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Review Article

ABSTRACT

Carbon-based soot, a black particulate material, is produced when fossil fuels burn partially. Soot is
seen as an unwelcome byproduct that results from the insufficient combustion of carbon-containing
compounds. The environment is affected by the deposition of soot in water, air and soil. These
environmental components serves as a means of exposure to man although, the effect of water
and soil exposure are poorly studied. This reviewed has also shown that three pathological
conditions may occur as a result of soot exposure; they include- respiratory disorder,
cardiovascular disease and cancer. Poly aromatic hydrocarbon (PAH) was reported as
carcinogenic substance in soot that causes cancer. Direct contact-mediated lung cell failure and
immune response involvement that results in cellular proliferation and fibrosis have been proposed
as the mechanisms underlying respiratory illness. Inflammation of myocardiac tissues was
considered the pathogenesis of cardiovascular disease in soot exposure individuals. Treatment
options were based on the mechanism of soot pathology. Based on existing literatures, this review
has demonstrated that soot polluted environment can lead to cancer, cardiovascular disease and
respiratory disorder.
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1. INTRODUCTION

Carbon-based soot, a black particulate material,
is produced when fossil fuels burn partially. Soot
is seen as an unwelcome byproduct that results
from the insufficient combustion of carbon-
containing compounds. Incomplete combustion
of hydrocarbons results in the formation of this
powdery mass of black particles, which are
impure carbon [1]. Since the quarter of 2016,
soot has become an environmenal issue for
residents in Niger delta particularly Port-
Harcourt. It has been reported to cause about 1.6
million lung problems annually in this region [2].
The primary carcinogenic components in soot
are poly aromatic hydrocarbons (PAHSs), which
are hydrocarbons. The most recognizable diesel
soot is composed primarily of carbon, hydrogen,
oxygen, sulfur, and trace amounts of metals at
the elemental level. Black carbon, the main
component of soot, contributes to early human
death and disability.

Public health is a major concern for nations and
economies. First, public health can be used as a
gauge of how productive an economy is. As a
result, it is generally accepted that maintaining
good health is necessary for a nation to flourish
and grow. Economic growth is fueled by a
populace in good health. This shows that when
people, especially the reproductive parts, are in
bad health, the economy has a problem. Public
health is taken seriously because of this. [3].

The environment must play a key role for good
health to be realized in any economy because
there is no denying the connection between the
two [4,5]. Clear air, potable water, and nutrient-
rich food are examples of environmental
products that can support people in leading
healthy lifestyles. The environment is the source
of a vast variety of resources that man needs to
sustain his existence. Similar developments in
mineral mining have over time diminished the
value of the environment. In Port-Harcourt,
Rivers State, black soot, sometimes known as
black carbon or carbon black, is one of the main
environmental problems [6].

2. EFFECTS OF
ENVIRONMENT

SOOT IN THE

2.1 Air and Water

A few environmental issues caused by soot
include smog and the acidity of lakes and rivers.
When sunlight interacts with airborne particles,
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haze is created. Haze, which significantly
reduces vision and increases the risk of a plane
crash or a car accident, is primarily caused by
soot [6].

2.2 Terrestial Environment

By being dispersed by the wind or water, soot
particles have the potential to alter the nutritional
balance in river basins, along coasts, and in
forests, as well as deplete soil nutrients and
harm delicate agricultural crops. Important
national monuments and iconic structures can
gradually lose their color and suffer damage
due to acidification caused by soot
pollution, which can also discolor and dissolve
stone [6].

3. TOXICITY AND SIDE EFFECTS OF
BLACK SOOTS

3.1 Soot and Carbon Black-Related
Major Diseases and Rare
Pathological Manifestations

The association between soot and carbon black
and many diseases has been noted for more
than three centuries. Although many diseases
are caused by soot and carbon black, only three
of them are somewhat well understood. The
occurrence of cancer is the most complicated
condition linked to soot and CB. Localized and
systemic malignancies are caused by soot and
CB. [7]. Respiratory diseases, which can
occasionally be very serious, are the second
significant health problem associated with soot
and CB. Cardiovascular dysfunctions are the
third. In addition to these illnesses, some unusual
pathological findings have also been linked to
soot or CB exposures. In a study, prenatal
exposure to pritex-90 led to alterations in mice's
neuroinflammatory and sexual development [8].
Surprisingly, rat brain proinflammatory marker
levels were dramatically affected by lung
exposure to diesel engine exhaust. In a different
investigation,  Printex-90  reduced  sperm
production [9]. Likewise, it was discovered that
carbon nanoparticles had a negative impact on
mice's male reproductive system. It has recently
come to light that carbon black causes
immunological activation in the male mouse
pups, which causes developmental damage. In
guinea pigs, soot from a transformer fire was
also observed to cause salivary gland duct
metaplasia. These research demonstrate the role
of the body's systemic reaction in the emergence
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of many illnesses, which still requires in-depth
investigation.

