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Chapter

A Role for Heavy Metal Toxicity
and Air Pollution in Respiratory
Tract Cancers

Chanda Siddoo-Atwal

Abstract

Cigarette smoke and air pollution have been associated with lung cancer
and naso pharyngeal and laryngeal cancer, respectively. Significant concentra-
tions of select heavy metals including lead and cadmium have been isolated in
popular cigarette brands, and these heavy metals can be inhaled via smoking.
Lead is able to mimic the activity of calcium in the human body, thereby leading
to toxic effects in a variety of target organs. Lead perturbs and alters the release
of intracellular calcium stores from organelles like the endoplasmic reticulum
(ER) and mitochondria. A rise in mitochondrial calcium stimulates the genera-
tion of reactive oxygen species (ROS) and free fatty acids which can further
promote calcium release and, ultimately, result in cell death. In the case of cad-
mium, the renal proximal tubule of the kidney accumulates freely filtered and
metallothionein-bound metal, which is degraded in endosomes and lysosomes.
This results in the release of free cadmium into the cytosol where it can generate
reactive oxygen species and activate cell death pathways. In developing countries,
indoor air pollution due to the domestic use of unprocessed biomass fuels such as
wood, dung, and coal is another cause of respiratory tract cancers in humans. In
some developed countries such as Australia and Canada, the alarming increase
in forest fire frequency due to climate change and the associated smoke released
into the environment is also likely to pose a future human health risk. Polycyclic
organic particles in biomass and forest fire smoke can include carcinogens such
as benzo[a]pyrene, which is also found in cigarette smoke. Benzo[a]pyrene can
induce apoptosis in mammalian cells by initiating mitochondrial dysfunction,
activating the intrinsic caspase pathway (caspase-3 and caspase-9), and via p53
activation. The constitutive activation of apoptotic pathways has been linked to
carcinogenesis in a number of cancer models.

Keywords: cigarette smoke, indoor and outdoor air pollution, lead, cadmium,
benzo[a]pyrene, respiratory tract cancers

1. Introduction

“Smoking is hazardous to the health” is a phrase that is commonly used and
understood in many parts of the world. In actuality, “smoke” is the hazard. The
inhalation of smoke from cigarettes, indoor air pollution, and forest fires currently
constitutes a serious public health issue of increasing importance as environmental
conditions rapidly change on the planet.
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The presence of heavy metals and other toxic and trace elements in tobacco
smoke is a major concern. Notably, lead (Pb), arsenic (As), chromium (Cr),
nickel (Ni), and cadmium (Cd) are usually associated with its adverse health
effects. Heavy metals can pass from tobacco to the smoke and smoke condensate
[1]. Although cigarette filters remove a portion of these elements, environmental
smoke pollution occurs via the smoke exhaled by the smoker and the sidestream
smoke emitted by the burning cigarette. The sidestream smoke inhaled by non-
smokers can contain a relatively high concentration of heavy metals. This process
of passive smoking can result in the deposition of heavy metals deep in the lung
tissue [2].

Lead and cadmium, particularly, both of which have long half-lives
(10-12 years), accumulate in tissues and fluids following smoke exposure.
Biomonitoring studies reveal that smokers have substantially higher lead and
cadmium levels than nonsmokers. Bioaccumulation of metals has also been
demonstrated in nonsmokers, who are chronically exposed to secondhand
smoke [3]. Smoking-related diseases can be attributed to the inhalation of many
different toxins including heavy metals. Heavy metals like lead have been shown
to affect various biochemical processes in the human body including calcium
metabolism and the activation of cell death pathways which are involved in
carcinogenesis [4].

A significant percentage of people in developing countries utilize coal and
biomass fuels like wood and dung for domestic energy. These materials are often
burnt in simple stoves resulting in incomplete combustion. Consequently, women
and young children are exposed to high levels of indoor air pollution daily. Many
substances in biomass smoke are hazardous to the health including carbon mon-
oxide, nitrous oxides, sulfur oxides (principally from coal), formaldehyde, and
polycyclic organic matter (notably carcinogens such as benzo[a]pyrene [BaP]).
Particles, particularly with diameters below 10 microns (PM10), especially those
less than 2.5 microns in diameter (PM2.5), can penetrate deeply into the lungs to
cause damage to these delicate organs. Epidemiological evidence suggests that
indoor air pollution increases the risk of chronic obstructive pulmonary disease
and of acute respiratory infections in childhood, which are the most important
cause of death among preschool children in developing nations. Biomass smoke
is also associated with low birth weight, increased infant and perinatal mortality,
pulmonary tuberculosis, nasopharyngeal and laryngeal cancer, cataracts, and lung
cancer (specifically, in the case of coal) [5].

