenhouse gases,
Carbon dioxide, charcoal, heat, emission.

Introduction

In 2014, about 53 million tonnes of wood charcoal were produced worldwide!. Charcoal is a
product of the thermochemical conversion of biomass by pyrolysis and has advantages as fuel
when compared to the original feedstock (biomass) such as the higher heating value and easy
storage®®. It has also an advantage in comparison with other renewable fuels: cheaper
production. In contrast with mineral coals, charcoal has a relatively low content of sulfur or
mercury*. In developing countries, charcoal is still an important cooking fuel®. Despite the spatial
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and temporal changes in fuel consumption patterns, charcoal remains a popular cooking fuel in the
developed world since it produces food with unique flavour and texture.

Charcoal was estimated the charcoal grilling footprint to be 6. 7kg CO2 per grill session which
is, according to the author, similar to the carbon footprint obtained from driving an average car for
approximately 35km.®

In indoor environments, such as restaurants, personal exposure to toxic pollutants from charcoal
burning can be significantly high, posing a health risk to the customers and employees. An
assessment of the indoor air quality at four different types of restaurants. The authors found the
highest CO (15, 100pgm—3) and particulate concentrations (1442 and 1167ugm—3PM10 and
PMZ2. 5, respectively) at the barbecue-style restaurant. Moreover, barbecue cooking can generate
considerable amounts of benzene, toluene, methylene chloride, and chloroform’.

In the present study, picnic acid was found to be one of the most important compounds in
particulate matter emitted from charcoal combustion. It has been described as a secondary organic
aerosol product from the ozonolysis of a-pinene 891011 |ts detection in the present study suggests
that pinicacid forms in association with charcoal burning through pathways that are not clear and
deserve further investigation. Possible mechanisms include the direct emission due to its formation
during the combustion of charcoal and/or emission of gaseous precursors which are immediately
oxidized to form the terpenic acid in the smoke plume. There is a particularly critical need for
action in sub-Saharan Africa, where population growth has outpaced access to clean cooking, and
923 million people lacked access in 2020. Strategies to increase the adoption of clean household
energy include policies that provide financial support to purchase cleaner technologies and
fuels, improved ventilation or housing design and communication campaigns to encourage clean
energy use.'?
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Household Application of Charcoal

Charcoal can be used in variety of household applications, such as cooking, barbeque grilling,
pressing iron, charcoal incense burner, and even as a room warmer.

While charcoal has various household applications, it also has a number of disadvantages that
should be considered. One of the biggest drawbacks of using charcoal is that it produces harmful
smoke and carbon monoxide, which can lead to respiratory problems and even death if inhaled in
large quantities. Additionally, charcoal can be messy and difficult to handle, often leaving behind
black residue that can stain clothing and surfaces. Another issue with using charcoal is that it can
be expensive and requires a constant supply, which can be a burden on household budgets. Finally,
burning charcoal contributes to deforestation and environmental degradation, as the trees used to
make the charcoal are often harvested unsustainably. Overall, while charcoal has some useful
household applications, it's important to weigh the disadvantages before deciding to use it
regularly.

Overview of Interrelationship Between Charcoal Combustion With Climate and Health
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Figure 1: Interrelation between charcoal, climate and health®

Figure 2 show the overview interrelation between charcoal applications in household which leads
to the emission of toxic compound /pollutant. Below are summary points explaining the figure
above

13 1brahim, A.G. (2023) Interrelation of charcoal with climate and health and mechanism of emission figure, Google
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1. Application of charcoal for various house processes using heat.
2. Combustion of this charcoal to ash. (see figure 2)

3. Emission of the pollutant during the process of charcoal combustion (carbon, heat, Carbon
dioxide, particulate matter), this directly affect the population health through continuous
inhalation.

4. Reaction of these emitted substances to atmospheric compounds; these in turn negatively affect
the environment and health.

Anthropogenic Emissions/Formation During Household Charcoal Application

During the charcoal application, toxic compounds and heat are largely released to the surrounding.
These compounds may include polyaromatic hydrocarbons, carbon dioxide, carbon, particulate
matter. Furthermore the emission of this particles and compounds to the atmosphere would also
lead to subsequent formation of other toxic compound by the reaction of this emitted substances
and the free roaming particles, substances and compounds in the air i.e. the formation of nitrogen
oxide, methane, carbon monoxide, sulfuric oxide, 0zone and so o

Mechanism of Emission

The combustion process starts when the charcoal is exposed to a source of heat, such as a flame or
spark. The heat breaks down the chemical bonds in the charcoal, releasing volatile gases and
forming a layer of glowing embers. As oxygen is introduced to the embers, it reacts with the carbon
in the charcoal to produce carbon dioxide, which is released into the air, and carbon monoxide,
which can be toxic in high concentrations.

