Soot in Rivers State and Haematological Insults

Abstract

Soot is known as unwanted by-products gotten from incomplete burning of materials that contain
carbon. Soot is also known as black carbon (BC) or carbon blacks (CBs). It is capable of causing
many health issues in both humans and animals. When illegal refining and burning activities are
carried out, the end product is usually the production of soots. Cases of soot emissions rising in
developing countries. It is one cause of diseases in the human population; these diseases include
respiratory diseases, cardiovascular diseases, cancers, and sometimes reproductive system
abnormality. Rivers State is a highly populated State with lots of companies carrying out one form of
refining and exploration or another. Two factors are responsible for the rising increase of soot in
Rivers State, the burning of illegal petroleum product by security agencies and the operation of
unlawful illegal refineries carried out from the creeks and surroundings of some local communities
and Port Harcourt, the State headquarters. The aim of this review was to assess the effects soot has on
the haematological parameters of individuals living in Rivers State. Soot has been shown by several
studies to cause some deviation in the haematological parameters such as decrease in the PCV, Hb
and RBC. However, it also brings about an increase in the total white blood cell count, neutrophils
and lymphocytes. This review provides information on the haematological insults associated with soot
exposure in Rivers State.
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Introduction

Soot which is also known as black carbon (BC) or carbon black (CB) is responsible for many
health challenges in both humans and animals ( Buchner et al., 2012; Agarwal et al., 2013).
The word soot and carbon black is usually used interchangeably but, they both have physical
and chemical differences(Medalia et al., 1983; Long et al., 2013). Soot is known as unwanted
by-products gotten from incomplete burning of substances containing carbon (Medalia et al.,
1983; Long et al., 2013;). while the Carbon Blacks are products found in the rubber, printing
and painting industries which are produced under controlled condition for commercial use
(Medalia et al., 1983; Long et al., 2013;). Soot is powdery in nature and black in colour
(Chuang et al., 2011). It is made up of carbon that are impure which is formed when there is



an incomplete combustion of hydrocarbons products (Canagaratna et al., 20109). The
primarily source of soot is the burning of fossil fuels and the burning of materials on
earth(Glaser et al., 2005). Examples of other materials that produces soot may include coal,
charred wood, petroleum coke, cenospheres, and tars (Birky & Voorhees, 1989; Scheepers &
Bos, 1992). To a smaller extent, quartz/halogen bulbs with settled dust, cooking, oil lamps,
smoking of plant materials, fireplaces, candles, house fires, furnaces, and local field burning
also add to the production of soot in the environment (Kamboures et al., 2013). The size of
the particleof soot is from 10nm to 1mm in size (Niessner, 2014; China, 2013). The amount
of elemental carbon inside soot is known to be 60% of the total mass of soot particle (Watson
& Valberg, 2001; Cain et al., 2010). The main carcinogenic carbon fount in soot among
hydrocarbon is the poly aromatic hydrocarbons (PAHs) (Cain et al., 2010— Wang et al.,
2001). Diesel soot at the very elemental level contain a known amount of soot (as a main
component), hydrogen, oxygen, sulfur, and trace amount of metals (Fernandes & Brooks,
2003 Yang et al., 2012). Soot components are the reasons for premature mortality and
disability (Goto, 2014).

Sootis made of of different sizes. There sizes ranges fom 10nm to 1mm and contain 60% of
the soot particles in their total mass (Elechi-Amadi et al., 2019). Soot production is more in
developing countries than in developed countries (Elechi-Amadi et al., 2019is is one of the
cause of different kind of diseases in humans and animals, which include respiratory diseases,
cardiovascular diseases, cancers, and sometime reproductive system abnormality (Elechi-
Amadi et al., 2019).

Rivers State is a highly populated State with a lot of companies carrying out different
activities that bring about the production of soot such as mining and exploration. Two factors
are responsible for the rising amount of soot in the air and environment around Rivers State;
the burning off of illegal refineries by security agenciesand the activities of illegal refining of
petroleum which is run from the creeks and surroundings of some of the communities around

Port Harcourt, the State headquarters.

There are various mechanism through which remains of soot combustion can affect human
health. One of which is what is known to bring about oxidative stress which consequently
bring about an increase in Reactive Oxygien Species (ROS) or free radicals in the human
body. The exposure to soot brings about the release of inflammatory cytokines, leucocytes

and macrophages. When soot stimulate cytokine production it brings about the activation of


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5492873/#B14

mitogen-activated protein kinase (MAPK) in cells which responds to inflammation (Shi et al.,
2019). This will futher bring about the release of proinflammatory cytokines which which
consequently lead to extensive tissue damage in blood vessels. (Sandra et al., 2015). It is
therefore important to evaluate the haematological damages caused by exposure to sooth in

Rivers State.
Characteristics of Soot

Different types of soot exists based on their sources such as from a turbo diesel engine
operated using various mechanism, biodiesel fuel, spark discharge generator and soot
produced with a standard propane burner in a diffusion flame at varying carbon to oxygen
(C/O) ratios.