The incidence of forest fires is strongly linked to climatic conditions. In fact,
climate change is predicted to affect forests in the following ways: increased growth
rates, tree-line movements, changes to forest species assemblages, increased
fire incidence, more severe droughts in some areas, increased storm damage,
and increased insect and pathogen damage [6]. Specifically, predicted impacts
of climate change in Australia include increased fuel loadings, drier fuels, and
increased dangerous fire weather [7, 8]. Model predictions for Canada have found
expectations of decreased fire frequency in parts of the eastern boreal forest, while
dramatic increases are expected elsewhere in the country [9]. In fact, over recent
decades, the area burned by wildland fires in Canada has steadily increased and
is predicted to double by the end of the century accompanied by an increase in
length of the fire season [10]. At the same time, it is important to note that several
climatic and non-climatic factors besides increased temperatures determine forest
fire frequency including ignition sources, fuel loads, vegetation characteristics,
rainfall, humidity, wind, topography, landscape fragmentation, and management
policies [11]. Currently, research on the health effects of forest and wild fire smoke
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Figure 1.
The same view of the Olympic Mountains in Washington State, USA, before (left) and during (vight) forest
fire season (2018) in British Columbia, Canada.

is limited [12]. However, smoke from these conflagrations contains the same kind of
particles as indoor combustion from wood smoke. Similar to the situation of indoor
air pollution from biomass smoke, forest fires generate polycyclic aromatic hydro-
carbons (PAHs), which can include carcinogens such as benzo(a)pyrene [BaP] [13].
Polycyclic aromatic hydrocarbons (PAH) like BaP can stimulate various biochemical
processes in the body including the continuous activation of apoptotic (cell death)
pathways that have been linked to the initiation of carcinogenesis [14]. It is of inter-
est that this chemical compound (BaP) is also found in cigarette smoke (Figure1).

2.Lead [Pb]

Generally, elemental lead use and exposure have decreased significantly since
the 1970s due to the innovation of unleaded gasoline and lead-free plumbing and
paints. However, lead poisoning is still a serious problem. Lead is very toxic and
specifically targets the kidneys, liver, central nervous system, hematopoietic sys-
tem, and endocrine and reproductive systems. It can be absorbed by women during
pregnancy and transferred to the developing fetus. Prenatal lead exposure has been
linked to reduced birth weight, preterm delivery, and neurodevelopmental abnor-
malities in offspring. Exposure occurs mostly as a result of deteriorating house
paints, contact at the workplace, hobbies, leaching from lead-containing vessels into
food and water, cigarette smoke, and the use of lead in certain traditional medicines
and cosmetics. Routes of exposure mainly include inhalation of lead-containing
dust particles and ingestion of lead-contaminated food and water [15]. Lead has
been classed as a probable carcinogen by the Environmental Protection Agency
(EPA) and other regulatory agencies [16, 17].

Lead is able to mimic the activity of calcium in the human body, thereby leading
to toxic effects in a variety of target organs [15]. These biochemical effects include
the calcium-dependent inhibition of release of several neurotransmitters [18] and
augmentation of calcium-dependent events involving protein kinase C and calmodu-
lin [19, 20]. Lead can also be incorporated into the human skeleton instead of calcium.

Moreover, lead perturbs and alters the release of intracellular calcium stores
from organelles like the endoplasmic reticulum (ER) and mitochondria [19, 21].
Mitochondria can accumulate large amounts of calcium, for example, in the
presence of inorganic phosphate. The rise in calcium results in an upregulation of
energy metabolism and an increase in mitochondrial membrane potential. Then,
the release of this accumulated calcium through a special channel, permeability
transition pore (PTP), can cause mitochondrial depolarization. According to the
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model of glutamate toxicity, mitochondrial calcium accumulation and resultant
membrane depolarization are clearly linked to the initiation of a cell death pathway
in mitochondria [22, 23].

A rise in mitochondrial calcium also stimulates the generation of reactive oxygen
species (ROS) and free fatty acids which can further promote opening of the PTP,
resulting in calcium release and, ultimately, in cell death [23]. Many genes and
proteins that respond to conditions of oxidative stress stimulated by ROS release
within the cell subsequently trigger apoptosis. Because mitochondria are impor-
tant regulators of cellular redox status, the induction of oxidative stress exhibits
its effects upon these organelles by triggering the intrinsic apoptotic pathway via
cytochrome c release and caspase cascade activation [24, 25].

In this regard, it has been reported in various experiments that lead poisoning
results in cellular damage mediated by the formation of reactive oxygen species
(ROS) [26]. An elevation in the relative activities of certain antioxidant enzymes
such as glutathione peroxidase has also been reported in the erythrocytes of lead-
exposed workers [27].

In one large epidemiological study in Eastern Europe spanning several years, an
elevated risk of renal cell carcinoma was observed in the category of highest cumu-
lative occupational lead exposure [28]. Lead has been found to induce renal tumors
in rats and mice [29, 30]. Lead causes DNA strand breakage and 8-hydroxy-deox-
yguanosine adduct formation in calf thymus DNA [31]. It induces sister chromatid
exchanges in Chinese hamster ovary cells [32]. Lead-induced cytotoxicity and
apoptosis have been demonstrated in human cancer cells via various cellular and
molecular processes including oxidative stress induction and caspase-3 activation
[15]. Finally, mitochondrial alterations appear to play a central role in lead-induced
rod photoreceptor cell apoptosis [33].

Taken together, the above data point to the activation of apoptotic pathways as
a possible mechanism of lead carcinogenesis. It clearly has the potential to initi-
ate cancer as described in a new approach to cancer risk assessment based on an
apoptotic model of tumor formation. In this two-stage model of tumor formation,
Step I exposure to a carcinogen (Pb in this case), possibly facilitated by a genetic
predisposition, results in an epigenetic or genetic event causing continuous apop-
totic activation of cells in the target tissue. In Step II, when the carcinogen may or
may not be present, resistance to apoptosis and continuous cell proliferation result
due to another genetic or epigenetic event [4, 14].