The combustion of charcoal is a process that involves burning the carbon-based material in the
presence of oxygen. Charcoal is created by heating wood in the absence of air, which removes the
moisture and other volatile compounds, leaving behind a carbon-rich material. When charcoal is
burned, it combines with oxygen to produce carbon dioxide and water vapor, along with heat and
light energy.

The rate of combustion and the resulting ash formation can be influenced by a variety of factors,
including the temperature of the fire, the amount of oxygen available, and the moisture content of
the charcoal. In general, a hotter fire with more oxygen will result in more complete combustion
and less ash formation, while a cooler fire with less oxygen will result in incomplete combustion
and more ash formation.

Overall, the combustion of charcoal to ash is a complex process that involves the chemical reaction
of carbon with oxygen, releasing energy and creating various byproducts. The resulting ash can be
used for a variety of purposes, including as a fertilizer or a component of building materials.
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FIGURE 2: COMBUSTION AND EMISSION PROCESS OF CHARCOAL (lbrahim, 2023)

v Heat

High ambient temperatures result in increased hospital admissions!* and deaths'®, particularly in
the elderly, the very young and those with chronic health conditions®” Increasingly, and with
greater confidence, extreme heat events and subsequent health impacts are being attributed to
anthropogenic climate change, and these exposures are predicted to rise in frequency and
magnitude as the world continues to warm in response to greenhouse gas emissions®°. For
example, the 2003 European heatwave caused an estimated 70,000 excess deaths?® (with much of
this toll now robustly ascribed to climate change?’. In the UK, it is estimated that approximately
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2000 heat-related deaths occur annually; it is predicted to rise to 7000 by 2050 as a result of more
frequent and severe heatwaves and the ageing population.??

Nitrogen dioxide (NO2)

The current WHO guideline value of 10 pg/m3 (annual mean) was set to protect the public from
the health effects of gaseous nitrogen dioxide (NO2). NO2 is the main source of nitrate
aerosols, which form an important fraction of particulate matter (pm2.5) and in the presence of
ultraviolet light of ozone. The major sources of anthropogenic emissions of NO2 are combustion
processes (heating, power generation, and engines in vehicles and ships). Epidemiological studies
have shown that symptoms of bronchitis in asthmatic children increase in association with long-
term exposure to NO2. Reduced lung function growth is also linked to NO2 at concentrations
currently measured (or observed) in cities in Europe and North America.

v' Ozone (03)

Ozone at ground level — not to be confused with the ozone layer in the upper atmosphere — is one
of the major constituents of photochemical smog. It is formed by the reaction with sunlight
(photochemical reaction) of pollutants such as nitrogen oxides (NOx) from a vehicle and industry
emissions and volatile organic compounds (VOCs) emitted by vehicles, solvents, and industry. As
a result, the highest levels of ozone pollution occur during periods of sunny weather?:. Excessive
ozone in the air can have a marked effect on human health. It can lead to breathing
problems, trigger asthma, reduce lung function and cause lung diseases.

v' Particulate matter (PM)

PM is a common proxy indicator for air pollution. It affects more people than any other
pollutant. The major components of PM are sulfate, nitrates, ammonia, sodium chloride, black
carbon, mineral dust, and water. It consists of a complex mixture of solid and liquid particles of
organic and inorganic substances suspended in the air. While particles with a diameter of 10
microns or less, (< PM10) can penetrate and lodge deep inside the lungs, the even more health-
damaging particles are those with a diameter of 2.5 microns or less, (< PM2.5). PM2. 5 can
penetrate the lung barrier and enter the blood system. Chronic exposure to particles contributes to
the risk of developing cardiovascular and respiratory diseases, as well as lung cancer®,

Air quality measurements are typically reported in terms of daily or annual mean concentrations
of PM10 particles per cubic meter of air volume (m3). Routine air quality measurements typically
describe such PM concentrations in terms of micrograms per cubic meter (pg/m3). When
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sufficiently sensitive measurement tools are available, concentrations of fine particles (PM2. 5 or
smaller), are also reported.

