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Preface

The development of cancer is a multistep process in which cells undergo metabolic and be‐
havioral changes, leading to continual unregulated proliferation of cancer cells. Substances
that promote carcinogenesis, the formation of cancer, are known as carcinogens. Carcino‐
gens may promote the formation of cancer due to their ability to damage the genome or
disruption of cellular metabolic processes. Substances can have different levels of cancer-
causing potential; therefore, the risk of developing cancer is dependent on several factors,
including individual genetic background and the amount and duration of the exposure.

Consisting of five chapters, this book will examine the impacts of exposure to numerous
known, probable, and possible carcinogens in regard to cancer and carcinogenesis. As sus‐
ceptibility to some of these substances can be notably prevalent in some instances, hopeful‐
ly, the topic-related review, research, and approaches presented within this book will enable
further research as well as development and implementation of beneficial approaches.

The first chapter will examine the concerns regarding exposure to heavy metals, due to the
evolving understanding of their role in the development of cancer. This chapter will high‐
light the research related to the impacts that heavy metals, such as aluminum, arsenic, beryl‐
lium, cadmium, lead, mercury, nickel, and radium, have on human health.

The second chapter will examine in detail a number of different aspects of renal cancer with
a focus on renal cell carcinomas. This chapter will also take a look at renal cancer from a
toxicological point of view along with an in-depth examination of renal carcinogens. This
chapter will also examine the different methods currently used to detect a compound’s car‐
cinogenic potential.

The third chapter will discuss a growing concern in modern-day society, the current situa‐
tion of air pollution, and exposure-related cancer risks. This chapter will provide a result-
based analysis by presenting the development of a portable environmental gas monitor for
rapidly monitoring air pollution, which is able to provide scientific data for environmental
pollution control.

The fourth chapter will entail relevant review, research, and findings over selected cancer-
causing chemicals and various aspects concerning cancer along with research over mecha‐
nisms of carcinogenesis, genotoxic classification, and risk factors associated with substance
exposure.

The fifth and final chapter will elaborate on some of the available literature related to two
lesser discussed etiologies of cancer, emotional and psychological stress and cell phones, if
any links exist between these, and related issues as per different sites of cancers.

Faik Atroshi, PhD, MSc, Lic, Doc
University of Helsinki, Finland
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Abstract

There has been increased concern surrounding exposure to heavy metals due to the evolv-
ing understanding of their role in the development of cancer. This review highlights
research related to the impact that heavy metals aluminum, arsenic, beryllium, cadmium,
lead, mercury, nickel and radium have on human health. Research was collected through
PubMed, and it was compiled to assess the current knowledge of exposure sources, types of
cancers induced and therapeutic measures for these metals. Furthermore, it was designed
to assist in guiding future research efforts with respect to heavy metals and cancer.

Keywords: heavy metals, carcinogenesis, exposure, treatment

1. Introduction

Exposure to heavy metals represents significant health concerns in the human population. 
These elements have the ability to induce a number of adverse health effects, but one of their 
more serious actions is their role in carcinogenesis. There exists a plethora of information on 
the research database, PubMed, regarding various exposure patterns and cancers induced 
by these heavy metals. However, this information has remained largely disconnected at this 
point, which necessitates the consolidation of this research. Our work reviews studies for 
how humans are exposed to heavy metals as well as what specific body systems are targeted.

2. Aluminum

Aluminum is a unique heavy metal with numerous pathways of exposure. Exposure to this ele-
ment has been documented in contaminated food, vaccines to elicit a more powerful immune
response and aluminum salts used in industrial processes and commercial products [1, 2].

© 2018 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.
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Specific commercial products containing aluminum salts include certain antacids and antiper-
spirant deodorants [1–3].

Aluminum exposure has been strongly correlated with carcinogenesis in the breast tissue. 
Mice subjected to AlCl3, the same aluminum salt used in antiperspirant deodorants, displayed 
malignant growth of mammary gland epithelial cells [1]. This same result was observed in 
studies performed on samples of human breast cells [1–3]. This heavy metal was also hypoth-
esized to have a role in the development of sarcomas [4]. Additionally, in one patient, it was 
proposed that the chronic exposure of aluminum containing heavy metal salts resulted in the 
development of an atypical neuroectodermal tumor [4].

There have been several determined mechanisms for the carcinogenic activity of aluminum. 
After exposing samples of human breast cells to this element, one study observed diminished 
concentrations of mRNA for the recognized tumor suppressor gene BRCA1 in addition to 
mRNA concentrations for other essential DNA maintenance genes [3]. Another study deter-
mined that subjecting human breast cells to aluminum had the potential to induce uncon-
trolled growth [2]. In this study, aluminum was observed to act as a metalloestrogen, which 
behaves as an agonist for estrogen receptors, and represents a known risk for carcinogenesis 
in the breast [2]. In another area of the body, analyzed samples of bladder carcinomas dis-
played statistically higher levels of aluminum, among other heavy metals [5]. Although a 
mechanism has not been established currently, this evidence suggests that this metal plays 
at least a supportive role in malignant growth in the bladder [5]. Standard therapy follow-
ing aluminum poisoning has been the use of chelators. Aluminum in the human body has 
been demonstrated to bioaccumulate in soft and skeletal tissues, which are target areas for 
the removal of aluminum [6]. The common chelator used therapeutically has been desfer-
rioxamine [6]. This chelator has proven effective in eliminating aluminum from the body; 
however, there are a number of toxic side effects associated with its use [6]. There have been 
several promising candidates to replace desferrioxamine, but none have proved to be as effec-
tive thus far [6]. The most successful method in limiting the toxic effects of aluminum is to 
reduce exposure to the metal. One potential solution for reducing public exposure is the use 
of reverse osmosis filtration. This technology has demonstrated the ability to remove signifi-
cant levels of aluminum from copper mining waste at the experimental stage [7].

3. Arsenic

Arsenic is a cytotoxic element, and exposure to this metal presents serious risks to human 
health. Contact with arsenic generally results from ingesting contaminated food and water, 
occupational exposure and environmental pollution [8–11] Common occupations where arse-
nic exposure is common include smelting and arsenic based pesticide industries [12]. One 
noted source of environmental exposure to this heavy metal is contact with contaminated soil, 
which has the potential to enter the human food chain [13].

This heavy metal has been detected in an extensive variety of malignant growths. Research 
strongly supports role of arsenic in the development of lung, bladder and skin cancer [8, 11, 12]. 
Another study determined a strong positive association between exposure and mortality rates 
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of cancers including colon, gastric, kidney, lung and nasopharyngeal [13]. Epidemiological 
studies have also suggested an association between chronic low-level exposure to arsenic and 
development of pancreatic cancer and non-Hodgkin’s lymphoma [14, 15].

Well-documented carcinogenic mechanisms for this heavy metal include generation of reac-
tive oxygen species (ROS), epigenetic alterations and damage to the dynamic DNA main-
tenance system [8, 9, 12]. Key epigenetic changes induced by arsenic include alterations to 
the status of DNA methylation, histones, and miRNA, which are all changes that have the 
potential to cause malignant growth [9, 12]. Another study found that this toxic metal could 
induce inappropriate growth cycles for macrophages in addition to lung epithelial cells 
[16]. Furthermore, it was observed that macrophages exposed to ROS generated by arsenic 
responded by activating through the M2 phase, which is correlated with potential lung carci-
nogenesis [16]. Arsenic displayed a specific mechanism of action against human lung epithe-
lial cells. This heavy metal was determined to alter the expression of the p53 protein, which 
resulted in decreased expression of p21, one downstream target [17]. The observed inappro-
priate proliferation was attributed to this mechanism [17]. Further examination of arsenic 
revealed its ability to reduce intracellular concentrations of glutathione, a natural antioxi-
dant [18]. This carries the potential for carcinogenic activity by subjecting the cell to oxidative 
stress [18]. An additional carcinogenic mechanism proposed for this heavy metal lies in its 
ability to influence base excision repair [19]. The enzyme DNA polymerase beta was involved 
with this repair system, and arsenic was observed to inhibit its activity at high concentrations 
[19]. Another novel pathway for tumorigenic activity was discovered in human bladder cells. 
This study determined that chronic arsenic exposure had the potential to induce morphol-
ogy changes and alter gene expression for proteins that regulate proliferation [20]. The use 
of chelators has remained the most effective way to eliminate arsenic from the body. Rac-
2,3-dimercaptopropanol, or British anti-lewisite, contains two thiol functional groups, and 
it is one prominent chelator for this metal [21]. Although lacking clinical data at this point, 
2,3-dimercaptopropane-1-sulphonate was used in one individual with acute arsenic poison-
ing [22]. This therapy resulted in successful treatment with limited side effects, which sug-
gests the importance of future study [22]. Following arsenic exposure, dietary antioxidants 
have been recommended to mitigate carcinogenic effects of this metal, such as oxidative stress 
[23]. Developing novel prevention methods is essential for limiting human exposure. Rice and 
apple juice have been recognized as two common sources of exposure [24]. Safety standards 
of 5 μg/L of arsenic have been recommended for apple juice, due to its extensive ingestion by 
children [24]. Current research to limit its presence in rice includes genetic modifications to 
inhibit arsenic uptake, and the use of microbes that compete for arsenic in the environment 
[24]. It has also been observed that the use of sprinkler irrigation has the potential to signifi-
cantly reduce the concentration of arsenic in rice by inducing its precipitation [24, 25].

4. Beryllium

Beryllium is a heavy metal that has uses in industrial processes and technology production. 
The primary environmental contamination source for this element is thought to be power 
plants, which leech beryllium in the form of dust [26, 27]. Due to inhalation being the 
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 general method of  exposure for this contaminant, current research is investigating its role in 
lung carcinogenesis [27–29]. There are mixed reviews supporting the extent of the role for 
beryllium in lung cancer, but recent research has determined a more significant correlation 
between the two [28–30]. Furthermore, an increased risk of lung cancer was observed in indi-
viduals exposed to exceptionally high concentrations of beryllium, which suggests that this 
element does induce some carcinogenic mechanism [29]. The use of beryllium in the dental 
industry creates additional occupational risk for exposure [29]. It was determined that the 
use of protective equipment significantly reduced the level of exposure in individuals [31]. 
Additionally, elevated concentrations of beryllium were detected in patients with stage III 
breast cancer [32]. However, beryllium was one of several heavy metals detected, so a defined 
role has not been identified at this point [32]. Exposure to beryllium is also recognized as a 
risk for the potential development of osteosarcomas [33].

Currently, there has not been much research relevant to beryllium’s carcinogenic mechanisms. 
Most literature that exists now is related to action against the lungs. For instance, one potentially 
carcinogenic mechanism identified was its role in inducing a higher level of tumor necrosis fac-
tor alpha (TNF-α) cytokine secretion from CD4+ T-cells in the lungs [30, 34]. Both of these pro-
teins have a role in the inflammation process, and their elevated presence was suspected to have 
action in chronic inflammation [30, 34]. Beryllium also has the potential to induce inappropriate 
genetic changes. For instance, this heavy metal was observed to methylate the p16 gene, a known 
tumor suppressor gene, and induce its inactivation [30]. Chelators are common forms of ther-
apy used to eliminate beryllium from the body and reduce its toxic effects. Relevant chelators 
include 4,-dihydroxy-1,3-benzene disulphonic acid disodium salt (Tiron) and D-penicillamine 
(DPA), which proved to be effective when tested in animals [35–37]. Also, the chelator meso-
2,3-dimercaptosuccinic acid (DMSA) was used in a case study to successfully save a child suf-
fering from heavy metal poisoning [38]. This result suggested potential clinical significance and 
requires further investigation [38]. There have been significant efforts to reduce exposure to this 
metal, especially occupational exposure [39, 40]. These efforts include company programs insti-
tuted to screen blood samples for beryllium sensitization during employment as well as provid-
ing refined ventilation and dust control to processes where exposure is common [40]. Attention 
was also given to educating employees about the importance of using protective equipment, and 
illuminating the potential risks involved with chronic beryllium exposure [39, 40].

5. Cadmium

Cadmium is an immensely toxic heavy metal, and it is associated with significant health 
implications as an environmental contaminant. Cadmium contamination generally results 
from emissions from industries that utilize this element including mining, metal research, 
development of certain batteries and preventing precipitation in pigments [41]. Soil pollu-
tion is a serious issue from cadmium emissions, and human exposure typically occurs from 
inhalation, smoking and ingesting contaminated food and water [41, 42]. Another source of 
environmental contamination is landfills, which have been observed to contain levels of cad-
mium exceeding safety standards in certain cases [43]. Additionally, ingesting this metal from 
contaminated food has been noted as a typical source of exposure [14, 44].
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Exposure to cadmium has been associated with carcinogenesis in multiple tissues includ-
ing breast, esophagus, stomach, intestines, prostate, lungs and testes [41, 45, 46]. Cadmium 
also has a proposed role in the development of cancer in the gallbladder. The composition 
of gallstones, which are recognized as a risk factor for carcinogenesis, were analyzed from 
patients with this type of cancer [47]. Statistically higher concentrations of cadmium, along 
with other heavy metals, were observed [47]. Although a causal link involving cadmium 
was not observed, it does suggest a potential role in malignant growth of the bladder [47]. 
Cadmium has also demonstrated carcinogenic activity on liver cells in a laboratory setting 
[44]. Additionally, increased concentrations of cadmium were detected in patients with 
malignant gliomas, suggesting a potential role of carcinogenesis in the brain [48]. Another 
organ where cadmium is suggested to exert carcinogenic influence is the pancreas [15, 49]. 
This metal also has a suspected association with the development of chronic myeloid and 
lymphoblastic leukemia. It was determined that, when compared to controls, patients with 
these forms of leukemia displayed significantly elevated concentrations of cadmium and 
lower levels of magnesium in blood and serum samples [50]. Further work with this metal 
determined that increased concentration of cadmium in urine was strongly correlated with 
risk of developing gastrointestinal cancer [51].