3. Cadmium [Cd]

Cadmium is a heavy metal that is widely distributed in the earth’s crust, while
the highest level of cadmium compounds is found in sedimentary rocks and
marine phosphates. Human exposure to this element can occur through employ-
ment in primary metal industries, eating contaminated food, smoking cigarettes
(a major contributor), and working in cadmium-contaminated places. Other
sources of cadmium include emissions from mining, smelting, manufacturing
batteries, pigments, stabilizers, and alloys. The main routes of cadmium exposure
are via inhalation or cigarette smoke and ingestion of food. It is a severe pulmo-
nary and gastrointestinal irritant, which can prove fatal when inhaled or ingested
in extreme cases [15].

Cadmium levels in the body can be measured in the blood or urine. Typically,
blood and urine cadmium levels are higher in cigarette smokers, intermediate in
former smokers, and lower in nonsmokers. The circulatory system is an important
distribution route of cadmium toxicity, and blood vessels are considered to be the
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primary target. Chronic cadmium inhalation exposure is associated with changes
in pulmonary function and chest radiographs consistent with emphysema. Chronic
low-level cadmium exposure can also cause decreases in olfactory function and
bone mineral density and osteoporosis.

Cadmium compounds have been classified as human carcinogens by certain
regulatory agencies including the International Agency for Research on Cancer
and the US National Toxicology Program based on repeated findings of a cor-
relation between occupational cadmium exposure and lung cancer in humans. In
addition, there is strong experimental evidence that the pulmonary system is the
main target site for carcinogenesis in rodents [17]. Such rodent studies reveal that
chronic cadmium inhalation results in pulmonary adenocarcinomas. Oral cad-
mium exposure in rats is also associated with tumors of the prostate, testes, and
hematopoietic system [34-36].

Cadmium is a weak mutagen and the mechanisms of its toxicity are poorly
understood. It has been reported to affect signal transduction pathways, induce ino-
sitol phosphate formation, increase cytosolic free calcium levels in a variety of cell
types, and block calcium channels. At lower micromolar concentrations, cadmium
can induce the expression of antioxidant enzymes such as glutathione transferases
and metallothioneins suggesting that it causes cellular damage via the generation of
ROS, which can initiate DNA damage and activate apoptotic pathways.

Specifically, receptor-mediated endocytosis of freely filtered and metallothio-
nein-bound cadmium causes it to accumulate in the renal proximal tubule of the
kidney. Following internalization and degradation of metallothionein-cadmium
complexes in endosomes and lysosomes in this kidney model, free cadmium is
released into the cytosol, where it can generate ROS and activate cell death path-
ways [37] implicated in cancer.

4. Polycyclic aromatic hydrocarbons [PAHs] and benzo(a)pyrene [BaP]

Polycyclic aromatic hydrocarbons and their derivatives are a major class of
organic compounds that are produced as a result of incomplete combustion of fossil
fuels and other organic matter. Consequently, they are prevalent in the human
environment and include a number of potent carcinogens. Some of the major
sources of these emissions are wood and coal burning, automobiles and other fossil-
fuel propelled modes of transportation, heat and power plants, and refuse burning.
PAHs are not only present in the air, but are found in many common foods and
drinking water and form a significant component of tobacco smoke [38].

Levels of PAHs are routinely measured in the atmosphere for air quality assess-
ment, in sediments and mollusks for environmental monitoring, in biological
tissues for monitoring of health effects, and in foodstuffs for safety reasons.

Gas chromatography is often chosen for analyzing (separating, identifying, and
quantifying) PAHs due to the high degree of selectivity and resolution this method
provides [39].

PAH-DNA adducts have been compared in the peripheral leukocytes of non-
small cell lung cancer patients and in controls. Adduct formation has been found to
be significantly higher in lung cancer cases than in controls. Further, in the cancer
patients, adducts were more strongly correlated with lung tumor tissue than with
non-tumor lung tissue consistent with a genetic susceptibility to lung cancer as a
result of adduct-induced DNA damage [40]. More specifically, BPDE-DNA adducts
have been observed in the white blood cells of occupationally exposed workers and
cigarette smokers. BaP is metabolically activated to its carcinogenic form benzo(a)
pyrene diol epoxide (BPDE), and this is an important step in BaP carcinogenicity
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in experimental animal studies [41]. Moreover, using a specially developed assay
on peripheral blood lymphocytes, it has been determined that there is a significant
association between the level of in vitro BPDE-induced DNA adducts and risk for
lung cancer in humans [42]. In another molecular epidemiologic hospital-based
study, DNA repair capacity was measured in cultured lymphocytes from lung
cancer patients and controls. It cleverly utilized the host-cell reactivation assay with
areporter gene damaged by the known activated tobacco carcinogen, benzo[a]
pyrene diol epoxide. It was observed that reduced DNA repair capacity was associ-
ated with increased risk of lung cancer in a dose-dependent fashion [43]. In addi-
tion, the frequency of BPDE-induced chromosomal aberrations is significantly
higher in lymphocyte cultures from lung cancer patients than in controls. These
chromosomal aberrations tend to be predominantly single chromatid breaks with
few exchanges or isochromatid breaks [44].