There is a close, quantitative relationship between exposure to high concentrations of small
particulates (PM10 and PM2.5) and increased mortality or morbidity, both daily and over
time. Conversely, when concentrations of small and fine particulates are reduced, related mortality
will also go down — presuming other factors remain the same. This allows policy-makers to project
the population health improvements that could be expected if particulate air pollution is
reduced. Small particulate pollution has health impacts even at very low concentrations — indeed
no threshold has been identified below and no damage to health is observed. Therefore, the WHO
Global guideline limits aimed to achieve the lowest concentrations of PM possible.

v" Carbon Dioxide

Breathing too many CO2 results in high levels of CO2 in the blood (hypercapnia) associated with
a decrease in blood pH (increased acidity) resulting in a condition known as acidosis. The
decreases in blood and tissue pH produce effects on the respiratory, cardiovascular, and central
nervous systems (CNS)?°. Changes in pH act directly and indirectly on those systems producing
effects such as tremors, headache, hyperventilation, visual impairment, and CNS impairment. In
terms of worker safety, the US Occupational Safety and Health Administration has set a
permissible exposure limit (PEL) for CO2 of 5, 000 parts per million (ppm) (or 0. 5 %) over an 8-
hour workday?®. They report that exposure to levels of CO2 above this can cause problems with
concentration, an increased heart rate, breathing issues, headaches, and dizziness.

v' Methane (CH4)

Methane is a component of natural gas, mainly used as a fuel source and chemical feedstock in
industries. It is usually harmless, however, at high concentrations; it may reduce the oxygen
percentage in the air, causing suffocation. It is also extremely flammable and can cause an
explosion when its concentration reaches 5% to 15% in the air.?’

Effect of Charcoal Emitted Substance on Climate, Health, and Environment
Global warming

Global warming and the associated climate changes are predictable. They are enhanced by the
burning of fossil fuels and the emission of huge amounts of CO2 gas which resulted in the
greenhouse effect. It is expected that the average global temperature will increase by 2-5 °C in the
next decades.

% Eckenhoff , R.G., Longnecker, D.E., (1995). The therapeutic gases. Effects of carbon dioxide. In: Goodman and
Gilman’s The Pharmacological Basis of Therapeutics, 9th Ed (Hardman JG,ed). McGraw Hill, 355-356.
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As a result, the earth will exhibit marked climatic changes characterized by extremer weather
events in the coming decades. There will be rise in temperature, increased volume of rainfall, even
summertime, droughts, more frequent ferocious tornadoes, and hurricanes. The epidemiological
disease cycle includes host, pathogen, and in certain cases intermediate host/vector?®,

Direct health effect

As greenhouse gases affect climate they also initially affect the individual who is exposed to them.
Continuous inhalation and exposure of greenhouse gases/air pollutants that have been released into
the atmosphere as a consequence of household exercises, pose threat to health directly.

Cancer: A 2013 assessment by WHO’s International Agency for Research on Cancer (IARC)
concluded that outdoor air pollution is carcinogenic to humans, with the particulate matter
component of air pollution most closely associated with increased cancer incidence, especially
lung cancer. An association also has been observed between outdoor air pollution and an increase
in cancer of the urinary tract/bladder.?®

Cardiovascular disorder: The latest burden estimates reflect the very significant role air pollution
plays in cardiovascular illness and death. More and more, evidence demonstrating the linkages
between ambient air pollution and cardiovascular disease risk is becoming available, including
studies from highly polluted areas.*

Each year, 3. 2 million people die prematurely from illnesses attributable to household air
pollution caused by the incomplete combustion of solid fuels and kerosene used for cooking
Particulate matter and other pollutants in household air pollution inflame the airways and
lungs, impairing immune response and reduce the oxygen-carrying capacity of the blood.

Among these 3. 2 million deaths from household air pollution exposure:

e 32% are from ischaemic heart disease: 12% of all deaths due to ischaemic heart
disease, accounting for over a million premature deaths annually, can be attributed to
exposure to household air pollution;

e 23% are from stroke: approximately 12% of all deaths due to stroke can be attributed to
the daily exposure to household air pollution arising from using solid fuels and kerosene at
home;

2E|-Sayed, A., & Kamel, M. (2020). Climatic changes and their role in emergence and re emergence of diseases. In
Environmental Science and Pollution Research (Vol. 27, lIssue 18, pp. 22336-22352). Springer.
https://doi.org/10.1007/s11356-020-08896-w
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http://www.iarc.fr/en/publications/books/sp161/index.php