Similar to other heavy metals, carcinogenic mechanisms associated with cadmium include 
generation of ROS, epigenetic alterations, inhibiting DNA repair processes and apoptosis 
[41, 46, 52, 53]. It has been demonstrated that both chronic and acute cadmium exposure 
has the ability to induce changes in gene regulation, which generates an increased risk 
for malignant growth [44]. Key proteins that displayed upregulated expression include 
DNAJB9, a protein involved in regulating cell destruction, and metallothioneins [44]. 
Important regulatory proteins also displayed downregulated expression, such as EGR-
1, a protein involved in regulating transcription [44]. There are not currently any stan-
dard therapeutic measures for the treatment of cadmium poisoning [54]. However, there 
is ongoing research to develop compounds that reduce the toxic effects of this metal. For 
example there has been research to develop unique peptoid ligands with selective affin-
ity for cadmium [54]. It has also been determined that flavonoids, compounds present in 
most plants, have antioxidant properties and can chelate cadmium atoms [55]. Further 
study is recommended to determine how the structure of flavonoids relates to its action on 
cadmium [55]. There is also investigation into the use of stem cells as a therapeutic mea-
sure for cadmium induced damage. For one study, rat testes were subjected to damaging 
levels of cadmium [56]. Upon treatment with bone marrow mesenchymal stem cells, it was 
observed that the rat testes displayed more appropriate levels of proteins related to apop-
tosis regulation [56]. Additionally, these cells were determined to restore damaged testes 
tissue, and it was suggested that a possible mechanism is associated with mitochondrial 
apoptosis [56].

6. Lead

Lead is a toxic heavy metal and exposure constitutes significant risks to health. One common 
source of environmental pollution has been found in the soil, which can enter the human food 
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cycle through contaminated produce [57–59]. Despite being banned from use in commercially 
available gasoline in 1995, lead is still added to aviation fuel [59]. This source of environmen-
tal pollution has been determined to contribute high emission levels of lead [59]. It was also 
determined that smokers contained elevated levels of blood lead, representing an additional 
source of environmental exposure [60]. Certain occupations also play a role in lead exposure, 
such as mining [57].

Various epidemiological studies have been performed to determine if increased lead exposure 
is associated with any forms of cancer. Additionally, current research has indicated at this 
point that lead may not have a causal role in cancer, but it may play a more supportive role 
[61]. Along with cadmium, lead was detected in significantly higher concentrations in glioma 
patients, suggesting these two metals combined may produce excessively toxic effects [48]. 
One study has determined strong correlation between lead exposure and the development 
of kidney cancer [58]. Another study concluded that patients with higher levels of blood lead 
had an increased risk of developing renal cell carcinoma [60]. Lead was one of several heavy 
metals observed in statistically higher concentrations in gallstones [47]. This suggests expo-
sure to this metal represents an increased risk of malignant growth in the gallbladder [47]. 
In a study performed on lead exposed workers, positive correlation was observed between 
exposure to this heavy metal and increased risk of carcinogenesis in lung tissue and marginal 
positive correlation for malignant growth in brain, larynx and bladder tissues [62]. Along 
with several additional heavy metals, lead was reportedly detected in elevated levels in indi-
viduals with exocrine pancreatic cancer, suggesting an unknown mechanism in the develop-
ment of this cancer [15].

Current literature has not displayed a comprehensive understanding of carcinogenic mecha-
nisms of lead; however, plausible mechanisms have been proposed. Based on the present 
understanding of lead, it was hypothesized to support the carcinogenic process by disrupt-
ing cellular tumor regulation genes, the DNA repair system and inducing DNA damage [63]. 
In a study performed on mice, there was evidence to support lead’s role in generating ROS 
and altering chromosomal structure and sequence [63]. It was also determined that lead had 
the potential to disrupt the transcription process by replacing zinc in certain proteins that 
regulate this system [63]. In an epidemiological study, it was determined that elevated levels 
of serum calcium were correlated with lower risk of developing renal cell carcinoma, which 
suggested the need for a clinical trial to determine significance [60]. Chelation therapy is the 
recommended course of action for individuals with lead poisoning [64]. Common chelators 
for reducing levels of lead in the body include British, Anti-Lewisite, calcium disodium eth-
ylenediaminetetraacetic acid, D-penicillamine and Meso-2,3-dimercaptosuccinic acid, and 
use of a specific chelator depends on the situation of the individual [64]. There has also 
been research into the effectiveness of less toxic therapies. For instance, when garlic was 
administered in a clinical setting, it was found to reduce blood lead levels in non-severe lead 
poisoning and alleviate symptoms [64]. The most effective strategy for keeping blood con-
centration of lead low is prevention of exposure [58]. This includes ensuring that industries 
that generate significant levels of lead emissions and employees follow safety guidelines for 
limiting exposure [64]. It has also been suggested that identification of lead contamination 
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sources, followed by removal or avoidance, constitutes the ideal solution to reduce exposure 
to this heavy metal [64].

7. Mercury

Mercury is another toxic heavy metal with the potential for serious health complications. 
Although this element can be found in trace amounts in mineral form, most present in the 
environment is due to human induced pollution from processed mercury [65]. Mercury has 
a wide range of uses that result in occupational and environmental contamination. Several 
sources of this heavy metal have been identified as thermometers, fossil fuel emissions, den-
tal fillings, certain batteries and burning medical waste [65, 66]. Mercury compounds have 
the potential to be vaporized and enter the atmosphere or leech into soil or water systems 
[65, 67]. Consuming large quantities of seafood has been identified as a primary method for 
environmental exposure to methyl mercury [65]. Although the pathway through which mer-
cury enters the ecosystem has not been discovered, bioaccumulation of this heavy metal has 
been observed in shellfish and tuna [65, 68, 69].

Although a causal role has not been established at this time, it has been proposed that mer-
cury exposure may be associated with renal cancer due to this organ being a target for this ele-
ment [65]. Another study observed that increased mercury exposure has been correlated with 
liver cancer, and it also has the carcinogenic potential to induce gastric cancer [70]. Mercury 
was another heavy metal detected in gallstones in statistically higher concentrations from 
patients with gallbladder cancer [47]. A causal association was not observed with this metal, 
but a role in carcinogenic development was hypothesized [47].

Comparable to most of the other heavy metals discussed in this study, mercury has the 
potential to induce malignant growth through several specific mechanisms. These include 
the ability to generate free radicals as well as disrupt DNA molecular structure and the 
maintenance system [66]. However, there have been several proposed carcinogenic mecha-
nisms of mercury that are either unique to this metal or not observed in most heavy met-
als. One mechanism that enhances the carcinogenicity of mercury is its role in reducing 
the body’s concentration of glutathione, a natural antioxidant [71]. This could potentially 
contribute to increasing susceptibility of essential cellular components to oxidative stress. 
Oxidative stress on cells has been shown to elevate rates of lipid peroxidation, another mech-
anism associated with carcinogenesis [65]. It has also been proposed that mercury can affect 
the microtubules in cells, which, among other processes, can disrupt cellular division [66]. 
The use of chelators is the common therapeutic strategy for eliminating mercury from the 
body. It has been determined that the two most effective chelators in a clinical setting are 
dimercaptosuccinic acid (DMSA) and dimercaptopropane sulfonate (DMPS) [72, 73]. There 
has also been research to investigate untested chelators for their effectiveness against mer-
cury. For instance, deferasirox and deferiprone were combined and tested on rats [74]. It was 
observed that this combination was able to successfully chelate mercury and reduced toxic 
effects of mercury [74]. One unique experimental chelator was thiol-modified nanoporous 
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In a study performed on mice, there was evidence to support lead’s role in generating ROS 
and altering chromosomal structure and sequence [63]. It was also determined that lead had 
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use of a specific chelator depends on the situation of the individual [64]. There has also 
been research into the effectiveness of less toxic therapies. For instance, when garlic was 
administered in a clinical setting, it was found to reduce blood lead levels in non-severe lead 
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Although this element can be found in trace amounts in mineral form, most present in the 
environment is due to human induced pollution from processed mercury [65]. Mercury has 
a wide range of uses that result in occupational and environmental contamination. Several 
sources of this heavy metal have been identified as thermometers, fossil fuel emissions, den-
tal fillings, certain batteries and burning medical waste [65, 66]. Mercury compounds have 
the potential to be vaporized and enter the atmosphere or leech into soil or water systems 
[65, 67]. Consuming large quantities of seafood has been identified as a primary method for 
environmental exposure to methyl mercury [65]. Although the pathway through which mer-
cury enters the ecosystem has not been discovered, bioaccumulation of this heavy metal has 
been observed in shellfish and tuna [65, 68, 69].

Although a causal role has not been established at this time, it has been proposed that mer-
cury exposure may be associated with renal cancer due to this organ being a target for this ele-
ment [65]. Another study observed that increased mercury exposure has been correlated with 
liver cancer, and it also has the carcinogenic potential to induce gastric cancer [70]. Mercury 
was another heavy metal detected in gallstones in statistically higher concentrations from 
patients with gallbladder cancer [47]. A causal association was not observed with this metal, 
but a role in carcinogenic development was hypothesized [47].

Comparable to most of the other heavy metals discussed in this study, mercury has the 
potential to induce malignant growth through several specific mechanisms. These include 
the ability to generate free radicals as well as disrupt DNA molecular structure and the 
maintenance system [66]. However, there have been several proposed carcinogenic mecha-
nisms of mercury that are either unique to this metal or not observed in most heavy met-
als. One mechanism that enhances the carcinogenicity of mercury is its role in reducing 
the body’s concentration of glutathione, a natural antioxidant [71]. This could potentially 
contribute to increasing susceptibility of essential cellular components to oxidative stress. 
Oxidative stress on cells has been shown to elevate rates of lipid peroxidation, another mech-
anism associated with carcinogenesis [65]. It has also been proposed that mercury can affect 
the microtubules in cells, which, among other processes, can disrupt cellular division [66]. 
The use of chelators is the common therapeutic strategy for eliminating mercury from the 
body. It has been determined that the two most effective chelators in a clinical setting are 
dimercaptosuccinic acid (DMSA) and dimercaptopropane sulfonate (DMPS) [72, 73]. There 
has also been research to investigate untested chelators for their effectiveness against mer-
cury. For instance, deferasirox and deferiprone were combined and tested on rats [74]. It was 
observed that this combination was able to successfully chelate mercury and reduced toxic 
effects of mercury [74]. One unique experimental chelator was thiol-modified nanoporous 
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silica material [75]. Following animal testing, it was observed that this material displayed 
tremendous potential for eliminating mercury, along with several other heavy metals, with 
marginal toxicity [75].

8. Nickel

Nickel, a heavy metal present in Earth’s core, has garnered research attention due to increased 
understanding of carcinogenic properties. This metal can produce toxic effects upon exposure 
in an environmental or occupational setting. Several industries involving potential occupa-
tional exposure to nickel include mining, metal alloys and the refinement of nickel [76–78]. 
Pollution of this heavy metal can enter the environment and bioaccumulate in organisms that 
enter the human food chain, such as fish [79]. Contaminated soil represents another method 
of contacting this toxic metal [76]. Emissions from oil refineries have also been established as 
a significant source of nickel pollution, creating risk for environmental exposure to residents 
in close proximity [80].

There are a variety of cancers that have been associated with nickel exposure. Epidemiological 
studies have revealed a significant correlation between exposure and the incidence of carcino-
genesis in lung, nasal and sinus tissues [13, 77, 81, 82]. In another study, high levels of serum 
nickel were determined to be statistically significant in patients with breast cancer, suggest-
ing that exposure has potentially carcinogenic consequences [83]. Exposure to this heavy 
metal has also been associated with the development of acute myeloid and lymphoblastic 
leukemia. It was determined that urine contained higher levels of nickel and 8-hydroxy-2′-
deoxyguanosine in children with this leukemia [84]. These results suggested a role of nickel 
in acute leukemia by inducing oxidative damage as a mechanism of action [84]. Research has 
also revealed the presence of elevated nickel concentrations in individuals with exocrine pan-
creatic cancer [15]. Although there were other heavy metals present, these findings suggest 
carcinogenic action from nickel [15]. Another study proposed a link between chronic allergic 
stimulation from several heavy metals, including nickel, and the development of cutaneous 
T-cell lymphoma [85]. Furthermore, significant correlation was observed between exposure 
and mortality rates of liver cancer [13].

Nickel has an extensive range of carcinogenic mechanisms. One such mechanism involves 
its role in affecting the expression of specific long noncoding RNAs. It has been determined 
that nickel possesses the ability to induce the downregulation of maternally expressed gene 
3 (MEG3) through the methylation of its related promoter [81]. This process was shown to 
inhibit expression of PHLPP1 and upregulate hypoxia-inducible factor-1α, two proteins rec-
ognized for their role in carcinogenesis [81]. It has also been demonstrated that nickel can gen-
erate free radicals, which contributes to the carcinogenic process [86]. Exposure to this heavy 
metal also has the ability to alter the regulation status for the transcription of various mRNAs 
and microRNAs [78]. The expression of these transcripts has roles in immunity as well as 
inflammation, which both have proposed roles in the development of malignant growth [78]. 
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The role of nickel in chronic inflammation was investigated in animals and  samples of human 
cells. It was concluded that exposure elevated expression of proteins SQSTM1 and TNF, 
which have roles in maintaining levels of inflammation, and induced carcinogenesis [82]. Like 
other heavy metals, nickel has the potential to induce epigenetic changes such as alterations 
in DNA methylation. For instance, it was observed that nickel ions (Ni2+) had the potential 
to induce the tri-methylation of histone H3K4 [87]. This process has been correlated with 
inappropriate transcriptional activation, which suggests another carcinogenic mechanism for 
nickel [87]. Compared to other heavy metals, the use of chelators involving nickel has been 
markedly different. Sodium diethyldithiocarbamate has proven to be an effective chelator in 
response to nickel carbonyl, but a chelator associated with nickel cancer has not been recom-
mended at this point [88]. Despite this fact, there has been research into the use of chelators 
to remove nickel from the environment. For instance, it was observed that ethylene diamine 
tetraacetic acid (EDTA) induces the uptake of nickel from contaminated soil in Arundo donax 
L. [89]. This carries tremendous potential for use in areas where nickel is present in dangerous 
concentrations. It was also determined that CaNa(2) EDTA reverses the damage induced by 
nickel chloride as well as eliminate the metal from Cirrhinus mrigala [90].

9. Radium

Radium is a radioactive heavy metal that can negatively impact health. This ionizing radia-
tion results from radium decaying into toxic radon gas [91]. Occupational and environ-
mental presence of radium generates opportunities for exposure to ionizing radiation. Coal 
mining has been noted as one of the most relevant occupations with risk for exposure [92]. 
Wastewater drained from mines also carries potential for environmental radium contamina-
tion [92]. Radium presents further occupational hazards from exposure sources that include 
soil, building materials and water systems [93]. A study performed in Italy suggested radon 
gas tends to concentrate in confined spaces of buildings, such as basements or storage areas 
[91]. Due to radon’s ability to bind to cigarette smoke, it was observed that this act increased 
the accumulation of radon inside buildings [93]. This suggests that smoking increases radi-
um’s impact as an environmental contaminant.