There is overwhelming evidence in the scientific literature for BaP-induced
lung and respiratory tract carcinogenesis in experimental animals. Highly sensi-
tive immunoassays using antiserum specific for benzo(a)pyrene have revealed a
dose-related increase in levels of BaP-DNA adducts in the lung tissue of mice and
rabbits following intraperitoneal injection with this chemical carcinogen [45]. In the
past, respiratory tract tumors have been induced in Syrian golden hamsters following
intratracheal injections of benzo(a)pyrene and benzo(a)pyrene-ferric oxide [46, 47].
In fact, BaP-induced lung cancer in mice is so reproducible that it has become a
popular model for studying the potential role of natural products in ameliorating
the effects of BaP [48]. It is known that lung carcinogenesis can be induced in Swiss
albino mice following biweekly treatment with BaP (50 mg/kg b. wt.) over a period
of 16 weeks [49]. Supplementation with hesperidin, a naturally occurring flavonoid
in citrus fruits, has been reported to have a chemopreventive activity during BaP-
induced lung cancer in Swiss albino mice. It appears to attenuate the accompanying
loss in tissue antioxidant function and to have an antiproliferative effect as revealed
by histopathological analysis involving proliferating cell nuclear antigen (PCNA)
immunostaining [50]. In another interesting chemopreventive study, BaP-induced
neoplasia of mouse forestomach was inhibited by a principal component of Japanese
soy sauce, 4-hydroxy-2(or 5)-ethyl-5(or 2)-methyl-3(2H)-furanone, suggesting that
this Saccharomyces cerevisiae metabolite is a potent anticarcinogen [51].

In mouse hepatoma cells, treatment with micromolar concentrations of BaP
results in caspase-3 activation, followed by apoptosis. However, caspase-3 activity
is blocked and BaP-induced apoptosis attenuated by pretreatment of the cells with
a specific inhibitor of caspase-3-like proteases, acetyl-Asp-Glu-Val-Asp-aldehyde
[52]. It has also been demonstrated that BaP treatment of mouse hepatoma cells
causes apoptosis via the catalytic activation of caspase-9, mitochondrial dysfunc-
tion including a loss in membrane potential and cytosolic release of cytochrome c,
and phosphorylation of p53 (Ser15) [53]. In BaP-treated human Hep3B (p53-null)
cells, necrosis is induced at 12 hours and apoptosis at 24 h, respectively, due to a
dramatic increase in oxidative stress [54].

Although many epidemiological studies have been carried out on smokers with
lung cancer, there is also evidence to suggest that people living in urban areas have
an increased risk of lung cancer due to higher levels of air pollution in these areas.
A number of studies have indicated a correlation between lung cancer risk and
exposure to urban air pollutants, particularly inhalable and fine particulate matter
[55]. In animal experiments, lung toxicity, inflammatory effects, genotoxicity, and
rodent carcinogenicity have been demonstrated for diesel exhaust and urban air
particulates. In vitro, both can cause oxidative DNA damage, mainly single-strand
breaks and 8-oxo-dG (8-0x0-7,8-dihydro-2'-deoxyguanosine). In vivo, even at
low-dose levels, diesel exhaust particles can induce oxidative DNA damage in
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rodent lung tissue [55]. BaP is currently used as the main indicator of PAH levels

in air pollution. However, recently, there has been some concern that there may be
PAHs with a higher potency of carcinogenicity like dibenz[a, #]anthracene (DBA)
and dibenzo[a, []pyrene in air/PAH mixtures that pose even a greater health risk to
humans [56].

5. Antioxidants and detoxification

Inside the cell, the harmful effects of free radicals are balanced by the antioxi-
dant action of antioxidant enzymes and nonenzymatic antioxidants that help in the
process of detoxification.

Metallothioneins (MTs) are small, cysteine-rich proteins that bind heavy metals
and participate in an array of protective stress responses. MTs are found in bac-
teria, plants, invertebrates, and vertebrates. There are four main mammalian MT
isoforms (MT-1 to MT-4) with distinct roles in different tissues. Aerobic organisms
are susceptible to damage by reactive oxygen species (ROS) and reactive nitrogen
species (RNS). MT protects cells from exposure to various free radical species like
the hydroxyl, peroxyl, alkoxyl, and superoxide anion radical and the nitric oxide
and nitric dioxide radicals, which react readily with sulthydryl groups. MT is also
important for the regulation of zinc levels and the distribution of this metal in
the extracellular space. Since zinc cannot pass easily through membranes, zinc-
transporting proteins, Zrt-Irt-like protein or zinc iron permease (ZIPs) and zinc
transporters (ZnTs), help to facilitate this process. The presence of Zinc(II) within
the cell causes an increase in the major zinc-binding protein metallothionein, and it
binds to MTs forming a thermodynamically stable complex. MT can be activated by
various stimuli including heavy metal ions, cytokines, growth factors, and oxida-
tive stress within the cell. Cells that display high MT production are resistant to
heavy metal toxicity by cadmium, whereas cell lines that cannot synthesize MTs are
sensitive to the toxic effects of cadmium [57].