3.2The Pathological Mechanics of
Cancer Caused by Soot and Carbon
Blacks

As previously stated, soot is the first known
carcinogen to be linked to the emergence of
many cancer forms in both people and laboratory
animals. These tumors may arise nearby or far
away from the exposure location. It was noticed
that chimney sweeps still exhibit higher cancer
mortality rates after 200 years of efforts to restrict
the safety in soot-related activities. In keeping
with this, a case study from Gerber stated that
soot exposure led to the development of penile
cancer in chimney sweeps. The increased risk of
cancer among Swedish chimney sweeps was
also attributed to exposure to asbestos and soot.
[10]. The majority of malignancies in the distal
body parts may be accompanied by soot
transportation because soot is absorbed and
carried to blood via airway epithelium. According
to a population-based study, occupational
exposure to polycyclic aromatic hydrocarbons, a
soot component, causes malignancies of the
urinary tract and lungs. Another case-control
research in the rubber manufacturing sector
identified CB as a significant risk factor for early-
stage skin cancer. It was later discovered that
exposure to polycyclic aromatic hydrocarbons
(PAHs) found in diesel soot is what causes
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prostate cancer. Furthermore, gene expression
profiing supported the link between CB
nanoparticle exposure and human health risk.
[11]. Unlike the other studies, the International
Agency for Research on Cancer (IARC) in
Montreal, Quebec, Canada found no measurable
increase in the risk of lung cancer in the patients
who had occupational exposure to titanium
dioxide, industrial talc, CB, and cosmetic talc
[12]. However, no other organs were looked into;
this study was just focused on lung pathology.
Experimental models also produced data to
support the notion that soot and CB have cancer-
causing qualities in addition to the evidence
already mentioned. A study done on dogs
showed that soot absorption through the alveolar
epithelium is how unmetabolized PAHs enter the
bloodstream. The morphological abnormalities in
the lungs are caused by soot particle interactions
with lung tissue, as demonstrated in a rat model.
When frequently breathed by rats, diesel exhaust
(DP) and CB demonstrated hazardous and
pulmonary carcinogenic effects. The genotoxic
underpinnings of soot toxicity were validated by
an in vitro research on the carcinogenic potential
of CB [13]. The metabolically competent AHH-1
cell line (a human lymphoblast cell line) also
showed a mutation at the hprt gene in response
to soot. Further evidence that soot induces
genotoxic effects and causes DNA mutations
came from an in vitro investigation of grown cells
[14].

Dead Cell

Healthy Cell

Cancer Cell

Fig. 1. Toxicant-induced carcinogenesis
lllustrating the mechanism of toxicant-induced carcinogenesis [15]
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3.3 The Pathophysiological Mechanisms
of Respiratory Diseases Caused by
Soot Production

The first tissue to continuously be exposed to the
many types of soot and CBs found in the
environment is the respiratory epithelium of the
lungs. By altering lung functioning, soot
poisoning prevents the respiratory process from
occurring. There could be two different types of
toxicological processes. The first mechanism is
the direct contact-mediated dysfunctions of lung
cells, which include the production of ROS, cell
hyperplasia, cell death, or apoptosis of lung
airway epithelium and other nearby cells [16].
The next pathway involves the systemic immune
response, which results in tissue remodeling and
fibrosis, which impairs lung function and causes
breathing problems. In the context of human
clinical trials and animal investigations, we will
explore these two categories of toxicities brought
on by soot or CB in this section. Asthma and
chronic obstructive pulmonary disease (COPD)
are the two respiratory conditions that are most
frequently observed in people as a result of soot
exposure. The pathogenesis of asthma includes
airway inflammation, tissue remodeling and
fibrosis, intermittent airflow obstruction, and
bronchial hyper-reactivity [17]. Airway
inflammation, mucociliary dysfunctions, and
structural alterations are all part of the
pathogenesis of COPD. Numerous studies have
shown a connection between soot or CB and
asthma and COPD. According to a study, asthma
in children is brought on by early exposure to air
pollution. Smog, ultrafine particles (UFPs), and
carbon monoxide levels are linked to worsening
asthma in metropolitan children [18]. DEP
change polarity mechanisms to start the
migration of alveolar epithelial cells. According to
an epidemiological investigation, crop burning
had an impact on healthy volunteers' peak
expiratory flow rate and pulmonary functioning
[19]. Patients who are predisposed to COPD or
asthma already display oxidative stress, making
them more vulnerable to soot-mediated oxidative
damage. It's interesting to note that CB is known
to negatively affect people via ROS and may
exacerbate their symptoms in vulnerable
individuals. Animal model results also backed
soot- and CB-mediated mechanisms of toxicity.
The ultrafine soot produced by the flame boosted
ROS and elevated Nrf2 antioxidants in the lungs,
according to research done on rats [20]. As a
result of the oxidative stress caused by soot or
CB and the accompanying  systemic
immunological response (inflammation) in the
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lungs, asthma and other illnesses might occur
[21].