30 puthumana, J.S., Ngaage, L.M., Borrelli, M.R., Rada, E.M., Caffrey, J., Rasko, Y. (2021): Risk factors for
cooking-related burn injuries in children, WHO Global Burn Registry. Bull World Health Organ. Jun 1;99(6):439-
445, https://doi.org/10.2471%2FBLT.20.279786
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e 21% are due to lower respiratory infection: exposure to household air pollution almost
doubles the risk for childhood LRI and is responsible for 44% of all pneumonia deaths in
children less than 5 years old. Household air pollution is a risk for acute lower respiratory
infections in adults and contributes to 22% of all adult deaths due to pneumonia;

e 19% are from chronic obstructive pulmonary disease (COPD): 23% of all deaths from
chronic obstructive pulmonary disease (COPD) in adults in low- and middle-income
countries are due to exposure to household air pollution; and

e 6% are fromlung cancer: approximately 11% of lung cancer deaths in adults are
attributable to exposure to carcinogens from household air pollution caused by using
kerosene or solid fuels like wood, charcoal, or coal for household energy needs. 3

Household air pollution accounted for the loss of an estimated 86 million healthy life years in
2019, with the largest burden falling on women living in low- and middle-income
countries. Almost half of all deaths due to lower respiratory infection among children under 5
years of age are caused by inhaling particulate matter (soot) from household air pollution. There
is also evidence of links between household air pollution and low birth
weight, tuberculosis, cataract, nasopharyngeal and laryngeal cancers.*?

Indirect Health Effects: Climate changes and infectious disease

The level of compounds emitted and formed during various house charcoal applications directly
affects the atmospheric temperature and climate at large. Various studies have shown that climate
change influences infectious diseases. Reaching back to the effect of temperature on the
development and growth of parasites bacteria, viruses, and fungi. many studies have shown that
temperature has a direct impact on the quick development of insects and vectors. Diseases may
include; malaria, dengue virus, yellow fever, etc. The most common category of infectious disease
affected by climate change may include the following;

Insect And Insect Borne Diseases: Global warming influences both vector host dimensions in a
way that controls their spatiotemporal expansion and the emergence of diseases in a complex but
balanced way.33 34

Water-borne and foodborne diseases: These are serious public health concerns
worldwide. Waterborne and foodborne outbreaks are closely associated with climatic changes and

31 puthumana, J.S., Ngaage, L.M., Borrelli, M.R., Rada, E.M., Caffrey, J., Rasko, Y. (2021): Risk factors for cooking-
related burn injuries in children, WHO Global Burn Registry. Bull World Health Organ. Jun 1;99(6):439-
445, https://doi.org/10.2471%2FBLT.20.279786

32 puthumana, J.S., Ngaage, L.M., Borrelli, M.R., Rada, E.M., Caffrey, J., Rasko, Y. (2021): Risk factors for cooking-
related burn injuries in children, WHO Global Burn Registry. Bull World Health Organ. Jun 1;99(6):439-
445, https://doi.org/10.2471%2FBLT.20.279786

3 Morgan, J., Dejong, R., Snyder, S., Mkoji, G., Loker E., (2001). Schistosoma mansoni and Biomphalaria: past
history and future trends.Parasitology 123:211-228

% Renn, 0., Klinke, A., Van Asselt, M. (2011). Coping with complexity, uncertainty and ambiguity in risk governance:
a synthesis. Ambio 40: 231-246


https://doi.org/10.2471%2FBLT.20.279786
https://doi.org/10.2471%2FBLT.20.279786

Review of the Effect of Charcoal Combustion on Health and Environment

disturbances in the ecosystem. They are more common in the summertime and increase with rising
temperatures and humidity.®

Rodent And Rodent Related Diseases: a large number of zoonotic disease agents either directly
such as leptospirosis, Sin Nombre virus, and Hantaan virus which spread via dust contaminated
with dried rodent urine®®" or indirectly as plague (Yersinia pestis). Global warming influences the
change in rodent distribution maps and their population worldwide.®

Climate and Malnutrition
Nutrient Depletion on Plant

Elevated CO2 (Carbon-dioxide) in the atmosphere has direct and indirect impacts on soil
properties and processes via forced alterations in soil water and temperature, in addition to the
competing of nutrients.3 Investigations on plant response to the elevation of CO2 may not be
representative of the conditions of actual fields in some plant species. There was a drawback in
the effectiveness of the experiments of raised CO2 and temperature for determining their impacts
on photosynthesis and other processes of the ecosystem. They attributed this to incorporating
short-term sudden variations in elevated CO2 or temperature in the laboratory or field experiments.
These changes rarely generated quantifiable variations in net primary productivity (NPP), Carbon
(C) in the ecosystem, or other properties linked to longstanding responses to continuing Carbon-
Carbon. They studied the influence of elevated CO2 on native grass and cultivated ecosystems
and found that understanding the link between CC and plant nutrition may be best accomplished
firstly by understanding this interaction in both range and grazing areas.*