Cytosolic glutathione S-transferases (GSTs) are a supergene family of dimeric
enzymes that detoxify a number of carcinogens including polycyclic aromatic
hydrocarbons which are some of the principal substrates. The enzyme, GSTM1-1,
appears to be particularly effective in dealing with certain PAH derivatives, and
at least one large epidemiological study has found a highly significant correlation
between the absence of GSTM1-1 activity and adenocarcinoma of the lung in smok-
ers [58]. GSTs require the presence of glutathione in order to fulfill their function of
conjugating glutathione (GSH) to cytotoxic and genotoxic lipophilic compounds for
their removal from the cell. Interestingly, the presence of intracellular zinc appears
to boost glutathione levels in certain cell types [59], and, thus, zinc supplementa-
tion may be a useful measure for the prevention of lung cancer from tobacco smoke
and environmental factors such as heavy metals by boosting both MT and GST
activities [60]. Glutathione supplementation may also be helpful.

Vitamin C (ascorbic acid) and vitamin E (DL-a-tocopherol) treatment together
has been reported to result in a significant reduction in smoking-related BaP-DNA
adducts in women and suggests that antioxidant supplementation may help to
mitigate some of the carcinogenic effects of BaP exposure. It is particularly effective
in females with the GSTM1 null genotype, whereas males do not seem to benefit
from the same treatment [61].

Black tea polyphenols (theaflavins and epigallocatechin gallate) have been
observed to suppress cell proliferation and induce apoptosis during BaP-induced
lung carcinogenesis in mice. The occurrence of carcinoma in situ was effectively
reduced as a result of this treatment [62] (Figure 2).
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Figure 2.
A crop of BC apples covered with a layer of fine particulate matter from forest five smoke.

6. Conclusions

Lead and cadmium are two of the heavy metals that are expelled in cigarette
smoke. In epidemiological studies, lead and cadmium have been correlated with
human cancers including renal and lung, respectively. In animal studies, lead has
been found to induce renal tumors in rats and mice, while cadmium inhalation is
associated with pulmonary adenocarcinomas in rodents. In addition, oral cadmium
in the diet of rats results in tumors of the prostate, testes, and hematopoietic sys-
tem. Apoptosis or oxidative stress, which can signal cell death, has been observed
and reported in cell cultures in response to both metals. As such, these two heavy
metals have the potential to cause cancer independently.

The polycyclic aromatic hydrocarbon, benzo(a)pyrene, which is a prominent
component of indoor/outdoor air pollution and cigarette smoke, is a well-estab-
lished carcinogen. BaP-DNA adducts have been observed in lung cancer patients
and in experimental animals following BaP exposure. BPDE-DNA adducts have
been reported in the white blood cells of occupationally exposed workers and ciga-
rette smokers. There is a strong positive correlation between this type of BaP/BaP
metabolite DNA adduct formation and risk for lung cancer in humans. An elevated
frequency of BPDE-induced chromosomal aberrations has also been observed in
lymphocyte cultures from lung cancer patients. Moreover, animal studies have
revealed a highly reproducible association between BaP exposure and respiratory
tract tumors in Syrian golden hamsters and lung cancer in mice. BaP treatment of
mouse hepatoma cells can cause apoptosis via caspase-3 and caspase-9 activation,
mitochondrial dysfunction including a loss in membrane potential and cytosolic
release of cytochrome c, and phosphorylation of p53 (Ser15). In a BaP-treated
human hepatocellular carcinoma cell line, necrosis is induced at 12 hours and
apoptosis at 24 hours, respectively, due to a dramatic increase in oxidative stress.
Thus, these results are consistent with a mechanism of carcinogenesis based on an
apoptotic model.

Zinc supplementation may be useful for heavy metal detoxification in mam-
mals. Certain antioxidants including vitamin C, vitamin E, black tea polyphenols
(theaflavins and epigallocatechin gallate), and flavonoids have been reported to
help in mitigating some of the toxic effects of polycyclic aromatic hydrocarbons.
Thus, antioxidant supplementation may prove to be an effective measure in reduc-
ing the risk of respiratory tract cancers in smokers and from air pollution in devel-
oping nations where there is still a significant use of biomass fuels.

In recent years, great progress has been made in banning cigarette smoking
from public places around the world due to the proven hazards of secondhand
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smoke. Some developing nations have also instituted economic and educational
programs to discourage the general use of biomass fuels and seasonal burning of
paddy fields. Certain countries have legislated stricter laws to deal with irrespon-
sible cigarette smokers, who often start large blazes by discarding their cigarettes
and matches outdoors, and, professional arsonists. In places like British Columbia,
where there are so many forests and the incidence of forest fires is increasing due
to climate change, one extreme solution may be to close public parks during the
peak fire season.

Nevertheless, despite these local actions, nothing short of an international effort
is required to tackle climate change effectively on a global scale. If countries are to
truly cooperate in combatting the rapidly changing conditions on the planet, gen-
eral goodwill among nations and the cessation of all hostilities embodied in a World
Peace Treaty (WPT') seem to be necessary. A ban on the use of nuclear weapons and
nuclear testing should also be included in such an agreement since there is already
evidence to suggest that atmospheric nuclear explosions have contributed to climate
change in addition to greenhouse gases. Economic benefits are likely to be a positive
outcome of “green” eco-friendly policies in the long run as awareness about their
importance is raised among the general public.

Author details
Chanda Siddoo-Atwal
President and Primary Biochemist of Moondust Cosmetics Ltd, West Vancouver,

Canada

*Address all correspondence to: moondustcosmetics@gmail.com

IntechOpen

© 2019 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium,

provided the original work is properly cited.