Radium is a known carcinogen that is associated with several cancers. Since a primary method 
of exposure to radon gas has been identified as inhalation, radium has been strongly corre-
lated with the development of lung cancer [91]. Due to the radioactive nature of this metal, 
chelators are generally not necessary. Nevertheless, it has been determined to have several 
unique uses. For example, radium has been used as a therapy for patients with ankylosing 
spondylitis. However, injection of this metal was determined to be associated with increased 
risk of various forms of leukemia [94]. Injection of mice with radium was determined to cause 
the generation of osteosarcomas [94]. In another particular case, it was proposed that a patient 
developed a cutaneous squamous cell carcinoma in response to treatment with radium-223 
that extravasated [95]. This study suggested that patients with extravasated radioactive sub-
stances require the oversight of a dermatologist [95].
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9. Radium

Radium is a radioactive heavy metal that can negatively impact health. This ionizing radia-
tion results from radium decaying into toxic radon gas [91]. Occupational and environ-
mental presence of radium generates opportunities for exposure to ionizing radiation. Coal 
mining has been noted as one of the most relevant occupations with risk for exposure [92]. 
Wastewater drained from mines also carries potential for environmental radium contamina-
tion [92]. Radium presents further occupational hazards from exposure sources that include 
soil, building materials and water systems [93]. A study performed in Italy suggested radon 
gas tends to concentrate in confined spaces of buildings, such as basements or storage areas 
[91]. Due to radon’s ability to bind to cigarette smoke, it was observed that this act increased 
the accumulation of radon inside buildings [93]. This suggests that smoking increases radi-
um’s impact as an environmental contaminant.

Radium is a known carcinogen that is associated with several cancers. Since a primary method 
of exposure to radon gas has been identified as inhalation, radium has been strongly corre-
lated with the development of lung cancer [91]. Due to the radioactive nature of this metal, 
chelators are generally not necessary. Nevertheless, it has been determined to have several 
unique uses. For example, radium has been used as a therapy for patients with ankylosing 
spondylitis. However, injection of this metal was determined to be associated with increased 
risk of various forms of leukemia [94]. Injection of mice with radium was determined to cause 
the generation of osteosarcomas [94]. In another particular case, it was proposed that a patient 
developed a cutaneous squamous cell carcinoma in response to treatment with radium-223 
that extravasated [95]. This study suggested that patients with extravasated radioactive sub-
stances require the oversight of a dermatologist [95].
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10. Conclusion

Heavy metals exhibit an immense range of toxic effects in humans with regard to carcino-
genesis. The research available at this point has illuminated several areas of emphasis for 
future work. It is clear that a refined understanding of carcinogenic mechanisms is necessary. 
This could help generate personalized therapeutic or prevention measures for specific heavy 
metals. Continued consolidation of information is another essential factor moving forward. 
Effective educational programs are also needed in high-risk areas to raise awareness of the 
risks associated with exposure to heavy metals.
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nomas their causes and the different treatment options currently available. This chapter 
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1. Renal cancer

In 2016 alone there was a reported 62,700 cases of cancer involving the kidney and the renal 
pelvis worldwide [1]. Renal cell carcinoma (RCC) is the most common form of kidney cancer 
and makes up approximately 90–95% of all kidney cancers [2]. The incidence of RCC has been 
found to be higher in developed countries and is also more common amongst men, the exact 
reasons for this are currently unknown [3]. Five year survival rates for stage I RCC is 80–90%, 
for stage II it is 80%, for stage III it is approximately 60% and stage IV survival is estimated at 
just 10%. RCCs can be categorised into a number of subgroups; clear cell RCC (ccRCC), papil-
lary RCC and chromophobe RCC [4].
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In 2016 alone there was a reported 62,700 cases of cancer involving the kidney and the renal 
pelvis worldwide [1]. Renal cell carcinoma (RCC) is the most common form of kidney cancer 
and makes up approximately 90–95% of all kidney cancers [2]. The incidence of RCC has been 
found to be higher in developed countries and is also more common amongst men, the exact 
reasons for this are currently unknown [3]. Five year survival rates for stage I RCC is 80–90%, 
for stage II it is 80%, for stage III it is approximately 60% and stage IV survival is estimated at 
just 10%. RCCs can be categorised into a number of subgroups; clear cell RCC (ccRCC), papil-
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Clear cell RCC (ccRCC) aptly named due to its clear cytoplasm. This clear cytoplasm is caused 
by its high glycogen and lipid content in the cytosol. ccRCC is the most common form of RCC, 
making up 70% of all kidney cancer cases [5]. ccRCC are thought to arise from proximal tubu-
lar epithelial cells and have a worse prognosis than papillary or chromophobe carcinoma [6, 
7]. Approximately 95% of ccRCC are sporadic with the remaining 5% having a familial link 
[7]. Von Hippel–Lindau (VHL) disease is a hereditary condition that is heavily implicated in 
the development of familial ccRCC [8]. Mutations in the VHL are implicated in virtually all 
cases of familial ccRCC and approximately 57% of sporadic ccRCC [9]. Mutations in VHL also 
lead to the activation of hypoxia-inducible factor-1α (HIF1A) and hypoxia inducible factor-2α 
(HIF2A). Activation of these HIF related pathways leads to the activation of genes involved in 
angiogenesis and vascular endothelial growth [6]. The second most commonly mutated gene 
in ccRCC is polybromo 1 (PBRM1). Mutations in this gene are found in 45% of all ccRCC, its 
exact role in the development of tumour growth is not well understood, however it is thought 
that PBRM1s role is in controlling cell proliferation [10]. Components of the PI3K/AKT path-
way are also believed to be implicated in ccRCC. In a study of a ccRCC database of 20 PI3K/
AKT pathway panel components were assessed, 27% of the components were found to have 
genetic alterations related to PI3K/AKT pathway [11].

2. Other renal carcinomas

Similar to ccRCC papillary renal carcinomas are thought to arise from the epithelial cells in the 
proximal tubule [6]. Two hereditary conditions are linked with the development of papillary 
renal carcinomas, these conditions involve mutations in the MET proto-oncogene and fumarate 
hydrate genes, respectively [4]. However, this form of renal carcinomas is not well understood.

Chromophobe RCC (chRCC) makes up about 5% of all renal cancers [7]. chRCC is usually 
found in stage I or II and the tumour usually presents itself as a highly lobulated large mass, 
with a median tumour size of 6 cm [12]. The exact genetic alterations in chRCC are not well 
understood, however loss of entire chromosome 2, 10, 13, 17 and 21 occurs in almost all cases of 
chRCC. It is the least aggressive of all RCCs and for this reason has a low malignancy potential 
with a 10 year survival rate estimated at 80–90% [13]. Tumour development can also occur in 
the collecting duct of the kidney. This is a rare form of renal cancer that usually presents itself 
at an advanced stage and is believed to arise from the epithelial cells in the collecting duct [14].

3. Treatment

Fifty percent of all renal cancers are diagnosed when an ultrasound is carried out for symptoms 
including abdominal pain, hypertension, weight loss and elevated CRP, due to this difficulty 
in diagnosing renal cancer about 25% of patients present with cancer that has metastasized 
[15]. Surgery is commonly used in the treatment of renal cancer, depending on the severity 
of the disease the nephrectomy can be partial or radical. Radical nephrectomy involves the 
removal of the entire kidney, the adrenal gland and possibly the regionally located lymph 
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nodes [16]. Although it is seen as an effective treatment of renal cancer, its use is associated 
with development of chronic kidney disease (CKD) and other cardiovascular related diseases 
[17]. Partial nephrectomy (also called nephron-sparing surgery) is also used, however this 
technique is underused due to the technical difficulties involved in removing only a part of 
the kidney where the tumour is localised. Partial nephrectomy has a 5 year survival rate of 
87–90% [2]. Renal cell carcinomas are highly resistant to chemotherapeutic agents, for this 
reason the currently available drugs involve targeted therapies, including cytokines, mTOR 
inhibitors and targeting the vascular endothelial growth factor (VEGF) pathway [4]. A number 
of different cytokine related therapies are available such as interleukin 2 (IL-2) and interferon 
alpha (IFN-alpha), although these options have anti-cancer ability they are found not to be 
effective in cases where the tumour has metastasized [18]. The development of RCC is closely 
linked to a number of different components involved in angiogenesis, for this reason anti-
angiogenic therapies have been developed targeting in particular the VEGF pathway, these 
include bevacizumab, sorafenib and sunitinib. These treatments have replaced interleukin 
related immunotherapies as a first line treatment following the partial or radical nephrectomy 
[19]. The mTOR pathway is involved in cell survival and its dysregulation has been shown to 
be heavily implicated in a number of forms of cancer [20]. Temsirolimus and everolimus, both 
mTOR inhibitors have been approved by the FDA for treatment of RCC, temsirolimus is con-
sidered the first line of treatment for metastatic RCC where the prognosis is poor, everolimus 
is used where the disease has progressed during treatment with VEGF targeted treatment [21].

4. Carcinogens

In the international agency for research on cancer (IARC) review of human carcinogens, they 
describe ‘the term carcinogenic risk…is taken to mean that an agent is capable of causing 
cancer’ [22]. Carcinogens are capable of inducing the process of carcinogenesis by variety of 
different mechanisms, these include by genotoxic (directly interacting with DNA) and non-
genotoxic (indirectly lead to DNA instability) mechanisms. Carcinogenic factors have been 
grouped into these different categories; primary and secondary determining factor and favour-
ing factors. Primary determining factors can be defined as a compound or chemical which is 
capable of inducing cancer by acting on a molecular level. Secondary determining factors are 
caused by hereditary factors where there is a genetic mutation with a familial link that ulti-
mately results in cancer formation. Lastly, favouring factors are ones that may increase the 
possibility of tumorigenesis, these include diet, gender, age and possibly geographical loca-
tion [23]. As well as carcinogens, there are also compounds called co-carcinogens that do not 
cause cancer by themselves but may increase the carcinogenic ability of other carcinogens [24].

5. Genotoxic vs. non-genotoxic carcinogens

Carcinogens can be classified by their mechanism of carcinogenicity. These categories include 
genotoxic and non-genotoxic carcinogens (Figure 1). In general, genotoxic carcinogens function  
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by directly interfering with the patients DNA, this causes the formation of covalent bonds 
and eventually leads to the development of DNA adducts, while non-genotoxic carcinogens 
do not directly interact with DNA but act in a carcinogenic fashion through other mecha-
nisms. Genotoxic carcinogens are believed to induce DNA damage by the formation of a 
cross-linking bond between two helices, the removal of DNA bases and the cleavage of DNA 
strands, all contributing to the alteration of DNA [25]. In general, this DNA damage would 
be repaired, however if DNA replication occurs before the damage is fixed the mutation may 
result in cancer development. As all cancers have alterations in DNA expression, non-geno-
toxic carcinogens are capable of inducing this genetic instability by an indirect manipulation 
of the natural regulation of DNA expression. In general non-genotoxic carcinogens appear to 
be more specific than genotoxic carcinogens in their carcinogenic ability, where they are often 
only capable of inducing cancer in one species, in one organ and sometimes in one sex [26]. 
Although the mechanisms of non-genotoxic carcinogenicity are less well understood than 
their genotoxic counterparts, attempts have been made to classify the main mechanisms of 
non-genotoxic carcinogenicity, these have included receptor activation, CYP450 induction, 
stimulation of oxidative stress, chronic cell injury, immunosuppression and interference with 
intercellular communication [26, 27].

6. Genotoxic carcinogens

Examples of genotoxic renal carcinogens are potassium bromate, 2-nitroflourene, benzo- 
A-pyrene, aristolochic acid and streptozotocin (Figure 2). Potassium bromate is a white crystal 
powder that is listed by the IARC as a group 2B carcinogen. Before its toxicity was established 
potassium bromate was widely utilised in the food industry, typically used to strengthen 

Figure 1. Mechanisms of genotoxicity and non-genotoxicity carcinogenicity. Carcinogens can be categorised as either 
genotoxic or non-genotoxic carcinogens. Genotoxic carcinogens induce the carcinogenesis process by directly interfering 
with DNA leading to genetic instability, if DNA replication occurs prior to the repair of the damage. Non-genotoxic 
carcinogens on the other hand indirectly interfere with DNA, this can occur by a number of mechanisms including ROS 
production.
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dough. Potassium bromate is a highly toxic compound that can cause oxidative DNA damage 
by inducing the formation of 8-hydroxyguanine (oh8Gua) [28]. 2-nitroflourene is found in the 
emissions from diesel fumes and kerosene heaters. This by-product of combustion is listed 
as a group 2B carcinogen. It has been shown to be capable of causing DNA adduct formation 
in rats, thus proving its genotoxicity [29]. Benzo-A-pyrene is another genotoxic carcinogen, 
listed as a group 1 human carcinogen. It causes a missense mutation in the tumour suppres-
sor p53 [30]. Aristolochic acids are an extract from a plant commonly found in Asia. Plants 
containing aristolochic acids are classified as group 1 human carcinogens. Aristolochic acids 
are capable of producing DNA adducts found in tumour tissue of patients with urinary tract 
cancer in an area of Taiwan where the use of herbal medicine containing aristolochic acids is 
the most prevalent [31]. Lastly, streptozotocin is a 2B carcinogen with possible carcinogenic 
ability in humans and has been shown to cause tumour formation in rat kidneys and neoplas-
tic transformation in human primary renal cells [32, 33].

7. Non-genotoxic carcinogens

Non-genotoxic renal carcinogens include ochratoxin A (OTA), monuron, bromodichloro-
methane and chlorothalonil (Figure 3). Ochratoxin A (OTA) is classified by the IARC as a 
group 2B carcinogen with possible human carcinogenic ability. OTA is a naturally occurring 

Figure 2. Chemical structure of a number genotoxic renal carcinogens (All chemical structures are adapted from https://
www.ncbi.nlm.nih.gov/pccompound).
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mycotoxin, OTA causes contamination of food and drink products [34, 35]. OTA exposure is 
associated with Balkan endemic nephropathy that causes tumour formation in the urinary 
tract and the kidney [36]. Much work has been carried out to establish whether OTA is a 
genotoxic or non-genotoxic carcinogen. The formation of DNA adducts following OTA treat-
ment would point to a possible genotoxic mechanism [37]. However, a review by Mally et al. 
refuted these findings where they claimed that OTA induced DNA adduct formation was 
not an important mechanism in OTAs overall carcinogenicity [38]. A study by Mantle et al. 
discussed that the reclassification of a carcinogen from a non-genotoxic to genotoxic has far 
reaching ramifications in terms of legislation, particularly with a contaminant found in the 
food and drinks industry, as a non-genotoxic carcinogen is said to have a 10-fold reduced risk 
to humans compared to genotoxic carcinogens [39]. This being said OTA’s ability to induce 
the formation of reactive oxygen species is the strongest piece of evidence to suggest its non-
genotoxicity [40].