3.4 The Mechanism of Cardiac
Dysfunctions Caused by Exposure to
Soot and Carbon Black

Due to their distal manifestation from the site of
exposure and participation of more systemic
responses, cardiovascular illnesses brought on
by soot and CB exposure are a serious cause for
concern. Suitable clinical and epidemiological
evidence connected CB and soot to
cardiovascular dysfunctions. Personal soot
exposure is associated with acute myocardial
infarction, according to a case-crossover
research. Myocardial infection incidence was
also attributed to soot. Implantable cardioverter
defibrillators in London were activated by air
pollution (BC) (a device used to treat
cardiovascular dysfunctions). People who were
exposed to wildfire particles in Darwin, Australia,
had a higher risk of hospitalization for
cardiovascular disease [22]. In addition, air
pollution was thought to be a significant risk
factor for the ST-segment depression in patients
with  coronary artery disease (an ECG
measurement) (CAD). Notably, primary organic
carbon emissions from traffic increased platelet
activation, systemic inflammation, and maybe
decreased antioxidant enzyme activity in elderly
persons with CAD [23]. CB patrticles were found
to be linked to rapid cardiovascular alterations,
which may undermine "healthy aging" and lead
to cardiovascular illnesses [24]. Numerous
research using experimental models showed
how soot poisoning causes circulatory
dysfunctions. According to a study, CB has an
impact on mice's cardiac autonomous nervous
system activities. This showed that despite
apparent myocardial and pulmonary injury, the
CB can still cause cardiovascular dysfunctions.
When given orally to rats, CB nanoparticle
treatment also affected endothelium alterations
through altering the expression of nitric oxide
synthase. It was discovered that long-term
exposure to soot (fine particulate air pollution)
was linked to negative cardiovascular outcomes.
[25]. A study using mice demonstrated that
biodiesel particles are more harmful to health
and can worsen cardiovascular problems. Heart
rate (HR) and mean corpuscular volume were
higher in this study when compared to the
control. Intriguingly, there was also an increase
in neutrophils, macrophages, platelets,
metamyelocytes, leukocytes, and reticulocytes
when compared to control.
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3.5 Therapeutic Actions that Could be
Taken to Control Soot and Carbon
Black (CB) Related Disorders

Some treatment methods have been proposed in
recent years to counteract the negative effects of
soot or carbon black [26]. According to the
literature that is currently available and the
explanation above, the mechanism of soot
toxicity involves immune cells, inflammatory
mediators, and different molecules of oxidative
stress sensitive pathways. Therefore, each of
these could serve as a key target for the creation
of novel therapies. These may be used to
address toxicities brought on by soot or CBs.
Soot and CB poisoning may benefit greatly from
antioxidant therapy. There are few examples of
antioxidant therapy for pulmonary toxicity in the
literature currently available [27]. In a mouse
model of the study, the antioxidant zerumbone
inhibited Th2 responses brought on by ovalbumin
and reduced airway inflammation. In a rat model
of asthma, the flavinoid antioxidant naringin also
reduced airway inflammation. In a mice model of
asthma, allium cepa extract and quercetin also
demonstrated protective effects [28]. Natural
anti-oxidant Crocus sativus and its primary
components, safranal and crocin, have
demonstrated protective  benefits  against
oxidative stress in a mouse model of asthma
[29. A mouse model of asthma has
demonstrated the protective effects of the well-
known antioxidant resveratrol. The effect of
artesunate, which significantly decreased the
levels of oxidative biomarkers, 3-nitrotyrosine,
and 8-isoprostane in a mice model of lung injury,
provided a clear illustration of antioxidant therapy
to the soot or carbon black produced injury.
Likewise, it was discovered that the natural
antioxidant  melatonin  decreased  airway
inflammation in an asthma model [30].