Heavy Metal Toxicity in Public Health

References

[1] Ashraf MW. Levels of heavy
metals in popular cigarette brands
and exposure to these metals via
smoking. The Scientific World
Journal. 2012;2012:729430. DOI:
10.1100/2012/729430

[2] Chiba M, Masironi R. Toxic and
trace elements in tobacco and tobacco
smoke. Bulletin of the World Health
Organization. 1992;70(2):269-275

[3] Caruso RV, O’Connor RJ,

Stephens WE, Cummings KM, Fong GT.

Toxic metal concentrations in cigarettes
obtained from U.S. smokers in 2009:
Results from the international tobacco
control (ITC) United States Survey
Cohort. International Journal of
Environmental Research and Public
Health. 2014;11(1):202-217. DOI:
10.3390/ijerph110100202

[4] Siddoo-Atwal C. Heavy

metal carcinogenesis: A possible
mechanistic role for apoptosis.
Vegetos. 2017;30(Special):124. DOI:
10.5958/2229-4473.2017.00046.5

[5] Bruce N, Perez-Padilla R, Albalak R.
Indoor air pollution in developing
countries: A major environmental and
public health challenge. Bulletin of the
World Health Organization; Special
Theme — Environment and Health.
2000;78(9):1078-1092

[6] Eastaugh C. Adaptations of forests
to climate change: A multidisciplinary
review. [IUFRO Occasional Paper No.
21ISSN 1024-414X; 2008

[7] Williams SE. Biodiversity and
climate change in the tropical montane
rainforests of northern Australia.

In: Green RE, Hartley M, Miles L,
Scharlemann J, Watson A, Watts O,
editors. In: Global Climate Change and
Biodiversity. Norwich: Tyndall Center
for Climate Change Research; 2003

10

[8] Hughes L. Climate change and
Australia: Trends, projections
and impacts. Austral Ecology.
2003;28:423-443

[9] Lemmen DS, Warren FJ, editors.
Climate Change Impacts and
Adaptation. A Canadian Perspective:
Natural Resources Canada, Ottawa;
2004

[10] Gillett NP, Weaver AJ, Zwiers FW,
Flannigan MD. Detecting the effect
of climate change on Canadian

forest fires. Geophysical Research
Letters. 2004;31(18). DOI:
10.1029/2004GL020876

[11] Flannigan MD, Stocks B]J,
Wotten BM. Climate change and forest
fires. Science of the Total Environment.

2000;262:221-229

[12] Adetona O, Reinhardt TE,
Domitrovich J, Broyles G, Adetona AM,
Kleinman MT, et al. Review of

the health effects of wildland fire
smoke on wildland firefighters

and the public. Inhalation

Toxicology. 2016;28(3):95-139. DOI:
10.3109/08958378.2016.1145771

[13] McMahon CK, Tsoukalas SN.
Polynuclear aromatic hydrocarbons
in forest fire smoke. Carcinogenesis.

1978;3:61-73

[14] Siddoo-Atwal C. A New Approach to
Cancer Risk Assessment: An Overview.
LAP Lambert Academic Publishing,

OmniScriptum Publishing Group; 2017

[15] Tchounwou PB, Yedjou CG,

Patlolla AK, Sutton DJ. Heavy metal
toxicity and the environment.
Molecular, Clinical, and Environmental
Toxicology. 2012;101(Experientia
Supplementum):133-164

[16] Martin S, Griswold W. Human
health effects of heavy metals.



A Role for Heavy Metal Toxicity and Air Pollution in Respiratory Tract Cancers

DOI: http://dx.doi.org/10.5772/intechopen.90092

Environmental Science and Technology
Briefs for Citizens. 2009;15:1-6

[17] International Agency for Research
on Cancer (IARC). Overall evaluation
of carcinogenicity: An updating of
monographs. In: JARC Monographs on
the Evaluation of Carcinogenic Risks
to Humans. Supplement 7. Volumes
1-42. Lyons, France: IARC; 1987.

pp. 230-232

[18] Vijverberg HPM, Oortgiesen M,
Leinders T, van Kleef RGDM. Metal
interactions with voltage- and
receptor-activated ion channels.

Environmental Health Perspectives.
1994;102(3):153-158

[19] Goldstein G. Evidence that
lead acts as a calcium substitute

in second messenger metabolism.
Neurotoxicology. 1993;14:97-102

[20] Schanne FA, Long GJ, Rosen JF.
Lead induced rise in intracellular free
calcium is mediated through activation
of protein kinase C in osteoblastic bone
cells. Biochimica et Biophysica Acta.
1997;1360(3):247-254

[21] Simons T. Lead-calcium
interactions in cellular lead toxicity.
Neurotoxicology. 1993;14:77-86

[22] Duchen MR. Contributions of
mitochondria to animal physiology:
From homeostasis sensor to calcium
signalling and cell death. Journal of
Physiology. 1999;516 (1):1-17

[23] Hajnoczky G, Csordas G, Das S,
Garcia-Perez C, Saotome M, Sinha
Roy S, et al. Mitochondrial calcium
signalling and cell death: Approaches
for assessing the role of mitochondrial
calcium uptake in apoptosis. Cell
Calcium. 2006;40(5-6):553-560