Carcinogenicity of Soot

Soot enters the human body either through ambient or indoor inhalation, gotten through the
ingestion of food that is contaminated or through the skin. Studies carried out on the
carcinogenicity has shown thatsoot causes cancers in humans (International Agency for
Research on Cancer (IARC), 1985). A study carried out by a British surgeon Percivall Pott in
1775 were he discovered a relationship between scrotal cancer and exposed chimney sweeps.
This was further confirmed by several other epidemiological studies inwhich it was
discovered that there was an increased risk of scrotal and other skin cancer among chimney
sweeps (Evanoff et al., 1993). Similarly, there is also strong evidence from research that
shows great association among occupational exposure (chimney sweeps) death from lung
cancer, in some of European countries. Another study also confirmed a great risk of
leukaemia, cancer of the esophagus and liver cancer with exposure to soot (Centre for
Disease Control and Prevention, 2017). A corresponding follow-up study also confirmed an
increased risk of esophageal, prostrate, haemopoietic, urinary bladder and lymphatic cancer

among Swedish chimney sweeps (International Agency for Research on Cancer, 1987).

2.2 Soot and its effect on human health

Soot pollution is a result of long years of careless, reckless, irresponsible and unsustainable
burning and use of fossil fuel (Akutu, 2018). After the build up of soot in the air, it gets in
contact with surfaces through random collision with those surfaces. As these particles collide

and their size increases, they accumulates enough mass that is deposited later due to gravity



(Elem, 2015). The time for soot deposited is shortened by other environmental factors, but
the soot is consequently deposited onto surfaces anyways. Soot is hazardous to health as the
toxic pollutants of inhale-able sizes of between 10 -2.5 micrometer can penetrate into human
lungs and blood stream to cause respiratory, cardiovascular diseases and cancer (Feng et al.,
2015). Air pollution causes several health challenges. It has more impact on the most
vulnerable in the society, children, elderly and those with pre-existing heart and lung
conditions (Ana et al., 2011). Several studies have shown the relationship between air
pollution, ill-health and premature death, and the very dangerous effects of pollutants are
established. In Rivers state, a lot of attention is given to pollution caused by oil industries but

little or no attention is given to those caused by transportation sources.

Different researchers have done a lot of studies on the impact of environmental pollution on
public health. In a study carried out by Munguti (1988) on environmental degradation and
disease in Kenya he discovered that the cause of premature deaths in Kenya is caused by
environmental pollution. Another study by Kelishadi, (2012) on environmental pollution,
health effects, and operational implications for pollutants removal. Kelishadi, (2012) also
observed that environmental pollution causes great health challenges to human.
Marchwinska-Wyrwal et al., (2011) also confirmed that in their studies. All these researchers
agreed that air pollution exixt and its the cause of about two million premature death globally.
As the years went by, a new dimension to this discovery occurred due to (air pollution)
increasing activities of artisanal refining and other activities which produces soot over time.
The artisanal refinaries rely on oil theft for their operation (Goodnews & Wordu, 2019). To
minimize or possibly bring this to an end, the Joint Military Taskforce (JTF) was established
in order to moniotor the activities of these illegal refineries. At the time of this study, illegal
refineries are soread all over the coastal communities and cannot be easily stopped. In a verge
to monitor the activities of these refineries, the JTF sets them on fire. Sadly, the operators of
these illegal refineries set up new ones immediately their old refineries are burnt down by the
JTF. The circle continuous and the release of soot also increases.

A study by Niranjan and Thakur (2017) shows that soot exposure brings about a genetic
mutation which affects humans by damaging the Deoxyribonucleic acid (DNA). These
researchers confirmed that exposure to soot causes skin cancer, leukaemia, esophageal and
liver cancer. The research also shows that the incidence of cancer in Rivers State is also very
high and it is as a result of increase in the presence of soot in the study area. Another study

done by Akutu (2018) on “Health issues to know about soot, preventive measures” revealed



that pneumonia can be caused by long-term exposure to soot. This can consequently expose
patients to other respiratory conditions like asthma. The proceedings of the National
Academy of Science study in 2019 confirmed the findings proposed by other scholars’ on the
effect of soot in public health. The study exposed that soot caused an estimated 131,000
premature deaths in Latino city of America in 2015. Nwachukwu et al., (2012) in their study
titled “the effects of air pollution on diseases of people of Rivers State, Nigeria” asserts that
the pollution level of soot in Rivers state is even higher than the World Health Organisation
recommendation. High cases of Morbidities and mortalities in Rivers State can be attributed
to the high level of air pollution in the area. The research by Nwachukwu et al., (2012)
reveal that cerebrospinal meningitis (CSM), chronic bronchitis, pertussis, pulmonary
tuberculosis, pneumonia, and hyper respiratory tract infection were the most prevalent in the
years of the of their study and is attributed to environmental pollution. It was concluded by
Nwachukwu et al., (2012) that the highest number of death cases in that year can be
attributed to pneumonia. Weli and Adekunle (2014) in their study of environmental risk
factors and hospital-based cancers in two Nigerian cities established a close relationship
between air pollution including soot with morbidities like respiratory diseases, traumatic skin,

outgrowth and respiratory health condition, child deformities, stillbirth, and miscarriage.