Monuron is a phenylurea herbicide and a known renal carcinogen in rats as it has been shown 
to cause adenomas of the kidney and carcinomas of the liver [41]. In a study by Block et al. they 
showed that monuron induced an upregulation of genes involved in cell cycle and cell pro-
liferation in the renal cortex [42]. Due to its unclear mechanism of carcinogenicity a number 
of studies have classified it as a non-genotoxic renal carcinogen [43]. Bromodichloromethane 
is a trihalomethane and according to the IARC is a proven carcinogen in rats and a suspected 
human carcinogen (Group 2B). It is also thought to cause some chromosomal aberrations 

Figure 3. Chemical structure of a number of non-genotoxic renal carcinogens (All chemical structures are adapted from 
https://www.ncbi.nlm.nih.gov/pccompound).
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[44]. Chlorothalonil is a fungicide used in fungal control in a number of different crops. It 
is classified as a group 2B carcinogen to humans. A report by the Environmental Protection 
Agency in the United States declared that although an exact mechanism of carcinogenicity for 
chlorothalonil was unestablished it was agreed that the probable mechanism of carcinogenic-
ity was through a non-genotoxic route as it behaved very similarly to other well established 
non-genotoxic carcinogens [45].

8. Bioactivation of carcinogens

In general cytochrome p450 monooxygenases play the role of detoxifying certain chemicals in 
the body, the opposite can also occur where these enzymes can bioactivate a particular com-
pound where oxidation causes the conversion into a toxic by-product [46]. 2-acetylaminofluo-
rene, a carcinogen capable of inducing tumour formation in the liver and kidney, is converted 
by a CYP450 mediated N-hydroxylation to produce a hydroxylamine which undergoes fur-
ther transformation to become the deadly activated carcinogenic form [47]. Another example 
of CYP450 induced bioactivation, is the conversion of genotoxic benzo-A-pyrene to the carci-
nogenic benzo-a-pyrene-diol-epoxides by the enzymatic action of CYP1A1 and CYP1B1 [48]. 
Other families of enzymes can also carry out a similar function in converting carcinogens to 
their active form, including sulfotransferase. Sulfotransferase family cytosolic 1B member 1 
(SULT1B1) converts the genotoxic carcinogen aristolochic acid to its active form by the action 
of sulfotransferase enzymes specifically SULT1B1 [49].

9. In vitro carcinogenicity screening

The Ames test is a bacterial mutagenicity assay, which is designed to be able to detect a chemi-
cal’s ability to induce DNA damage that leads to gene mutations. The Ames test was first 
developed by the work of Bruce Ames, where he attempted to detect chemical mutagens with 
the use of bacteria [50]. This now well established assay works with the use of different strains 
of Salmonella that have mutations in genes involved in histidine synthesis, this causes the 
bacteria to be unable to grow [51]. The principle of the Ames test is based on whether a chemi-
cal can induce mutations that can cause the bacteria to again produce histidine which would 
then allow bacterial growth. To allow for the detection of various mutagens that function by 
different mechanisms different strains of salmonella are used that have varying mutations in 
the histidine operon [51]. Over the years the Ames test has undergone a number of modifica-
tions from the original method [52]. The most significant improvement was the incorporation 
of rat liver microsomes, which allowed for the screening of the original compound undergo-
ing testing and any potentially carcinogenic metabolites that could be produced [53]. In more 
recent years human liver S9 microsomal fractions have been utilised to try and improve the 
ability to detect carcinogens in humans. The main limitation of the Ames test still remains, 
which is Salmonella typhimurium being a prokaryote, however it is still useful as an initial 
carcinogenic screen.
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Other in vitro screens for identifying carcinogens are collectively called cell transformation 
assays (CTAs). CTAs were first developed in the 1960s, in a study by Berwald et al. they 
showed that a carcinogenic hydrocarbon (Benzo-A-pyrene) was able to cause a transforma-
tion from normal cells to tumour cells [54]. The three main assays used nowadays are the 
BALB/c 3 t3 assay (mouse embryo cells), the Syrian hamster embryo cells (SHE) assay and 
C3H10T1/2 assay (pluripotent stem cells) [55]. The Organisation for Economic Co-operation 
and Development (OECD) carried out a very comprehensive review of the BALB/c 3T3, SHE 
and C3H10T1/2 assays. Each of the assays were assessed based on a number of criteria includ-
ing sensitivity, specificity and predictivity. The C3H10T1/2 assay had the highest predictivity 
percentage of human carcinogens at 95%, this was followed by SHE and BALB/c 3T3 assays 
that had predictivity of 88 and 77% respectively [56]. Being able to predict the carcinogenicity 
of non-genotoxic carcinogens has been a major problem in carcinogenic screening, this has 
been somewhat overcome with the use of CTAs as the transformation of cells occurs with both 
genotoxic and non-genotoxic carcinogens [57]. As well as being used as screens for carcino-
gens CTAs are also used in investigating tumour initiation, evaluating classes of chemicals 
and establishing mechanism of action of compounds [55].

In 2006, the EU introduced the registration, evaluation, authorisation and restriction of chemi-
cals (REACH) initiative. The implementation of these policies highlights the needs for an 
improved protection of human and environmental health and safety by the identification of 
potentially dangerous chemicals and their exact mechanisms of hazardness. These regula-
tions have been phased in gradually over an 11 year period since their inception [58]. This 
has led to much stricter rules and regulation being put in place for the chemical industry and 
the need for improved carcinogenicity screening methods. Although very useful in predict-
ing carcinogenic potential, the limitations of in vitro testing methods must also be recognised. 
In a study by Walmsley et al. they highlight the challenges involved in in vitro screens where 
non-carcinogens can sometimes be determined as carcinogens and the difficulties this can 
cause [59].

10. Animal models based carcinogenicity screening

A 2 year rodent bioassay is widely used in carcinogenicity risk assessment. The goal of this 
screening method is to be able to predict potential carcinogenicity, while also characteris-
ing any potential tumour development. Before the 2-year study commences either or both 
14 or 90 day pre-chronic study must be completed to establish maximum tolerated doses 
[60]. The National Toxicology Programme set out a protocol in 1976 that is still used today. This 
protocol involves the use of 50 animals per sex per group [61]. The testing system is catego-
rised into acute, sub-chronic and chronic exposure and in some cases in utero exposure. The 
study concludes with a histological assessment to identify any potential carcinogenic related 
changes. Attempts have been made to improve on the traditional 2-year rodent method, one 
such suggestion by Cohen et al. proposed that the 2 year study should be replaced by an 
enhanced 13 week screen [62]. This study suggests a shorter more robust study is sufficient to 
predict carcinogenicity, thus reducing the number of animals used, as well as time and costs. 
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The proposed screening process involves a tiered approach where the first step is to estab-
lish genotoxicity, estrogenic/immunosuppressive activity, this would then be followed by a 
multi dose response screen of the compounds effects on cell proliferation and overall toxicity. 
However, this shortened screen could fail to predict the carcinogenicity of a chemical where 
the effects take longer than 13-weeks to emerge. The main arguments against the use of the 
well-established 2-year rodent bioassay will always be whether this particular animal is suit-
able for predicting disease in humans and the issue of the unnecessary use of animal models. 
These limitations have been further highlighted with the EU’s commitment to ‘reduce, refine 
and replace animal models’ [63].

Due to the kidneys function as a blood filtration system, it allows for the exposure and accu-
mulation of potentially carcinogenic substances, leaving the kidneys to be susceptible to the 
development of various forms of renal carcinomas. For this reason there is an ever increasing 
need to improve screening methods that are capable of detecting carcinogens particularly 
those known to induce the development of kidney cancers.
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Abstract

Pollution of indoor and outdoor air has considerably been taken attention abroad as an 
important environmental problem, and there is sufficient evidence that exposure to out-
door air pollution causes lung cancer and other cancers. Therefore, the current situation 
of air pollution will be deeply discussed, and a portable environmental gas monitor inte-
grated by a variety of highly sensitive sensors will be developed for rapidly monitoring 
air pollution, which is able to provide scientific data for environmental pollution control. 
By this way, human beings are able to be far away from cancer caused by environmental 
pollution and its suffering.

Keywords: air pollution, portable environmental gas monitor, volatile organic 
compounds, toxic gases, metal oxide sensor, particulate matters, photoionization 
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1. Introduction

Cancer is caused by changes in certain genes that alter the function of our cells. Some of these 
genetic changes occur naturally when DNA is replicated during the process of cell division. 
But others are the result of DNA damage caused by environmental exposure, and these expo-
sures include toxic and harmful gases, repairable dust, chemicals, and radiation.

The air we breathe has been contaminated with a mixture of carcinogens [1–3]. We now know 
that outdoor or indoor air pollution has been acted as a major health risk [1–11] but also a 
leading environmental cause of cancer deaths. The risk of developing lung cancer is signifi-
cantly increased in people exposed to air pollution. Air pollution is a gas (or a liquid or solid 
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dispersed through ordinary air) released with a big-enough quantity to harm health of people 
or other animals, kill plants or stop them growing properly, damage or disrupt some other 
aspect of the environment (such as making buildings crumble), or cause some other kind 
of nuisance (reduced visibility, perhaps, or an unpleasant odor). Air pollution is predomi-
nantly caused by automobile exhaust, industrial and agricultural emissions, construction 
dust, chemical leakage, residential heating and cooking, as well as some pollution accidents 
(such as factory explosion, toxic runway and playground, etc.). It is uncertain to what degree 
air pollution contributes to cancer, but according to the largest study to date, more than 10% 
of lung cancers may be caused by air pollution. Moreover, experts have identified other ills 
caused by the air pollution, including an increased risk of asthma and heart disease.

It is generally known that a variety of harmful gases will be present in the air when air pol-
lution occurs, and if the harmful gases reached a high enough concentration, the air becomes 
very harmful to human health. When we talk about the harmful gases, there are dozens of 
different pollution gases in the air. In practice, about several different substances cause most 
concern, and these harmful gases are mainly sulfur dioxide, carbon monoxide, carbon diox-
ide, nitrogen oxides, volatile organic compounds (VOCs), ozone [12, 13], particulates [13–18], 
and so on. Therefore, let us talk about the sources of these toxic gases and their major dangers.

Carbon monoxide (CO): CO is mainly come from the incomplete combustion of C, such as 
automobile exhaust, coal combustion (especially coal-fired power plants and coal-fired sup-
ply heating system, etc.), fuel-burning appliance, and so on. It is well known that CO with 
high concentrations can directly cause death.

Carbon dioxide (CO2): CO2 is one of basic component of the atmosphere, just as the N2 and 
O2, and this gas is central to everyday life and is not normally considered as a pollutant. We 
all produce it when we breathe out, and plants such as crops and trees need to “breathe” it in 
to grow. However, CO2 with high concentrations can also directly cause suffocation or even 
death.

Sulfur dioxide: coal, petroleum, and other fuels are often impure and contain sulfur as well 
as organic compounds. When sulfur burns with oxygen from the air, sulfur dioxide (SO2) is 
produced. In the atmosphere, sulfur dioxide can be oxidized to sulfuric acid fog or sulfate 
aerosol, which is an important precursor of environmental acidification. There is a potential 
impact on the human body when the concentration of sulfur dioxide in the atmosphere is 
above 0.5 ppm, most people will begin to feel stimulated when the concentration of SO2 is 
over 1 ppm, and people suffer from ulcers and pulmonary edema and even death by asphyxi-
ation when the concentration is over 400 ppm. Sulfur dioxide has synergistic effects with soot 
in the atmosphere. When the concentration of sulfur dioxide in the atmosphere is 0.21 ppm, 
the concentration of smoke and dust is greater than 0.3 mg/l, the incidence of respiratory dis-
eases can be increased, and the condition of the patients with chronic diseases will deteriorate 
rapidly. Such as the London smog event, Maas Valley events, Donora smog, and other events 
were all caused by this synergistic effect.

Nitrogen oxides: nitrogen dioxide (NO2) and nitrogen oxide (NO) are pollutants produced 
as an indirect result of combustion when nitrogen and oxygen from the air react together. 
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Nitrogen oxide pollution comes from automobile exhaust and power plants and plays an 
important role in the formation of acid rain, ozone, and smog. Nitrogen oxides are also “indi-
rect greenhouse gases” because they contribute to global warming by producing ozone. 
Nitrogen oxides mainly damage the respiratory tract, and if people are living in this environ-
ment for a long time, people may suffer from delayed pulmonary edema and adult respira-
tory distress syndrome.

Volatile organic compounds (VOCs): these carbon-based (organic) chemicals evaporate easily 
at ordinary temperatures and pressures, so they readily become gases. That’s precisely why 
they are used as solvents in many different household chemicals such as paints, waxes, and 
varnishes. Indoor VOCs which are greatly harmful emit mainly from building and building 
fitment materials. Unfortunately, VOCs are greatly harmful and have long-term effects on 
human health, and they also play a role in the formation of ozone and smog. Therefore, it is 
necessary to investigate emission of VOCs and its controlling method.

Particulates: the particles can be deposited in the respiratory tract, lung, and other parts due 
to small size. The smaller the particle size of the PM is, the deeper the PM enters into the 
respiratory tract. It is well known that the PM with 10 μm diameter is deposited in the upper 
respiratory tract, the PM with 5 μm diameter can enter into the deep part of the respiratory 
tract, and the PM with diameter less than 2 μm can be easily penetrated deep into bronchioles 
and alveoli, which was easy to cause cancer and other diseases. Therefore, it is of great signifi-
cance to develop a rapid on-site detection technique for inhalable particles, which will be very 
conducive to the understanding of the formation mechanism of fog and haze. In cities, most 
particulates come from traffic fumes.