[24] Martin KR. Targeting apoptosis
with dietary bioactive agents.
Experimental Biology and Medicine.
2006;231:117-129

11

[25] Sun S, Hail N, Lotan R. Apoptosis
as a novel target for cancer
chemoprevention. Journal of

the National Cancer Institute.
2004;96:662-678

[26] Hermes-Lima M, Pereira B,
Bechara EJ. Are free radicals involved

in lead poisoning? Xenobiotica.
1991;8:1085-1090

[27] Erguran-Ilhan I, Cadir B,
Koyuncu-Arslan M, Arslan C,
Gultepe FM, Ozkan G. Level

of oxidative stress and damage

in erythrocytes in apprentices
indirectly exposed to lead. Pediatrics
International. 2008;50(1):45-50

[28] Boffetta P, Fontana L, Stewart P,

et al. Occupational exposure to arsenic,
cadmium, chromium, lead and nickel,
and renal cell carcinoma: A case—control
study from Central and Eastern Europe.
Occupational and Environmental
Medicine. 2011;68:723-728

[29] Waalkes MP, Hiwan BA, Ward JM,
Devor DE, Goyer RA. Renal tubular
tumors and atypical hyperplasias in
B6C3F, mice exposed to lead acetate
during gestation and lactation occur
with minimal chronic nephropathy.
Cancer Research. 1995;55:5265-5271

[30] Goyer RA. Lead toxicity: Current
concerns. Environmental Health
Perspectives. 1993;100:177-187

[31] Yang JL, Wang LC, Chang CY,

Liu TY. Singlet oxygen is the major
species participating in the induction of
DNA strand breakage and 8-hydrocy-
deoxyguanosine adduct by lead

acetate. Environmental and Molecular
Mutagenesis. 1999;33:194-201

[32] Lin RH, Lee CH, Chen WK,

Lin-Shiau SY. Studies on cytotoxic
and genotoxic effects of cadmium
nitrate and lead nitrate in Chinese

hamster ovary cells. Environmental and
Molecular Mutagenesis. 1994;23:143-149



Heavy Metal Toxicity in Public Health

[33] Waalkes MP, Fox DA, States JC,
Patierno SR, McCabe M]J. Metals and
disorders of cell accumulation:
Modulation of apoptosis and cell

proliferation. Toxicological Sciences.
2000;56:255-261

[34] Waalkes MP, Rehm S.
Carcinogenicity of oral cadmium in
the male Wistar (WFNCr) rat: Effect
of chronic dietary zinc deficiency.
Fundamental and Applied Toxicology.
1992;19:512

[35] Waalkes MP, Berthan G, editors.
Handbook on Metal-Ligand Interactions
of Biological Fluids. Vol. 2. New York:
Marcel Dekker; 1995. pp. 471-482

[36] Waalkes MP, Misra RR, Chang LW,
editors. Toxicology of Metals. Boca
Raton, FL: CRC Press; 1996. pp. 231-244

[37] Johri N, Jacquillet G, Unwin R.
Heavy metal poisoning: The effects of
cadmium on the kidney. BioMetals.

2010;23(5):783-792

[38] Harvey RG. Polycyclic Aromatic
Hydrocarbons: Chemistry and
Carcinogenicity. Cambridge: Cambridge
University Press, The Pit Building; 1991

[39] Poster DL, Schantz MM, Sander LC,
Wise SA. Analysis of polycyclic aromatic
hydrocarbons (PAHs) in environmental
samples: A critical review of gas
chromatographic (GC) methods.
Analytical and Bioanalytical Chemistry.
2006;386(4):859-881

[40] Tang D, Santella RM,

Balckwood AM, Young TL, Mayer J,
Jaretzki A, et al. A molecular
epidemiological case-control study
of lung cancer. Cancer Epidemiology,
Biomarkers & Prevention.

1995;4(4):341-346
[41] Shamsuddin AKM, Sinopoli NT,

Hemminki K, Boesch RR, Harris CC.
Detection of benzo(a)pyrene: DNA

12

adducts in human white blood cells.
Cancer Research. 1985;45:66-68

[42] Li D, Firozi PF, Wang L-E,

Bosken CH, Spitz MR, Hong WK, et al.
Sensitivity to DNA damage induced by
benzo(a)pyrene diol epoxide and risk

of lung cancer: A case-control analysis.
Cancer Research. 2001;61(4):1445-1450

[43] Wei Q, Cheng L, Amos CI, Wang
L-E, Guo Z, Hong WK, et al. Repair

of tobacco carcinogen-induced DNA
adducts and lung cancer risk: A
molecular epidemiologic study. Journal
of the National Cancer Institute.
2000;92(21):1764-1772. DOI: 10.1093/
jnci/92.21.1764

[44] Wei Q, Gu]J, Cheng L, Bondy ML,
Jiang H, Hong WK, et al. Benzo(a)
pyrene diol epoxide-induced
chromosomal aberrations and risk

of lung cancer. Cancer Research.