4. CONCLUSION

This review has shown that human exposure to
sooth and carbon black contaminated
environment can lead to physiological alterations
which could lead to carcinogenesis, respiratory
diseases and cardiovascular diseases among
other diseases yet to be fully explored.
Treatment options available are based on the
identified mechanisms that results to the various
diseases identified.

5. LIMITATION OF REVIEW

Most studies have considered the pathology of
soot to be attributed to inhalation but from the
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earlier section, it was stated that air was just one
out of the components of the environment that
serves as a means of exposure to man. Water
and soil sources and their effects on man are
scarcely studied, thus poorly reviewed.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Razavi M, Rahimipour MR, Kaboli R.
Synthesis of TiC nanocomposite powder
from impure TiO2 and carbon black by
mechanically activated sintering. Journal of
Alloys and Compounds. 2008;460(1-2):

694-698.

2. Tollefson J. Climate’s smoky spectre, with
their focus to greenhouse gases,
atmtospheric  scientists have largely

overlooked lowly soot particles. Natutre.
2009;460(7251):29-33.

3. Tator CH. Concussions are brain injuries
and should be taken seriously. Canadian
Journal of Neurological Sciences. 2009;
36(3):269-270.

4. Onwuli D, Ajuru G, Holy B, Fyneface CA.
The concentration of lead in periwinkle
(Tympanotonos  fuscatus) and river
sediment in Eagle Island River, Port
Harcourt, Rivers state, Nigeria. American
Journal of Environmental Protection.
2014;2(2):37-40.

5. Fyneface CA, Emeji R, Osere H, Nwisah L.
Concentrations of Nickel in Sediment and
Periwinkle of Eagle Island River, Port
Harcourt. Asian Journal of Fisheries and
Aguatic Research. 2018;1(4):1-5.

6. Fyneface CA, Ngowari AT, Eedee KF,
Ugochukwu NC. Environmental Effect of
Kpo-fire in Niger Delta and Future Health
Implication. Biotechnology Journal
International. 2022;26(2):18-24

7. Goss PE, Strasser-weippl K, Lee-
Bychkovsky BL, Fan L, Li J, Chavarri-
Guerra Y, Chan A. Challenges to effective
cancer control in China, India, and Russia.
The lancet oncology, 2014;15(5):489-
538.

8. Jackson comment on why we should worry
about malingering in VA system. Journal of
Traumatic Stress. 2011;25(4):454-456.

9. Kyiovska ZO, Boisen AMZ, Jackson P,
Wallin H, Vogel U, Hougaard KS. Daily
sperm production: Application in studies of

23



10.

11.

12.

13.

14.

15.

16.

17.

18.

prenatal exposure to nanoparticles in mice.
Reproductive Toxicology. 2013;36:88-97.
Hogstedt C, Jansson C, Hugosson M,
Tinnerberg H, Gustavsson P. Cancer
incidence in a cohort of Swedish chimney
sweeps, 1958-2006. American Journal of
Public Health. 2013;103(9):1708-1714.
Bourdon JA, Williams A, Kuo B, Moffat I,
White PA, Halappanavar S, Yauk CL.
Gene expression profiing to identify
potentially relevant disease outcomes and
support human health risk assessment for
carbon black nano particle exposure.
Toxicology. 2013;303:83-93.
Ramanakumar AV, Parent ME, Latreille B,
Siemiatycki J. Risk of Lung Cancer
following exposure to carbon black,
titanium dioxide and talc; results from two
case-control studies in Montreal.
International Journal of Cancer.
2008;122(1):183-189.

Roller M. In vitro genotoxicity data of
nanomaterials compared to carcinogenic
potency of inorganic substances after
inhalational exposure, Mutation
Research/Reviews in Mutation Research.
2011;727(3):72-85.

Jacobsen NR, Pojana G, White P, Moller
P, Cohn CA, Smith Korsholm K, Wallin H.
Genotoxicity, cytotoxicity and reactive
oxygen species induced by single-walled
carbon nanotubes and C60 fullereness in
the FE1-Muta Mouse lung epithelial cells.
Environmental and Molecular
Mutagenesis. 2008;49(6):476-487.
Nyebuchi J, Achonnwo KC, Roseline E,
Josephine O. Soot and carcinogenesis in
Rivers State. Journal of Cancer and Tumor
International. 2022;12(2):16-22.