Ozone: some of the ozone near the ground comes from the upper layer of ozone, and some 
of the ozone comes from the soil, lightning, biological emissions, etc. These can be classified 
as “natural sources”, already in nature. The main cause of ozone pollution is “anthropogenic 
sources”. Coal, vehicle exhaust, petrochemical, and other pollutants (for example, NOx (nitro-
gen oxides)) will produce ozone and other NOx, which is called the two photochemical reac-
tion. Studies have shown that only 23% total ozone pollution occurred each year in the near 
ground layer comes from the nature’s own transport and as high as  48% total ozone comes 
from the photochemical reaction from NOx and other pollutants. It can be said that the con-
centration of ozone in urban areas depends mainly on the emission of motor vehicles exhaust. 
Ozone can cause great harm to the human body: ozone can damage lung function, stimulate 
respiratory tract, cause airway reaction, increase airway inflammation, and aggravate asthma. 
High levels of persistent ozone pollution may cause watering eyes, eye pain, headaches, and 
other symptoms, which can affect the respiratory and cardiovascular systems.

In this chapter, a portable gas monitor fabricated for rapidly monitoring air pollution was 
developed, and the systems consists of the following modules: an automated sampling device, 
multisensors-integrated sensing system, a signal acquisition, processing and display system, 
and a power supply. Finally, the proposed systems were used to monitor air pollution in vari-
ous environmental sites, such as industrial chemical plan, pesticide plants, printing and dyeing 
plants, pesticide plants, and so on. These environmental pollution data will be provided to the 
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local environmental monitoring department, and these data are very important for the purifi-
cation and treatment of the environment, so that we are able to avoid the high-risk air pollution 
and the cancers caused by air pollution.

2. Experimental details

2.1. The schematic of the minienvironmental gas system

In order to effectively monitor toxic and harmful gas in the air, a multisensor integrated into 
the portable system is proposed, and its structure diagram was shown in Figure 1. The system 
mainly includes the following parts: (1) automatic injection system, (2) purification unit for 
sample, (3) gas sensing unit (4), signal acquisition, output, and display unit, and (5) power 
supply. The sampling section mainly includes a sampling pipe and a sampling pump, in 
which the sampling pipe was inserted into pollutant source or possible leakage spots, and 
then, the sample was pumped and transported into the purification unit. The purification unit 
consists of sample filtration and sample drying, by which the particulate matters are filtered 
through a filter membrane with pore size of 0.22 μm made by PTFE material, and at the same 
time, moisture was absorbed and removed by the purifying material packed in chamber of 
the purification unit. After the sample has been purified, the sample was then transported 
into the sensor unit for target identification and concentration identification. The sensing unit 
is the brain of the whole system, which consists of a variety of highly sensitive sensors, and 
each sensor can accurately identify a component and detect its concentration. Moreover, in 
the system, we can choose sensor combinations according to different application areas (dif-
ferent kinds of harmful gas) because the environmental gases contain some of the harmful 
gases, such as O3, H2S, CO, NO2, NH3, SO2, formaldehyde, VOCs, and NO. Therefore, accord-
ing to the different applications, some different high sensitive sensors were integrated into 
the system, such as mini PID sensor, H2S sensor, SO2 sensor, NO sensor, NO2 sensor, NH3 
sensor, O3 sensor, and so on. The signal processing system mainly includes signal acquisition, 
processing, transmission, and display. An output signal proportional to the concentration 
was obtained from the sensor, after the signal was processed by high-accurate AD converter 

Figure 1. Schematic diagram of the portable gas monitor.
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and MCU, the types and concentrations of this contaminated gas were displayed by a mini 
PC or liquid crystal display (LCD).

2.2. Highly sensitive sensors

2.2.1. High performance of mini PID

A photoionization detector (PID) uses an ultraviolet (UV) light source to ionize gas molecules 
to positive and negative ions that can be easily measured with a detector. The PID is com-
monly employed in the detection of volatile organic compounds (VOCs) such as alkanes, 
alkenes, oxygenated hydrocarbons, and halogenated hydrocarbons, etc. VOCs mainly come 
from the following aspects: industrial stationary source, vehicle exhaust emission source, and 
daily life source. The PID detectors are able to detect traces gas with concentration of ppb 
level and provide an instant reading indicating whether gas is present, which makes PID 
sensors useful in go/no-go situations, where personnel are unsure of what threats they face.

In this work, a mini PID detector has been developed, which can be used to detect volatile 
organic compounds in the environment with high sensitivity. In order to improve sensitivity 
of the PID, a little ionization chamber with volume of 10 μl, which was made of polytetrafluo-
roethylene (PTFE), was proposed. Figure 2(a) shows a side view of the ionization chamber 
and the fabricated mini PID. Figure 2(b) indicates photo of the fabricated PID. The charac-
teristic of the fabricated PID was the little volume of the ionization chamber, dramatically 
reducing velocity of carrier gas (velocity of carrier gas was able to be reduced to less than 
10 ml/min). The proposed PID demonstrated high-detection performance (refer to Table 1) 
by effectively reducing background noises, external electromagnetic interferences, and the 
ionization chamber volume.

In this work, in order to accurately detect the concentration of the VOCs come from pollution 
source, the fabricated PID was integrated into the monitoring system.

Figure 2. (a) Schematic of the fabricated mini PID, (b) photo of the fabricated PID.
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local environmental monitoring department, and these data are very important for the purifi-
cation and treatment of the environment, so that we are able to avoid the high-risk air pollution 
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sensor, O3 sensor, and so on. The signal processing system mainly includes signal acquisition, 
processing, transmission, and display. An output signal proportional to the concentration 
was obtained from the sensor, after the signal was processed by high-accurate AD converter 
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2.2.2. High sensitivity sensors

In order to effectively monitor these environmental harmful gases (such as O3, H2S, CO, 
NO2, NH3, SO2, formaldehyde, VOCs, NO and so on), some highly sensitive sensors were 
selected to monitor these harmful gases, and the response characteristics of each sensor will 
be described as follows.

The H2S sensor based on electrochemical principles is able to detect trace concentrations 
below 10 ppb, and Figure 3 shows the responses to 200 ppb sample gases. The data indicate 
that the sensor has high resolution and good linearity, which is suitable for the analysis of 
trace gases in the environment.

The SO2, NO, and O3 sensor also based on electrochemical principles were able to detect 
trace concentrations, and Figures 4–6 show the responses to sample gases. These experiment 
results show that these sensors have high sensitivity and can be used to detect various pollu-
tion sources in ambient air.

The formaldehyde sensor responds to formaldehyde that are electrochemically active, and 
the bias voltage of +300 mV is optimum for formaldehyde; however, the sensor also responds 
to other VOCs under other bias voltage. If the formaldehyde needs to be detected with high 
precision, TVOCs needs to be tested at once and then eliminate its impact. Figure 7 shows the 
response of 3.8 ppm formaldehyde using the sensor.

Figure 3. Response to 200 ppb H2S using the H2S sensor.

Detection limit (for benzene) 1 ppb

Relative standard deviation (RSD) 0.5%

Baseline drift 1.0 × 10−13 A/30 min

Background noise Less than 1.0 × 10−13 A

Linear range (for benzene) 105

Table 1. A summarized performance of the fabricated mini PID.
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Figure 4. Response to 200 ppb SO2 using the SO2 sensor.

Figure 5. Response to 200 ppb NO using the NO sensor.

Figure 6. Response to 200 ppb O3 using the O3 sensor.
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Because of the basic principle of NDIR gas sensors, only the gas with asymmetric molecu-
lar structure can absorb strong infrared rays. Therefore, NDIR gas sensors can only mea-
sure SO2, NO, CO2, CO, CH4, and other molecules with asymmetric molecular structure. 
For O2, H2, N2, and other molecules with symmetrical molecular structure, the NDIR is 
incapable of action.

NDIR detectors are the industry standard method of measuring the concentration of car-
bon oxides (CO and CO2). Each constituent gas in a sample will absorb some infrared at a 
particular frequency (Figure 8 is the infrared absorption spectrum of CO2). By shining an 
infrared beam through a sample chamber containing CO2 and measuring the amount of 
infrared absorbed by the sample, the volumetric concentration of CO2 in the sample can be 
reported. Figure 9 shows the schematic diagram of the NDIR detector. In this work, a NDIR 
detector (Prime 2, purchased from Clairair Ltd.) was integrated for detecting the concentra-
tion of CO2.

In this work, a microfabricated metal oxide (MOX) detector based on SnO/SnO2/Au nanocom-
posite sensitive material was used to detect the CO gas. In order to increase conductivity of 
the sensitive material, SnO-doped sensitive material was proposed because of the low con-
ductivity of SnO2, which was able to greatly increase the activity of SnO2 sensitive layer. The 
sensitive film (nano-metric thickness) was fabricated, and the process was defined as follows, 
and a schematic representation of the whole structure is depicted in Figure 10.

First of all, a layer of SnO and SnO2 thin film deposited over the hotplate surface has been 
carried out by sputtering through a modified rheotaxial growth and thermal oxidation tech-
nique, and the thickness of the SnO and SnO2 thin film was 50 nm and 150 nm, respectively. 
Then, an extremely thin Au film with thickness of 5 nm was deposited over its surface to act 
as a catalyst and consequently increase SnO2 film selectivity. Finally, the release process (or 
suspension process) of the supported beam was shown as follows. A layer of photoresist with 

Figure 7. The response of 3.8 ppm formaldehyde.
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thickness of 2 μm was coated and patterned as an etch mask for silicon nitride. After the two 
layers of the silicon nitride were etched by the reactive-ion etching (RIE) technology, a deep 
reactive-ion etching (DRIE) process was utilized to remove the diffusion of silicon in the micro 
channels. Then, the supported beam was released through a silicon etch (using 40 wt% KOH 
solution at 80°C for 70 min). The chip size (refer to Figure 11) is 8 × 10 mm2 with an active area 
(for each of the four sensors) of 1 × 4 mm2, consisting of platinum resistor acting as heater. The 
sensor can detect CO with a detection limit of 0.1 ppm, and the resolution of the sensor can 
be less than 1 ppm.

Figure 8. Infrared absorption spectrum of CO2.

Figure 9. The schematic diagram of the NDIR detector.
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The particles can be deposited in the respiratory tract, lung, and other parts due to small 
size. The smaller the particle size of the PM is, the deeper the PM enters into the respiratory 
tract. PM is the leading cause of pneumoconiosis. Therefore, PM is especially harmful to 
humans, and its formation and monitoring should be paid special attention. In this work, 
optical method was used to monitor the PM, which monitors the change of light intensity to 
determine the average concentration of PM. Figure 12 shows the photo of the PM sensor and 
the working schematic diagram.

Figure 12. The PM sensor and the working schematic diagram.

Figure 10. A schematic representation of the sensor.

Figure 11. Photo of the MOX sensor based on SnO/SnO2/Au nanocomposite sensitive material.
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2.3. Integration of monitoring system

In this work, the gas hoods using polytetrafluoroethylene (PTFE) for packaging these sensors 
were fabricated, and then these sensors were integrated into the system. Figure 13 shows the 
photo of the portable system, in which the sample was transported by a mini pump and the 
power supply is a 12 V battery module. The data are processed through a high-resolution 24 
bit AD (ADS1256) converter and displayed by a LCD. According to the application areas, we 
can easily change the sensor module.

3. Results and discussion

Air pollution has considerably been taken attention abroad as an important environmental 
problem, and there is sufficient evidence that exposure to air pollution causes lung cancer and 
other cancers. Therefore, it is necessary to develop highly sensitive systems to detect harmful 
gases. In this work, several different sensors were integrated into a portable system according 
to different application areas. For example, the proposed system integrated with TVOCs, H2S, 
SO2, CO, O3, NO, CO2, and formaldehyde sensor was used for monitoring pollution sources, 
such as the automobile coating industry, chemical processing industry, furniture manufactur-
ing, oil refining, and chemical industry.

We selected a garage to monitor air pollution, it is well known that a lot of paint, gasoline, 
and lubricating oil was used at work, and a large amount of exhaust gas is emitted from the 

Figure 13. Portable environmental gas detection system.
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automobile; therefore, the component of the air is complex. In this work, the air pollution was 
monitored continuously using the proposed system. The testing cycle is every hour and 5 times 
in a row. Table 2 indicates the concentration of each component of the garage detected by the 
monitor.

As we can see from the monitoring data, the concentration of TVOC, SO2, H2S, formaldehyde, 
O3, NO, and PM are higher than their national standard in the auto repair factory. Obviously, 
these harmful gases will be harmful to health of workers if they work in such a “high pollu-
tion” environment for a long time, which will bring serious diseases and even cancer. In order 
to protect the health of workers, the air pollution need to be on-site monitored with high sen-
sitive; at the same time, the harmful gases also need to be removed till their concentrations are 
reduced to the normal allowed level, which the workers can freely breathe the air.

4. Conclusion

The existence of a number of toxic and harmful gases has greatly damaged people’s health. 
Therefore, real-time and high-precision detection of these gases is the primary basis for effec-
tive prevention of this pollution source, and the purpose of the elimination of these harmful 
gases can finally be achieved only through this high-precision detection technology. So that 
people can be away from cancer and be free breathing the air in the clean and blue sky.
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#1 #2 #3 #4 #5

TVOC (ppm) 5.524 5.461 5.556 5.270 5.353

H2S (ppm) 0.564 0.556 0.578 0.489 0.486

SO2 (ppm) 0.802 0.813 0.882 0.916 0.925

CO (ppm) 0.135 0.118 0.167 0.185 0.201

CO2 (ppm) 578 586 592 597 620

O3 (ppm) 0.225 0.186 0.175 0.216 0.228

NO (ppm) 0.102 0.125 0.118 0.102 0.128

Formaldehyde 1.068 1.025 1.086 1.164 1.125

PM 2.5 (μg/m3) 230 243 241 236 230

Table 2. The concentration of each component in the garage detected by the monitor.
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Abstract

Carcinogens are substances that induce cancer by damaging the genome or through dis-
ruption of cellular metabolic processes. Some compounds interact directly with DNA, 
while others are activated to reactive molecules that can bind with DNA by covalent 
adducts causing mutations in genes crucial to biological processes. Cigarette smoke is 
by far the most important and notorious carcinogen. Cigarette smoke contains many 
carcinogenic substances including polycyclic aromatic hydrocarbons (PAHs), which are 
known to cause cancer. Nitrites, which are present in many foods, are converted into 
nitrous acid in the stomach and may then react with amines in food to produce nitro-
samines, which are carcinogenic. Aflatoxins produced by Aspergillus flavus are pro-
moter for hepatic cancer. Several cytotoxic drugs are carcinogens especially alkylating 
agents that interact with DNA. Individuals exposed to certain pesticides may be at risk 
to the development of certain cancers. Inorganic arsenic exposure has been suggested 
to be associated with the development of several cancers. Sufficient evidence indicated 
an association between dioxins and various cancers including soft tissue sarcoma, lym-
phoma and leukemia. Asbestos has been found to be significantly associated with lung 
cancer and mesothelioma.
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1. Introduction

Worldwide, cancer is a leading cause of mortality [1]. According to GLOBOCAN estimates, 
about 14.1 million new cancer cases and 8.2 million deaths occurred in 2012 worldwide [1]. 
The incidence and mortality rates of cancer differ between countries. However, over the last 
decades, the burden of cancer has shifted to less developed countries due to later stage of 
diagnosis and unavailability of treatment. Currently about 57% of cancer cases and 65% of 
cancer deaths occurs in less developed countries [1, 2]. The cancer profile also varies between 
countries. The incidence rates of prostate, colorectal, female breast and lung cancer are several 
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times higher in more developed countries compared with less developed countries. Liver, 
stomach, and cervical cancers are more frequent in less developed countries; these cancers are 
predominantly attributable to infection. However, lung cancer remains the leading cause of 
cancer death globally [1].