1996;56(17):3975-3979

[45] Perera FP, Poirier MC, Yuspa SH,
Nakayama J, Jaretzki A, Curnen MM,
et al. A pilot project in molecular
cancer epidemiology: Determination
of benzo[a]pyrene—DNA adducts
in animal and human tissues by
immunoassays. Carcinogenesis.
1982;3(12):1405-1410. DOI: 10.1093/
carcin/3.12.1405

[46] Henry MC, Port CD, Bates RR,
Kaufman DG. Respiratory tract tumors

in hamsters induced by benzo(a)pyrene.
Cancer Research. 1973;33(7):1585-1592

[47] Schreiber H, Saccomanno G,

Martin DH, Brennan L. Sequential
cytological changes during development
of respiratory tract tumors induced

in hamsters by benzo(a)pyrene-

ferric oxide. Cancer Research.
1974;34(4):689-698

(48] Kasala ER, Bodduluru LN,
Barua CC, Sriram CS, Gogoi R.
Benzo(a)pyrene induced lung cancer:



A Role for Heavy Metal Toxicity and Air Pollution in Respiratory Tract Cancers

DOI: http://dx.doi.org/10.5772/intechopen.90092

Role of dietary phytochemicals in
chemoprevention. Pharmacological
Reports. 2015;67(5):996-1009. DOL:
10.1016/j.pharep.2015.03.004

[49] Selvendiran K, Banu SM,
Sakthisekaran D. Protective effect
of piperine on benzo(a)pyrene-
induced lung carcinogenesis in Swiss
albino mice. Clinica Chimica Acta.
2004;350(1-2):73-78. DOI: 10.1016/j.
ccen.2004.07.004

[50] Kamaraj S, Ramakrishnan G,
Anandakumar P, Jagan S, Devaki T.
Antioxidant and anticancer efficacy
of hesperidin in benzo(a)pyrene
induced lung carcinogenesis in
mice. Investigational New Drugs.
2009;27(3):214-222

[51] Nagahara A, Benjamin H,
Storkson J, Krewson ], Sheng K,

Liu W, et al. Inhibition of benzo[a]
pyrene-induced mouse forestomach
neoplasia by a principal flavor
component of Japanese-style
fermented soy sauce. Cancer
Research. 1992;52(7):1754-1756

[52] Lei W, Yu R, Mandlekar S, Kong
A-NT. Induction of apoptosis and
activation of interleukin 1f-converting
enzyme/Ced-3 protease (Caspase-3)
and c-Jun NH,-terminal kinase 1 by
benzo(a)pyrene. Cancer Research:
Biochemistry and Biophysics.
1998;58(10):2102-2106

[53] Ko C-B, Kim S-J, Park C, et al.
Benzo(a)pyrene-induced apoptotic
death of mouse hepatoma Hepalclc7
cells via activation of intrinsic caspase
cascade and mitochondrial dysfunction.
Toxicology. 1999;199(1):35-46. DOLI:
10.1016/j.tox.2004.01.039

[54] Jiang Y, Zhou X, Chen X, Yang G,
Wang Q, Rao K, et al. Benzo(a)pyrene-
induced mitochondrial dysfunction
and cell death in p53-null Hep3B cells.
Mutation Research. 2011;26(1):75-83

13

[55] Vineis P, Husgafvel-Pursiainen K.
Air pollution and cancer: Biomarker
studies in human populations.
Carcinogenesis. 2005;26(11):1846-1855.
DOI: 10.1093/carcin/bgi216

[56] Okona-Mensah KB, Battershill J,
Boobis A, Fielder R. An approach

to investigating the importance of
high potency polycyclic aromatic
hydrocarbons (PAHs) in the induction
of lung cancer by air pollution.

Food and Chemical Toxicology.
2005;43(7):1103-1116. DOI: 10.1016/j.
fct.2005.03.001

[57] Ruttkay-Nedecky B, Nejdl L,
Gumulrc ], Zitka O, Masarik M,
Eckschlager T, et al. The role of
metallothionein in oxidative stress.

International Journal of Molecular
Sciences. 2013;14(3):6044-6066

[58] Ketterer B, Harris JM, Talaska G,
Meyer D], Pemble SE, Taylor JB, et al.
The human glutathione S-transferase
supergene family, its polymorphism,
and its effects on susceptibility to
lung cancer. Environmental Health
Perspectives. 1992;98:87-94. DOL:
10.1289/ehp.929887

[59] Seagrave ], Tobey RA,

Hildebrand CE. Zinc effects on
glutathione metabolism relationship to
zinc-induced protection from alkylating

agents. Biochemical Pharmacology.
1983;32(20):3017-3021

[60] Siddoo-Atwal C. Chapter

17: Biological effects of uranium

and its decay products on soil
microbes, plants, and human. In:
Varma A, Tripathi S, Prasad R, editors.
Plant Microbe Interface. Cham,
Switzerland: Springer; 2019

[61] Mooney LA, Madsen AM,
Tang D, Orjuela MA, Tsai W-Y,
Garduno ER, et al. Antioxidant
vitamin supplementation reduces
benzo(a)pyrene-DNA adducts and



Heavy Metal Toxicity in Public Health

potential cancer risk in female smokers.
Cancer Epidemiology, Biomarkers &
Prevention. 2005;14(1):237-242

[62] Banerjee S, Manna S, Saha P,
Panda C, Das S. Black tea polyphenols
suppress cell proliferation and

induce apoptosis during benzo(a)
pyrene-induced lung carcinogenesis.

European Journal of Cancer Prevention.
2005;14(3):215-221

14