Nitrogen is an essential nutrient that influences plant development and physiology. It is also a key
component of amino acids, protein, nucleic acids, and chlorophyll, helping to regulate C absorption
and metabolism. It is indicated that elevated CO2 reduces leaf N content, in general, due to the

% Greer, A., Ng, V., Fisman, D. (2008). Climate change and infectious diseases in North America: the road ahead.
Cmaj 178:715-722

% Hansen, A., Cameron, S., Liu, Q., Sun, Y., Weinstein, P., Williams, C., Han, G.S., Bi, P. (2015). Transmission of
haemorrhagic fever with renal syndrome in China and the role of climate factors: a review. Int J Infect Dis 33:212—
218

37 pijnacker, R., Goris, M.G., Te Wierik, M.J., Broens, E.M., van der Giessen, J.W., de Rosa, M., Wagenaar, J.A.,
Hartskeerl, R.A, Notermans, D.W., Maassen, K. (2016). Marked increase in leptospirosis infections in humans and
dogs in the Netherlands, 2014. Eurosurveillance 21
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diluting effect. Moreover, the decreased transpiration rate by elevated CO2 might cause a decrease
in mass flow, reducing N absorption with the mass flow. Furthermore, the N concentration in
plants may be connected to endogenous abscisic acid concentrations, which are influenced by
variations in root development. Furthermore, low leaf N might enhance cytokinin levels under
elevated CO2, encouraging stomatal opening. It is noteworthy that N can impact the accumulation
of endogenous abscisic acid and the responses of the stomata to endogenous abscisic acid, thereby
influencing the stomatal response to the stress of drought under elevated O2 growth conditions.*?

High temperatures: this result in an increase in CO2 efflux from the soil. Global warming is
lowering the SOC stock (carbon stock expressed as Mg ha—1 or kg m—2) by boosting the rate of
decomposition and, as a result, the residence time of C in the soil. As a result, soils are expected
to be the main source of CO2 emissions in the future*® . The increasing temperature modifies the
factor of plant nutrients and different nutrient cycles in nature*. The rising temperature also
influences physiological processes such as photosynthesis and respiration. The net impact of CC
will vary owing to specific conditions. Therefore, in areas with cold spring and summer periods,
where the growing season is short, higher temperatures may improve the crop yields. However, a
warmer climate will reduce yields when the temperature increases.

Precipitation levels: The considerable variations in precipitation directly influence the yield,
especially in semi-arid and arid climates. Soil water is an essential resource in agriculture. Nutrient
absorption is connected to soil water availability, which may be affected by climate change and
changing precipitation patterns®. Additionally, nutrient leaching will also be forced by increased
precipitation. It is known that intensive rainfall increases soil erosion, which is likely to be higher
under CC. An increase of 1% in precipitation is projected to result in a 1.5 to 2% increase in
erosion. Intensive rain and transforming from snowing to raining will moreover increase the
erosion rate. Plant cover reduces soil erosion rates by weakening rain power (in addition to
stabilizing soils by root and reducing sediment transportation by crop residue). Thus, variations in
plant biomass can increase those impacts of soil erosion and nutrient leaching.

Coral Reefs Deterioration: Climate change is currently the strongest driver affecting coral
dynamics*®. Sea level rise, high ocean temperatures, ocean acidification, and the synergistic effects
that climate drivers have with one another and with non-climate drivers are currently causing
widespread negative effects on PICT corals. For example, calcification rates are affected by both
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ocean pH and temperature. Current maximum calcification rates are just 2-3 oC below the
maximum temperature corals can withstand before thermal bleaching.*’

When corals bleach, calcification is further suppressed because photosynthetic products from the
zooxanthellae are essential for the calcification process*. The factors affecting Coral Reefs
include; increase in Ocean Temperatures, Ocean acidification and Sea level rise and cyclones.

Conclusion

Current impacts of elevated and increasing levels in greenhouse gases, heat and ambient CO2 in
indoor environments, mostly due to activation of the autonomic nervous system, include
inflammation, respiratory diseases, headaches, fatigue, increased heart rate, increased blood
pressure, and other symptoms. Recently charcoal has been Nigerian major fuel sources for
different household applications, due to the expensive price of gas and minimal or average
electricity supply. Climate and health has been interlinked i.e. at any given stage, any element that
affect climate would directly or indirectly affect the health of individuals and as well as the
availability and quality of their food, water and environment. This review aim to educate the
Nigerian population, on the increase application of charcoal and heat, and how the consequence of
their action might affect their health and climate.
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