The burden of cancer is rising because of the aging of the population, and increasing exposure 
to established carcinogenic chemicals, viruses and radiations, as well as adoption of unhealthy 
lifestyle behaviors such as smoking, alcohol intake, overweight, and limited physical activity. 
Moreover, the success of screening programs and earlier detection of cancer have contributed 
to the rise of cancer problem [1, 2].

Carcinogens are substances which induce cancer, by damaging the genome or through dis-
ruption of cellular metabolic processes. Carcinogens have usually an insidious toxic effect 
rather than an acute toxic effect. Carcinogens could be either from synthetic chemicals or 
natural substances. Carcinogens can be classified as genotoxic or nongenotoxic agents accord-
ing to mechanism of carcinogenesis. Genotoxins bind directly to DNA causing irreversible 
damage to the genome like polycyclic aromatic hydrocarbons (PAHs). Nongenotoxins do not 
directly affect DNA but could promote growth, like hormones and some organic compounds. 
Procarcinogens are not carcinogenic themselves, but turn into carcinogenic substances 
in the body, e.g. nitrates taken in the diet change into nitrosamines which is carcinogenic. 
Co-carcinogens are substances that promote the activity of other carcinogens in causing can-
cer but they are not carcinogenic on their own [3].

Chemical carcinogenesis was first described in 1775 by an eminent English physician and 
surgeon, Percivall Pott who observed the occurrence of cancer of the scrotum in a number of 
his patients who were chimney sweepers when they were young [3, 4]. Accordingly, Pott sug-
gested that the occupation of these men as young boys and their exposure to large amounts of 
soot could be the causative agent of the cancer. One hundred years later, the high incidence of 
skin cancer among certain German workers was recognized to be associated to their exposure 
to coal tar, the chief constituent of the chimney sweeps’ soot [5].

Only after 140 years of Dr. Pott’s report of the association of epidermal cancer of the scro-
tum with the exposure to soot from the combustion of coal, the first experimental labora-
tory animal study on carcinogenesis was reported. In 1915, Yamagawa and Ichikawa first 
published a comprehensive paper describing the production of a malignant epidermal neo-
plasm by repeatedly applying crude coal tar to the ears of rabbits for a number of months [6]. 
Afterwards, several studies tried to define and isolate the causative carcinogenic substance 
from the crude tar. In 1930s, the first carcinogenic chemical compound, dibenz[a,h]anthracene 
was produced, followed by several polycyclic aromatic hydrocarbons (PAHs) were isolated 
from active crude tar fractions.

Since 1971, The International Agency for Research on Cancer (IARC) has evaluated more than 
1000 agents, and has classified them into five groups as follows [7]:

• Group 1: Carcinogenic to humans (120 agents).

• Group 2A: Probably carcinogenic to humans (81 agents)
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• Group 2B: Possibly carcinogenic to humans (299 agents)

• Group 3: Not classifiable as to its carcinogenicity to humans (502 agents)

• Group 4: Probably not carcinogenic to humans (1 agent)

2. Mechanisms of action of carcinogens

Carcinogenesis could be classified into four phases; initiation, promotion, progression and metas-
tasis. Carcinogenic chemicals can initiate and/or promote this process by affecting the expression 
and activity of certain genes responsible for cell growth, differentiation, DNA repair, cell-cycle 
control, and apoptosis. Some compounds interact directly with DNA, while others are activated 
to reactive molecules that can bind with DNA by covalent adducts causing mutations in genes 
crucial to biological processes. Polycyclic aromatic hydrocarbons (PAHs) are known to cause 
cancer by forming covalent adducts with DNA, resulting in altered cell growth and repair [3].

Chemical carcinogens can target certain genes termed proto-oncogenes and tumor suppres-
sor genes, which when become mutated, allow cells to grow without control like in breast, 
colon and lung cancers. Two well studied proto-oncogenes are MYC and RAS, which are 
responsible for regulation of the cell cycle and apoptosis. MYC function is involved in 
protein-protein interactions with various cellular factors such as in Burkitt’s Lymphoma. 
RAS function as GTP-binding protein; important in signal transduction cascade such as in 
Pancreatic, Colorectal, Bladder Breast, Kidney, & Lung Neoplasms; Leukemia; Melanoma [8, 
9]. Mutations in these genes can cause dysregulated cell division. The mutant proteins main-
tain their normal functions but are no longer under control of orders that regulate these pro-
cesses. The products of RAS gene are essential components of kinase signaling pathways that 
regulate cell growth and differentiation. Mutations in RAS can be caused by organochlorine 
pesticide and exposure to arsenic [3].

One of the most well recognized tumor suppressor genes is p53 also known as TP53 or tumor 
protein (EC:2.7.1.37) is a gene that codes for a protein that regulates the cell cycle and hence 
functions as a tumor suppression. Under suboptimal conditions such as DNA damage, tumor 
suppressor genes produce products that inhibit cell division for growth. Mutations in p53 
have been discovered in breast cancer and bronchial cancer exposed to organophosphorus 
pesticides and PAHs [10].

3. Some chemical carcinogens

3.1. Cigarette smoking

Cigarette smoking is the most important carcinogen. Cigarettes are the predominant type of 
tobacco product consumed in the world. Worldwide, more than 1 million cancer deaths are 
attributed to cigarette smoking annually. Cigarette smoking is the major cause of lung cancer. 
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was produced, followed by several polycyclic aromatic hydrocarbons (PAHs) were isolated 
from active crude tar fractions.

Since 1971, The International Agency for Research on Cancer (IARC) has evaluated more than 
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and activity of certain genes responsible for cell growth, differentiation, DNA repair, cell-cycle 
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Chemical carcinogens can target certain genes termed proto-oncogenes and tumor suppres-
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RAS function as GTP-binding protein; important in signal transduction cascade such as in 
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Cigarette smoking is the most important carcinogen. Cigarettes are the predominant type of 
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Polycyclic aromatic hydrocarbons and the tobacco-specific nitrosamine 4-(methylnitrosamino)-
1-(3-pyridyl)-1-butanone are likely to play major roles lung cancer induction [11].

Cigarette smoking is a major risk factor for cancers of oral cavity, oropharynx hypopharynx 
and Larynx, and the risk is greatly increased by alcohol consumption. Most cases of esopha-
geal cancer, sinonasal and nasopharyngeal cancer, liver cancer, pancreatic cancer, stomach 
cancer, cervical squamous cell carcinoma, transitional cell carcinomas of the bladder, ureter, 
and renal pelvis and myeloid leukemia in adults are linked to cigarette smoking [12].

Laboratory studies clearly demonstrate that inhalation of cigarette smoke and topical appli-
cation of cigarette smoke condensate (CSC) cause cancer in experimental animals. Studies 
identified the carcinogenic polycyclic aromatic hydrocarbons (PAHs) in cigarette smoke and 
showed that CSC has both carcinogenic and cocarcinogenic (tumor-promoting activity) effect. 
Tumors are not induced by the PAHs alone, using doses equivalent to their concentrations in 
CSC. However, carcinogenesis appears to depend on the composite interaction of the tumor 
initiators such as PAHs and tumor promoters [12].

Cigarette smoke contains more than 60 carcinogenic compounds that have been evaluated 
for carcinogenicity in laboratory animals, and 15 of them are considered as carcinogenic to 
humans. PAHs are a group of compounds produced from tobacco smoking. PAHs have a 
direct local carcinogenic effect. Benzo[a]pyrene, one of PAHs, has powerful carcinogenic 
activity to humans. Heterocyclic compounds are also combustion products and include nitro-
gen-containing analogues of PAHs such as furan, which is carcinogenic to liver [12].

N-nitrosamines are a large group of potent carcinogens. N-nitrosamines in cigarette smoke can 
induce lung tumors, tumors of the pancreas, nasal cavity, and liver and esophageal tumors. 
Aromatic amines such as 2-naphthylamine and 4-aminobiphenyl, which is the first identified 
carcinogens resulting from dye industry exposures, causes bladder cancer. Aldehydes such as 
formaldehyde and acetaldehyde are commonly present in our daily life from smoking. Other 
carcinogens present in cigarette smoke are vinyl chloride, and ethylene oxide [12, 13].

Cigarette smoke also contains oxidants such as nitric oxide and free radicals that are involved 
in oxidative damage produced by cigarette smoke. Cigarette smoke contains diverse carcino-
gens. PAH, N-nitrosamines, aromatic amines, 1,3-butadiene, benzene, aldehydes, and ethylene 
oxide are among the most important carcinogenic compounds present in cigarette smoke [12].

3.2. Polycyclic aromatic hydrocarbons

Polycyclic aromatic hydrocarbons (PAHs) are a group of organic compounds composed of 
two or more fused aromatic (benzene) rings containing only carbon and hydrogen atoms. 
PAHs containing two and three rings are present in vapor phase in atmosphere as they have 
low molecular weight. However, PAHs with five rings or more are largely bound to particles 
and considered the most hazardous to humans. PAHs with intermediate molecular weight 
(four rings) are allocated between vapor and particulate phases. More than 11 carcinogenic 
PAHs were detected in the air of industrial countries. The most widely-spread PAHs com-
pound is benzo[a]pyrene which is used as a marker for total exposure to carcinogenic PAHs. 
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Polycyclic hydrocarbons differ in their carcinogenicity; some have weak carcinogenic effect 
like, the compound dibenzo[a,c]anthracene, while others have potent carcinogenicity like 
3-methylcholanthrene and 7,12-dimethylbenzo[a]anthracene [14].

PAHs are released into the environment form the combustion of carbon containing materials 
at high temperature. Indoor air contamination by PAHs occurs from indoor emission sources 
such as smoking, cooking, domestic heating with fuel stoves and open fireplaces, as well as 
from intrusion of outdoor air [14].

PAHs emissions from motor vehicle, power generation plants, waste incinerators and open 
burning are considered the main component of outdoor sources in industrialized countries. 
In developing countries, cooking and heating with solid fuels such as wood, agricultural resi-
dues or coal remains the main contributing source of indoor PAHs air pollution [14].

Individual exposure to PAHs occurs via inhalation of air, consumption of food and water, and 
dermal contact with soil and dust. Indoor air would be the major source contributing to the 
PAHs exposure through inhalation, as people spent 80–93% of their time indoors [14].

PAHs are easily absorbed from the gastrointestinal tract of human, as they are highly lipid 
soluble. Then they are rapidly distributed in a various tissues with a tendency for localiza-
tion in fatty tissues. PAHs metabolized via the cytochrome P450s and epoxide hydrolase 
enzymes [14].

The carcinogenic potential of PAHs has been well established for decades, and evidence to 
date has resulted in many of these compounds being labeled as reasonably carcinogenic. 
Lung tumors have been detected in animals exposed to PAHs. In vitro studies showed that 
c-myc expression, adduct formation, and cell-cycle progression are altered in lung epithelial 
cells exposed to PAHs [15].

The mechanisms of carcinogenesis of PAHs have been extensively investigated. PAHs might 
cause DNA adducts. Recent studies indicate that PAHs can alter cell signaling cascades that 
control cell communication, growth, and immune functions. PAHs have been shown to act 
through nuclear receptors [15].

3.3. Nitrosamines

Nitrosamines are a class of approximately 300 compounds and about 90% of them have been 
found to be carcinogenic. For example dimethylnitrosamine causes liver cancer, whereas 
some of the tobacco specific nitrosamines cause lung cancer. Nitrates and nitrites occur natu-
rally in fruit and vegetables, which are considered as an important part of a healthy diet in 
most countries. Nitrates and nitrites are often used as food additives in processed meats such 
as ham, bacon, sausages and hot dogs to prevent toxin production by Clostridium Botulinum 
(the microorganism responsible for botulism), and preserve meat products recognizable 
appearance and flavor as well [13].

Nitrosamines are produced by chemical reactions of nitrates or its reduced form nitrites with 
amines in the meat during its processing, storage, and cooking. N-nitrosodimethylamine 
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amines in the meat during its processing, storage, and cooking. N-nitrosodimethylamine 
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(NDMA) is one of the most frequently occurring nitrosamines in our dietary foods. NDMA 
is a potent carcinogen, associated with increased risk of malignant tumors of liver, lung, and 
stomach [13].

Nitrates (NO3) and nitrites (NO2) are inorganic compounds, composed of a single nitrogen 
atom (N) and a number of oxygen atoms (O). It is believed that nitrates themselves are rela-
tively inert, and activated by nitrate reductase enzyme from bacteria in the mouth into to 
nitrites. Then nitrites are converted to nitrous acid by the acidic juices in stomach, which 
further reacts with amines to form nitrosamines. The carcinogenesis of nitrosamines could be 
through gene mutation and DNA adductions. A high consumption of processed meats was 
correlated to an increased gastric cancer risk, and many people consider nitrates/nitrites as 
the main reason for that [13].

3.4. Aflatoxins

Aflatoxin is a potent human carcinogen. It is a naturally occurring toxic metabolite produced 
by certain fungi (Aspergillus flavis). Aflatoxins are an interesting example of DNA damaging 
agents from a natural source. Among the aflatoxins of natural origin, aflatoxin B1 is the most 
potent hepatocarcinogen and considered to be the most toxic. Aflatoxins are regularly found 
in improperly stored staple commodities such as cassava, corn, cotton seed, millet, peanuts, 
rice, sesame seeds, and wheat [16].