Haematological insults associated with soot exposure in Rivers State

Environmental pollutants which include soot are caused by the illegal activities of refinery of
crude and the burning of petroleum products. This has been shown by several studies to bring
about a significant decrease in the Packed Cell Volume (PCV), Haemoglobin (Hb) and Red
Blood Cell (RBC) (Elechi-amadi et al., 2019). However, there was a significant increase in
the Total White Blood Cell Count (WBC), Neutrophil and Lymphocytes in individuals
exposed to soot. As shown by the study carried out by Elechi —amadi et al., (2019), this can
be attributed to haemolysis caused by the inflammatory response of immune system and bone
marrow to soot exposure. A number of carbon with high molecular weight is highly toxic to
humans. For example, at different concentrations, benzene is toxic to humans, and is capable
of causing haematotoxicity and bone marrow depression, when it is inhaled for long period.
Another compound known as naphthalene can cause a destruction in the membrane of red
blood cells leading to haemolysis if they are inhaled in very large amounts. (Elechi-amadi et
al., 2019).

A study carried out on the effect of flared gases on humans showed that there is relationship

between high exposure to flared gases and toxicity (Kindzierski, 1999). There was also



similar decrease in the PCV, Hb, and RBC among petrol station attendants who are exposed
to hydrocarbon through inhalation (Okoro et al., 2006).

Some studies showed contradictory results on WBC count. Some studies reported an increase
while others reported a decrease in the WBC count of individuals exposed to soot ((Ovuru &
Ekweozor, 2004; Owu et al., 2005; Elechi-Amadi et al., 2019). Stress induced changes in the
haematopoietic pathway can attribute for an increase in WBC count as a result of soot
exposure. A study carried out by Adienbo and Nwafor, (2010) showed an increase in the
abnormality of red blood cell morphology and WBC count with a corresponding drop in
PCV, Hb and RBC as a result of concentrated environmentally associated pollutants brought
about by long term exposure to oil and gas activities in the environment. Stained smears of
red blood cells from nestling herring gulls that ingested Prudhoe crude oil were observed to
have reduced red cell count, Hein body formation, anisocytosis, poikilocytosis and
reticulocytosis (Leighton et.al., 1985); it has also been observed that exposure to flared gases
caused by incomplete combustion is associated to its effect on humans (Kindzierski, 2000).
Benzene is known to be toxic to human at any concentration when inhaled for long period. It
causes haematotoxicity and bone marrow depression. Nwhen naphthalene is inhaled or
ingested in large amount can cause a damage of red blood cell membrane consequently
leading to a breakdown. This may have also contributed to the decrease in the haematological
parameters and change in morphology. Stress-induced changes in the haematopoitic pathway
may be the reason for an increase in WBC count.

Possible Therapeutic intervention to Combat Soot Associated Disorders

Some therapeutic strategies have been put in place in recent years to fight the disorders
caused by the exposure to soot. The mechanism of soot toxicity can be attributed to immune
cells, mediators of inflammation, and molecules of oxidative stress responsive pathways as
proposed by early studies carried out (Allan et al., 2010; Patella et al., 2015). These
mechanisms can be exploited for the development of therapeutics (Cho, 2011). Examples of

these therapies include:

The antioxidant therapy which can be used to treat soot and carbon black toxicity (Hoffman
et al., 2015; Provotorov et al., 2015). Some literatures have shown the antioxidant therapy for
pulmonary toxicity (Allen et al., 2009). An antioxidant known as Zerumbone, is shown to

attenuate Th2 responses induced toxicity brought about by ovalbumin this study was carried



out in mice and the antioxicant decresed airway inflammation in the mice used for study
(Shieh et al., 2005). Similarly, another flavinoid antioxidant known as naringin, has also
been shown to attenuate airway inflammation in a mouse model of asthma (Guihua et al.,
2015).

Immune cells such as mast cells, eosinophils, T cells, and neutrophils are the main targets in
soot and its toxicity. These can be used to develop new therapies (Kato et al., 1992). One of
such is a monoclonal antibody known as mepolizumab which is used against the eosinophils
activation. This is currently in clinical trials against severe eosinophilic asthma (DREAM)
(Pavord et al., 2012). Such strategies can be used against eosinophils and other mediators of
immune response to soot and carbon black toxicity. The mast cell can as well be exploited to
develop new therapies against soot toxicity (Hugle, 2014). Notably, CGS 9343B, which is a
strong inhibitor of calmodulin family, has been shown to inhibit histamine release by mast
cells in rat models (Veerappan et al., 2013). The research shows that Inhibitors of dectin-1
signaling (R406) downregulated mast cells activation, and can also be used as a new therapy

to target soot-induced mast cell’s toxicity (Veraldi et al.,2016).

Conclusion

When an individual is exposed to flared gas or burning of petroleum products, this can lead to
a significant decrease in some haematological parameters. Prolonged exposure to soot can
bring about an alteration in some haematological parameters. This review suggests that living
in a soot polluted environment is quite harmful and is capable of causing morbidity and

mortality, those at more risks are patients with pre-existing chronic medical conditions.
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