Hussain S, Thomassen LC, Ferecatu I,
Borot MC, Andreau K, Martens JA, Boland
S. Carbon black and titanium dioxide

nanoparticles elicit distinct apoptotic
pathways in bronchial epihtelial cells.
Particles and Fibre Toxicology.

2010;7(1):1-17.

Ozier A, Girodet PO, Bara |, de Lara JMT,
Marthan R, Berger P. Airway remodelling
in asthma; new mechanisms and potential
for pharmacological intervention.
Pharmacology and Therapeutics. 2011;
130(3):325-337.

Evans RF, Fan WJ, Chureemart P, Ostler
TA, Ellis MO, Chantrell RW. Atomistic spin
model simulations of magnectic
nanomaterials.  Journal of  Physics;
Condensed Matter. 2014;26(10):103202.

Okafor et al.; JALSI, 25(4): 19-25, 2022; Article no.JALSI.89327

24

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Agarwal B, Balomajumder C, Thakur PK.
Simultaneous co-adsorptive removal of
phenol and cyanide from binary solution
using granular activated carbon. Chemical
Engineering Journal. 2013;228:655-664.
Chan KL, Ning Z, Wong KC, Westerdahl D,
Mocnik G, Zhou JH, Cheung CS. Black
carbon mass size distributions of diesel
exhaust and urban aerosols measured
using differential mobidity analyzer in
tandem with Aethalometer. Atmospheric
Environment. 2013;80:31-40.

Saber AT, Bourdon JA, Jacobsen NR,
Jesen KA, Madsen AM, Lamson JS, Vogel
UB. Carbon black nanoparticle instillation
induces sustained inflammation and
genotoxicity in mouse lung and liver.
Particle and Fibre Toxicology. 2012;9(1):1-
14,

Crabbe H. Risk of Respiratory and

cardiovascular hospitalisation with
exposure to bushfire particulates; new
evidence from Darwin, Australia.

Environmental Geochemistry and Health.
2012;34(6):697-709.

Jia X, Hao Y, Guo X. Ultrafine carbon
black disturbs heart rate variabiliy in mice.
Toxicology Letters. 2012;211(3):274-280.
Niranjan R, Thakur AK. The toxicological
mechanisms of environmental soot (black
carbon) and carbon black; focus on
oxidative  stress  and inflammatory
pathways. Frontiers in Immunology. 2017;
8:763.

Gan S, Wu ZL, Xu H, Song Y, Zheng Q.
Viscoelastic behaviours of carbon black gel
extracted from highly filled natural rubber
compounds; Insights into the Payne effect.
Macromolecules. 2016;49(4):1454-1463.
Andersen SM, Borghei M, Lund P, Elina
YR, Pasanen A, Kauppinen E, Skou EM.
Durability of carbon nonofiber (CNF) &
carbon nanotube (CNT) as catalyst support
for Proton Exchange Membrane Fuel
Cells. Solid State Iconics. 2013;231:94-
101.

Allen MR, Meinshausen M, Meinshausen
N, Hare W, Raper SC, Frieler K, Knutti R.
Greenhouse-gas emission targets for
limiting global warming. Climatic Nature.
2009;458(7242):1158-1162.

Oliveira Jr ON, Ibanez-Redin G,
Wilson D, Goncalves D. Low-cost screen-
printed electrodes based on
electrochemically reduced graphene
oxide- carbon black nanocomposites
for dopamine, epinephrine and



29.

paracetamol detection. Journal of Colliod
and Interface Science. 2018;515:101—
108.

Bukhari A, ljaz I, Gilani E, Nazir A. Detall
review on chemical, physical, and green
synthesis classification, characterizations
and applications of nano particles. Green
Chemistry Letters and Reviews. 2020;
13(3):223-245.

Okafor et al.; JALSI, 25(4): 19-25, 2022; Article no.JALSI.89327

30.

Shin B, Mondal S, Ravindren R, Bhawal P,
Ganguly S, Nah C, Das NC. Combination
effect of carbon nanofiber and ketjen
carbon black hybrid nanofillers on
mechanical, electrical and
electromagnectic interference shielding
properties of chlorinated polyethylene
nanocomposites. Composites part B;
Engineering. 2020;197:108071.

© 2022 Okafor et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle5.com/review-history/89327

25


http://creativecommons.org/licenses/by/4.0