Aflatoxins may be metabolized in the liver to a reactive epoxide intermediate or hydroxylated to 
become the less harmful aflatoxin M1. Aflatoxins are commonly ingested through contaminated 
food. Animals fed contaminated food can pass aflatoxin transformation products into eggs, 
milk products, and meat. However the most toxic type of aflatoxin B1, can permeate through 
the skin. It has been suggested that aflatoxins induce p53 gene mutations in hepatocytes [16].

3.5. Drugs and chemotherapy

Many drugs have carcinogenic potential such as intercalating antibiotics or nitroimidazole 
derivatives like metronidazole. The mechanism of action of nitroimidazoles is through reduc-
tion of the nitro group in predominantly anaerobic environments leads to formation of reac-
tive intermediate products and hence destruction of DNA strands. Antimicrobial agents can 
be directly toxic, can interact with other drugs to increase their toxicity, or can alter microbial 
flora to cause infection by organisms that are normally saprophytic [17].

The majority of cytostatic agents (like: melphalan, nitrosourea, etoposide) are potentially 
carcinogenic. Certain tumors have been triggered by chemotherapy. Furthermore, some 
cytostatic agents have an immunosuppressive effect which renders the organism unable to 
eliminate mutated cells efficiently.

Owing to increased survival rates after chemotherapy, some patients develop years after 
primary therapy secondary malignancy. Most of secondary malignancies appear in the first 
10 years after chemotherapy, especially after alkylating agents or nitrosourea derivatives. Of 
the alkylating agents, ALKERAN (melphalan), also known as L-phenylalanine mustard, phe-
nylalanine mustard, LPAM, or L-sarcolysin, is a phenylalanine derivative of nitrogen mustard. 
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According to previous studies, alkylating agents such as cyclophosphamide, melphalan or 
procarbazine have the strongest leukemogenic potential [18].

3.6. Pesticides

Pesticides are a group of biologically active natural and synthetic chemicals, which are used 
to kill unwanted harmful insects, fungi, rodents and plants. All pesticides contain biologically 
active compounds that are purposely designed to interfere with normal biologic processes in 
target organisms. Therefore, individuals exposed to certain pesticides may be at risk to the 
development of certain cancers. Exposure to these pesticides could be through occupational 
exposures, the ingestion of contaminated food and water, by absorption through the skin, or 
by inhalation during application [19].

Currently, evidence supports that pesticides containing arsenic and ethylene oxide have 
the potential to cause cancer in humans. Pesticides may cause cancers by affecting cellular 
proliferation, apoptosis, and cell communication and inducing oxidative stress through non-
genotoxic mechanisms. For example, 1,1,1-Trichloro-2,2-bis(p-chlorophenyl)-ethane (DDT) is 
one of the most well-known organochlorine carcinogenic pesticides. DDT tumorigenesis has 
been shown to be caused by tissue damage through oxidative mechanisms, alter cell signaling 
pathways (MAPK) that regulate growth, or activate the oncogene erb-B2 [20].

Though DDT was banned in the United State in the early 1970s, it is still used in other coun-
tries, and high levels of DDT has been detected in air, water, soil, plants, animals, and human 
tissues. The organochlorine pesticide 1,1,1-trichloro-2,2-bis (p-chlorophenyl)-ethane (DDT), is 
a well-known and widely dispersed “environmental estrogen” (World Health Organization 
Criteria no. 9; Geneva, Switzerland (1979)”.

3.7. Arsenic

Inorganic arsenic has been suggested to be a human carcinogen since 1977. Arsenic is emitted 
into the atmosphere mainly from anthropogenic sources and a small amount from natural 
sources. Individuals may be exposed to arsenic compounds through contaminated food and 
drinking water or air emissions from industrial facilities that manufacture pesticides, glass, 
and cigarette tobacco [21].

Evidence suggests that there is a strong association between arsenic exposure and the devel-
opment of skin, lung, bladder, kidney, liver, and colon cancers. The mechanism by which 
arsenic causes cancer is not well understood. It has been proposed that Arsenic does not inter-
act with DNA, but indirectly causes chromosome aberrations, genomic instability, and aber-
rant DNA methylation in promoter regions of genes [22].

3.8. Dioxins

Dioxins are a group of structurally related compounds produced from industrial and com-
bustion activities such as bleaching of paper, the manufacture of some pesticides, waste 
incineration, and fuels burning. They could be released from natural sources such as volcanic 
eruptions and forest fires. Dioxins are found in air, soil, water and food sources. Sufficient 
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evidence from human epidemiologic and mechanistic studies showed an association between 
dioxins and various cancers including soft tissue sarcoma, lymphoma, leukemia, and Hodgkin 
disease. TCDD is the well-studied dioxin, which is known to be human carcinogen [23].

The mechanism responsible for dioxin-mediated carcinogenesis is via activation of the aryl 
hydrocarbon (Ah) receptor resulting in a wide spectrum of biologic responses, including 
altered metabolism, growth, and differentiation. It has been suggested that Dioxin alters mul-
tiple integrated cell signaling pathways, namely, the MAPK-ERK pathway through activation 
of tumor necrosis factor-alpha (TNF-a) and epidermal growth factor (EGF). Others suggested 
mutations in the proto-oncogene H-ras [24].

3.9. Asbestos

Asbestos is a group of six naturally occurring fibrous silicate minerals, namely: chrysotile, 
actinolite, amosite, anthophyllite, crocidolite, and tremolite. Chrysotile constitutes about 90% 
of the commercially used asbestos worldwide. Asbestos is released into the environment from 
natural and man-made sources and has been detected in air, soil, drinking water, food, and 
medicines. Asbestos toxicity occurs after a long latent period of about 15–40 year after initial 
fiber exposure. Occupational exposure to any type of asbestos increases the risk of lung cancer 
and mesothelioma [25].

More than 50 countries have banned the mining and/or use of all types of asbestos. However, 
past and current occupational asbestos exposures, and non-occupational domestic asbestos 
exposure originating from existing buildings that contain enormous amounts of the fibers 
and neighborhood exposures in communities living near asbestos mining, remains a global 
health challenge [26].

The carcinogenesis of asbestos is not fully understood. However, asbestos is a genotoxic agent 
that can induce direct DNA damage, gene transcription, and protein expression important in 
modulating cell proliferation, cell death, and inflammation [25].
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Abstract

The commonest saying goes as “cancer has no answer,” we have really come a long way 
in that aspect. From being able to detect and diagnose the disease early, effective treat-
ment modalities, improvement in therapeutic outcome and even effective palliative mea-
sures. The research focus emphasized upon detecting preventable risk factors. Tobacco 
a Global culprit is often discussed as the most important risk factor for cancer. Modern 
day life and with its so-called stress measures are the ones often been blamed without a 
concrete scientific evidences. Psychological makeup of a person, emotional stress and cel-
lular phones are intricately associated with a modern lifestyle. In this chapter we would 
be focusing upon the causal relationship between these factors and malignancy with 
available scientific literature. At the end we would present possible measures to avoid 
them and any future research areas to be looked upon.

Keywords: cancer, emotional stress, psychological factors, cellular phones, modern 
lifestyle, habituation, modifiable risk factors

1. Introduction

Cancer is a term coined by the great Greek physician Hippocrates (460–370 BC). He is consid-
ered the “Father of Medicine.” Hippocrates used the terms carcinos and carcinoma to describe 
non-ulcer forming and ulcer-forming tumors. Later on Galen (130–200 AD), another Roman 
physician used the term oncos (Greek for swelling) to describe tumors. Oncos is the root word 
for oncology or study of cancers.

It has been described in ancient mummies and over several years it has awakened a sense of 
fear and loss among the Human race. However technology also progressed at a rapid rate 
and main therapeutic modalities to treat cancer become a triad of surgery, chemotherapy and 
radiotherapy.
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Parallel to these early diagnosis and preventive measures have also been researched in a large 
scale. This brings us to a domain called etiological factors for cancer. Tobacco has been linked 
to all head and neck cancers, esophageal cancers, bladder cancer especially, whereas dietary 
factors are predominant in breast and colon malignancies [1–5]. Interestingly few of the litera-
ture dates even more than 50 years back and current data also includes personal sexual behav-
ior, Human papilloma virus infection (HPV) and tobacco in smokers as known risk factors.

These are often mentioned and often discussed issues. Effective strategies in cases of known 
risk factors have also been developed. Cancer vaccine is one such preventive step. In the 
case of cervical cancer a preventable vaccine is also been developed and shows promising 
outcome [6, 7].

Modern day lifestyle also brings along stress in terms if not only physical factors but also 
emotional issues. Low mood, depression and chronic anhedonia are household terns these 
days. There have been infrequent reports regarding emotional stress being causative factor 
for cancer [8–10]. Till date this is an important issue which lacks concrete evidence.

The other modern day risk being cellular phones aka mobile phones. Childhood brain tumors 
have been linked to it in several reports and it might have some significance. But again a large 
database and definite evidence is still to come out [11–13].

In this section we would elaborate the available literature related to these two less discussed 
etiologies of cancer viz. emotional/psychological stress and cellular phones. We would try and 
find if at all any link exists between them and related issues as per different sites of cancers.

2. Emotional stress

2.1. Introduction

Emotional stress, psychological factors or stressful life events these terms are often used inter-
changeably. Whatever may be the definition it has long been speculated to be linked to cancer 
development? The assumption of an association between stress and cancer is popular in the 
lay public [14]. Long back in 1992 Baghurst et al. described preventable issues but most of 
them were diet related. There was however a mention about environmental factors but emo-
tional stress was not highlighted. Doll and Peto in 1985 also elaborate the dietary risk factors 
in different cancers and incidentally stress was highlighted to be a major contributory factor 
in colon, lung and breast cancers [15].

2.2. Definition

World Health Organization (WHO) defined health as “a state of complete physical, mental 
and social well-being and not merely the absence of disease or infirmity” [16]. With over half 
a decade and World witnessing several changes the WHO definition also should focus on 
the ability to adapt and self-manage in face of social, physical, and emotional challenges [17]. 
With the change in socio-cultural and demographic profile across world social support and 
emotional stress were linked to chronic diseases. As per American Psychosomatic Society 
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social support is defined as “information leading the subject to believe that he is cared for and 
loved, esteemed, and a member of a network of mutual obligations [18].” The article enumer-
ates that social support can protect people during crisis from a wide variety of pathological 
states like low birth weight to death, from arthritis through tuberculosis to depression, alco-
holism, and the social breakdown syndrome. It has bigger implications like reduction in the 
amount of medication required, acceleration of recovery and compliance to medical regimens 
prescribed. These data never actually stated development of cancer related to social stress.

2.3. Pathophysiology

Psychological health itself is a difficult domain to assess. Aspects of psychological well-being like 
self-acceptance, positive relations with others, autonomy, environmental mastery, purpose in life 
and personal growth were mainly analyzed [19]. All these give a hint of link to chronic disorder 
and may be malignancy but without much evidence. Long back Evans suggested that the death 
of a spouse or other close relation could be an important cause of cancer. It was stated that “can-
cer is a miscarriage of this driving force, under the influence of the collective unconscious which 
is unrestrained after the patient has given up hope and interest in life (when the objective attach-
ment is broken), that is, after the conscious has given up the struggle with the unconscious” [20]. 
However the study also could not establish a direct link. There is also no physiological mecha-
nism to account for an increase in the incidence of or mortality from cancer after stressful events 
has yet to be specified in detail [8]. Loss of an important emotional relationship has been identi-
fied in several studies as an event with a high risk of subsequent illness [20–22]. Psychological 
stress activates the nervous system and the hypothalamic-pituitary-adrenal axis, leading to 
release of hormones such as glucocorticoids and norepinephrine. It has been shown that stress 
and the subsequent hormonal dysfunction can cause impairment of DNA repair and hence can 
suppress the immune system. Additionally, stress may lead to epigenetic silencing: altering DNA 
methylation and histone acetylation and all these are important in tumor development [23–25].

There is a separate discipline which studies these factors and called as psychoneuroimmunol-
ogy. The multistep immune reactions are either inhibited or enhanced as a result of previous 
or parallel stress experiences, depending on the type and intensity of the stressor. As a rule 
both stressors and depression are associated with the decreased cytotoxic T-cell and natural-
killer-cell activities. This further affect processes such as immune surveillance of tumors. This 
will lead to the events that modulate development and accumulation of somatic mutations 
and genomic instability [24].

From the time of the ancient Greeks, there has been an interest in the relationship between 
psychological states and cancer. Epidemiologic evidences have supported the role of biobe-
havioral risk factors in cancer progression. These are namely social adversity, depression, and 
stress. This is important both in initiation and progression phases [26, 27].

Early research on central nervous system (CNS) effects on cancer predominantly focused on 
the following:

a. Down-regulation of the immune response as a potential mediator of impaired surveillance 
for metastatic spread [27–31].

b. Stress effects on DNA repair [32, 33].
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It is to be understood that there is no singular system available in explaining the biological 
effects of stress pathways on cancer progression. Over the last 10 years, the focus of mechanis-
tic biobehavioral oncology research has broadened and it includes examination of the effects 
of stress on (a) tumor angiogenesis; (b) invasion and anoikis; (c) stromal cells in the tumor 
microenvironment, and (d) inflammation [27].

The salient features and how they affect immune system and cancer development or progres-
sion is enumerated in Table 1.

Biobehavioral  
factors

Main cause Pathophysiology Implications

Cellular immune 
response in cancer 
progression  
[34, 35]

Negative psychosocial 
states, such as chronic 
stress, depression, and 
social isolation

Down-regulation of the cellular 
immune response, mediated 
largely by adrenergic and 
glucocorticoid signaling

1. Depression has also been 
associated with a poorer 
cellular immune response 
to specific antigens in 
breast cancer
2. One study reported that 
depressed patients with 
hepatobiliary carcinoma 
had lower NK cell numbers 
and shorter survival 
compared to their non-
depressed counterparts [36]

Angiogenesis and 
invasion [37–40].

Cancer-related mortality 
largely results from the 
spread of cancer cells 
from the primary tumor to 
other sites in the body, a 
process called metastasis. 
Successful metastatic 
spread requires several 
sequential steps, including 
angiogenesis, proliferation, 
invasion, embolization, 
and colonization of a new 
secondary site

Angiogenesis: this process is  
tightly controlled by a variety 
of positive and negative 
factors secreted by both tumor 
and host cells in the tumor 
microenvironment

Stress hormones such as 
norepinephrine (NE) have 
been shown to induce 
production of IL-6 and IL-8 by 
ovarian cancer and melanoma 
cells demonstrating effects of 
stress response pathways on 
tumor signaling mechanisms

Stress effects on 
anoikis [41–44]

Anoikis is the normal 
process of programmed cell 
death (apoptosis) occurring 
when anchorage-dependent 
cells become separated 
from the ECM. Cancer cells 
acquire the ability to resist 
anoikis, thus enhancing 
their ability to migrate, 
re-attach, and establish 
themselves in secondary 
sites

Catecholamines were found 
to protect ovarian cancer cells 
from anoikis, both in vitro and 
in vivo. These effects were 
mediated by focal adhesion kinase 
(FAK), a tyrosine kinase that 
promotes cell adhesion, which 
demonstrated increased activation 
(phosphorylation of pFAKY397) 
in response to NE. Clinically, 
elevated levels of pFAKY397 were 
observed in the tumor tissue of 
ovarian cancer patients reporting 
depression and those with higher 
levels of tumor NE

Ovarian cancer progression
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2.4. Childhood cancers

It is altogether a different entity. Investigators have tried to assess the link between early 
life stress and development of childhood cancers. It is a unique scenario and in developed 
countries it is a leading cause of child deaths. Almost half of childhood cancers are diagnosed 
before 5 years of age and thus the importance of identifying early life risk factors for develop-
ing prevention strategies [50–53]. There is a certain physiological aspect also but like in adults 
the pathways are not very clear.

Large population-based cohort studies from Denmark and Sweden showed a small but sta-
tistically significant overall increased risk of childhood cancer was observed among children 
exposed to bereavement owing to the death of a family member. Exposure was also associ-
ated with CNS tumors and leukemia [53].

Biobehavioral  
factors

Main cause Pathophysiology Implications

Stromal cells 
in the tumor 
microenvironment 
[43–46]

Tumor growth is to a 
large extent shaped and 
promoted or inhibited 
by signaling between 
tumor cells and the cells 
of the microenvironment. 
In addition to effects of 
stress hormones on tumor 
cells, there are marked 
effects on host cells such as 
macrophages in the tumor 
microenvironment

Monocytes are drawn to the 
tumor microenvironment by 
tumor-derived chemotactic 
factors and then differentiate 
into macrophages. However, 
under the influence of the pro-
inflammatory microenvironment, 
macrophages are induced to shift 
from their phagocytic phenotype 
to a pro-tumor phenotype that 
produces tumor promoting factors 
such as VEGF and MMPs, while 
simultaneously down-regulating 
the cellular immune response by 
production of immunosuppressive 
cytokines such as IL-10 and 
TGFβ (75–78). TAMs are thus 
directly involved in promoting 
angiogenesis, tumor proliferation, 
invasion, metastases, and down-
regulation of adaptive immunity. 
TAM infiltration is also associated 
with poorer survival

In ovarian cancer patients, 
biobehavioral risk factors 
that have been associated 
with higher NE levels, such 
as depression and stress

Glucocorticoid 
dynamics and 
cancer progression 
[47–49]

Glucocorticoids can directly 
mediate processes promoting 
tumor growth as well. Cortisol has 
been shown to stimulate growth 
of prostate cancer cells (85) and to 
enhance proliferation of human 
mammary cancer cells by nearly 
two-fold

In a murine breast cancer 
model, social isolation 
induced an elevated 
corticosterone stress 
response, greater tumor 
burden and alterations 
in gene expression in 
metabolic pathways that 
are known to contribute to 
increased tumor growth

Table 1. Stress and different pathophysiology.
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2.5. Conclusion

There is a definite correlation between stress and immunologic pathways for development 
of cancer and also for progression. In the clinical literature, lack of perceived social support 
is a factor that emerges repeatedly in associations with biological variables related to can-
cer progression, and social isolation has shown similar effects in the preclinical literature. 
Understanding what it is about social relationships that underlie these associations will be 
important in future research. Additional questions include the following: How much stress, 
in terms of thresholds or chronicity, is needed to modulate tumor-related pathways?

Many clinical studies even if prospective have failed to highlight life time stress as causative 
factor for cancer. The results of a large, prospective, population-based study therefore do not 
support the hypothesis that life stress, when defined as stressful life events, increases the risk 
for developing cancer [10].

3. Cellular phones

3.1. Introduction

There are three main reasons why people are concerned that cell phones (also known as 
“mobile” or “wireless” telephones) might have the potential to cause certain types of cancer 
or other health problems. Various literature reviews actually gives a very conflicting results. 
The exposure among pediatric and adult population is different and so as the outcome. As a 
potential etiology for cancer, cellular phones are yet to be regarded as common pathogens. 
As Munshi et al. describes “Centuries ago, we advanced from pigeons to postal services as a 
more modern means to communicate. Since then, communication has made quantum leaps, 
buoyed by the successes in physics and technology. From crude telephone sets to modern 
landline, cordless phones and finally cellular phones” [11].

3.2. Background knowledge

Mobile phones first came to use in the early 1990s for professional work-related reasons, and 
henceforth have attained tremendous growth, becoming able symbols for consumer status 
and needs. At present, nearly 5 billion people worldwide own cellular phones. India herself 
can boast of 800 million cellular phone users [54].

Another review by Munshi and Jalali highlighted how the fear of cellular phones and cancer 
develop. A decade ago a man in Florida, US sued a cell phone company alleging it lead to 
brain tumor in his wife [55]. The scientific evidence shows that mobile phones emit elec-
tromagnetic radiation (radiofrequency, RF) that is essentially non-ionizing. (frequencies 
between 300 MHz and 300 GHZ) [56–58]. The specific absorption rate (SAR) measures the 
energy dose that subjects exposed to RF absorb and is expressed in power (watts) by tissue 
mass (kilograms) [W/kg]. Effects of this dose deposition by use of cellular phones, however, 
take long to manifest. In some cases, this duration may be 10 years or more.
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In general public there can be 3 reasons of concern:

a. Cell phones emit radiofrequency energy (radio waves), a form of non-ionizing radiation, 
from their antennas. Tissues nearest to the antenna can absorb this energy.

b. The number of cell phone users has increased rapidly. As of December 2014, there were 
more than 327.5 million cell phone subscribers in the United States, according to the Cellu-
lar Telecommunications and Internet Association. This is a nearly threefold increase from 
the 110 million users in 2000. Globally, the number of subscriptions is estimated by the 
International Telecommunications Union to be 5 billion.

c. Over time, the number of cell phone calls per day, the length of each call, and the amount 
of time people use cell phones have increased. However, improvements in cell phone tech-
nology have resulted in devices that have lower power outputs than earlier models [59].

It is to be noted that cell phones are often held tightly against the head. Electromagnetic radiation 
is governed by an interesting law known as the inverse square law. This essentially means that if 
we increase distance from the source by a factor of 2, the exposure gets reduced by 1/4th. It is for 
this reason, that distance from the device is a critical factor which decides the exposure received 
from a particular device. It is for the same reason that, if indeed a true risk exists, children would 
be at particular risk because their skulls are thinner. Also the cumulative lifetime exposure of 
children to cell phones would likely be greater than the exposure of current adults [11].

3.3. Clinical studies

Most of the work in cancer etiology and cellular phones has been based on brain tumors and 
parotid/salivary gland tumors because of the vicinity between these structures and cellular 
phone when used by an individual. Among brain tumors also most studies linked to glioma, 
meningioma and acoustic neuroma/schwannomas [11, 55].

There has been a meta-analysis published in JCO in 2009 about cellular phones and cancer 
risk. Myung et al. have selected initial 465 articles meeting their criteria and finally 23 case-
control studies, which involved 37,916 participants were chosen. They found that a signifi-
cant positive association (harmful effect) was observed in a random effects meta-analysis of 
eight studies using blinding, whereas a significant negative association (protective effect) was 
observed in a fixed-effects meta-analysis of 15 studies not using blinding. Mobile phone use of 
10 years or longer was associated with a risk of tumors in 13 studies reporting this association 
(odds ratio = 1.18; 95% CI, 1.04–1.34) [60].

In reply to the above Stang et al. Criticized these random effects and have pointed out flaws 
related to the methodology. They have also highlighted their own data from uveal melanoma. 
After their initial case report they carried out case-control study on uveal melanoma focus-
ing on mobile phone use and used the same detailed exposure assessment as the Interphone 
study used. The authors could not corroborate their previous results that showed an increased 
risk of uveal melanoma among regular mobile phone users. They accepted that probabilistic 
multiple error sensitivity analyses to evaluate the potential of exposure misclassification bias 
and selection bias did not explain the null result [61, 62].
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lar Telecommunications and Internet Association. This is a nearly threefold increase from 
the 110 million users in 2000. Globally, the number of subscriptions is estimated by the 
International Telecommunications Union to be 5 billion.
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from a particular device. It is for the same reason that, if indeed a true risk exists, children would 
be at particular risk because their skulls are thinner. Also the cumulative lifetime exposure of 
children to cell phones would likely be greater than the exposure of current adults [11].

3.3. Clinical studies

Most of the work in cancer etiology and cellular phones has been based on brain tumors and 
parotid/salivary gland tumors because of the vicinity between these structures and cellular 
phone when used by an individual. Among brain tumors also most studies linked to glioma, 
meningioma and acoustic neuroma/schwannomas [11, 55].

There has been a meta-analysis published in JCO in 2009 about cellular phones and cancer 
risk. Myung et al. have selected initial 465 articles meeting their criteria and finally 23 case-
control studies, which involved 37,916 participants were chosen. They found that a signifi-
cant positive association (harmful effect) was observed in a random effects meta-analysis of 
eight studies using blinding, whereas a significant negative association (protective effect) was 
observed in a fixed-effects meta-analysis of 15 studies not using blinding. Mobile phone use of 
10 years or longer was associated with a risk of tumors in 13 studies reporting this association 
(odds ratio = 1.18; 95% CI, 1.04–1.34) [60].

In reply to the above Stang et al. Criticized these random effects and have pointed out flaws 
related to the methodology. They have also highlighted their own data from uveal melanoma. 
After their initial case report they carried out case-control study on uveal melanoma focus-
ing on mobile phone use and used the same detailed exposure assessment as the Interphone 
study used. The authors could not corroborate their previous results that showed an increased 
risk of uveal melanoma among regular mobile phone users. They accepted that probabilistic 
multiple error sensitivity analyses to evaluate the potential of exposure misclassification bias 
and selection bias did not explain the null result [61, 62].
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The Interphone study group published the outcomes of an interview-based, case-control 
study with 2708 glioma and 2409 meningioma cases and matched controls. The study was 
conducted in 13 countries using a common protocol. The result of the study suggested that 
no increase in risk of glioma or meningioma was observed with use of mobile phones [63]. 
The cell phone companies faced these challenges and as of now they claim that Cell phone 
technology too is rapidly advancing and the electromagnetic exposure is progressively less 
with newer phones [64].

The World Health Organization (WHO) set up an expert panel to evaluate the effect of 
cell phones on the human body. On May 31, 2011 the expert panel said that cell phones 
might possibly cause side effects. The International Agency for research on Cancer (IARC) 
panel found cell phones to be “possibly carcinogenic,” and stated that heavy cell phone 
use might or might not cause glioma [65]. Further in 2015 it was declared in a multicentric 
study that cell phone radiation can cause brain tumors and this to be categorized as prob-
able human carcinogen category 2A. This study stated that previous IARC classification 
of Group 2B (possible) carcinogen in 2011 should be reclassified as a Group 2A (probable) 
carcinogen [12].

The basis of the above was another large scale epidemiologic study called CERENAT study 
which was a French case-control study of cases ≥16 years of age diagnosed between June 
2004 and May 2006 included 253 glioma and 194 meningioma cases with two age- and gen-
der-matched controls per case selected between 2005 and 2008. They included Potential con-
founders such as the level of education, smoking, alcohol consumption, and occupational 
exposures to pesticides, extremely low frequency electromagnetic fields (ELF-EMF), radio-
frequency electromagnetic fields (RF-EMFs), and ionizing radiation. Risks of glioma were 
reported for ̔heavy mobile phone use (≥896 cumulative hours of use). When heavy mobile 
phone use̓ was examined by years since first use, glioma risk increased from >1 year since first 
use, to >2 years and to >5 years, OR 2.89, [95% confidence interval (CI) 1.41–5.93], OR 3.03, 
(95% CI 1.47–6.26), and OR 5.30, (95% CI 2.12–13.23), respectively. There was a borderline sig-
nificant risk for glioma in the temporal lobe. This study also suggested risk for meningioma 
but lesser than glioma [66].

Interestingly these EM radiations can both initiate and promote tumor progression. In an 
Australian study of regional hospital-based data for the years 2000–2008, Dobes et al. stated, ̔a 
significant increasing incidence in glioblastoma multiforme (GBM) was observed in the study 
period particularly after 2006 ̓ [67]. An increasing incidence of brain tumors during 2003–2012, 
41.2% among men and 46.1% in women has been noted in Denmark, cases of GBM nearly 
doubled in the previous 10 years [68].

3.4. Precautions

Munshi and Jalali have beautifully highlighted how we can take few precautions. (1) Use 
the cell phone whenever it is really needed. For most routine work and casual talks, use 
the regular landline connection. (2) Discourage children from excessive use of cell phones. 
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(3) Whenever possible, use a wired ear piece connected to the cell phone. (4) Avoid cell 
phone use when the signal is weak. (5) Consider alternating between left and right ear while 
talking on cell phone. (6) Use texting (SMS) instead of calling when possible [55]. Morgan 
et al. also stated that until further evidence is available, it is prudent to follow the ALARA 
standard used in pediatric radiology. The ALARA approach would require hardware and 
software designers to create proximity sensors and embed flash notices regarding simple 
advisories about safer use within devices [12].

3.5. Conclusion

The data regarding cellular phone usage and cancer risk is ever emerging. We have some 
progress towards stronger association as IARC classification changed. As time advances 
newer and more mature results will come up. At the same time it is also true that a billionaire 
cellular phone Industry will also come up with safer devices. We will also need prospective 
data as the major limitation of epidemiological studies addressing the health effects of mobile 
phone use is related to exposure assessment. These limitations are inherent in case-control 
studies [69]. Borrowing the lines from Munshi et al. “it may be some time before we know 
if the friendly gizmos in our hands have the ability to cause aggressive tumors, for the time 
being, you have the free choice—to talk or not to talk” [11].
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