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There has been increased concern surrounding exposure to heavy metals due to the evolving
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.
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1. Introduction

FREE

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.
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2. Aluminum
Aluminum is a unique heavy metal with numerous pathways of exposure. Exposure to this
element 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]. Specific commercial products containing aluminum salts include certain antacids and
antiperspirant deodorants [1, 2, 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, 2, 3]. This heavy metal was also
hypothesized 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
determined that subjecting human breast cells to aluminum had the potential to induce
uncontrolled 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 displayed 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 following 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 desferrioxamine [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 effective 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 significant levels of aluminum from copper mining waste at the
experimental stage [7].

A DVERTISEMENT

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, 9, 10, 11] Common occupations where
arsenic 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 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
reactive oxygen species (ROS), epigenetic alterations and damage to the dynamic DNA

maintenance 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
carcinogenesis [16]. Arsenic displayed a specific mechanism of action against human lung
epithelial 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
inappropriate proliferation was attributed to this mechanism [17]. Further examination of
arsenic revealed its ability to reduce intracellular concentrations of glutathione, a natural
antioxidant [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 morphology 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 poisoning [22]. This therapy resulted in successful treatment with limited
side effects, which suggests 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 significantly reduce the concentration of arsenic in
rice by inducing its precipitation [24, 25].

A DVERTISEMENT

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 general
method of exposure for this contaminant, current research is investigating its role in lung
carcinogenesis [27, 28, 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, 29, 30]. Furthermore, an increased risk of lung cancer was observed in
individuals 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 factor alpha (TNF-α) cytokine secretion from CD4+ T-cells in the
lungs [30, 34]. Both of these proteins 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 therapy 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, 36, 37]. Also, the chelator meso-2,3-dimercaptosuccinic
acid (DMSA) was used in a case study to successfully save a child suffering 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
instituted to screen blood samples for beryllium sensitization during employment as well as
providing 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].

A DVERTISEMENT

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 pollution
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
cadmium 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].
Exposure to cadmium has been associated with carcinogenesis in multiple tissues including
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 standard 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 affinity 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 measure 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 apoptosis 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].

A DVERTISEMENT

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 cycle through contaminated produce [57, 58, 59]. Despite being banned from use in
commercially available gasoline in 1995, lead is still added to aviation fuel [59]. This source of
environmental 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 exposure 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 individuals with exocrine pancreatic cancer, suggesting an unknown
mechanism in the development of this cancer [15].
Current literature has not displayed a comprehensive understanding of carcinogenic
mechanisms of lead; however, plausible mechanisms have been proposed. Based on the
present understanding of lead, it was hypothesized to support the carcinogenic process by
disrupting 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 ethylenediaminetetraacetic 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 concentration 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 sources, followed by removal or avoidance, constitutes
the ideal solution to reduce exposure to this heavy metal [64].

A DVERTISEMENT

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,
dental 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 mercury 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
mercury exposure may be associated with renal cancer due to this organ being a target for
this element [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
mechanisms of mercury that are either unique to this metal or not observed in most heavy
metals. 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
mechanism 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
mercury. 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 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].

A DVERTISEMENT

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 occupational exposure to nickel include mining, metal alloys and the refinement of
nickel [76, 77, 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 carcinogenesis 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, suggesting 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 pancreatic 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
recognized for their role in carcinogenesis [81]. It has also been demonstrated that nickel can
generate 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]. 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 recommended 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].

A DVERTISEMENT

9. Radium

Radium is a radioactive heavy metal that can negatively impact health. This ionizing
radiation results from radium decaying into toxic radon gas [91]. Occupational and
environmental 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 contamination [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 radium’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
correlated 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 substances require the oversight of a dermatologist [95].

A DVERTISEMENT

10. Conclusion
Heavy metals exhibit an immense range of toxic effects in humans with regard to
carcinogenesis. 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.

Ads By

INVEST IN YOUR HEALTH

A Teaspoon On An Empty
Stomach Burns 11 Lbs Of
Fat Per Week

If You Eat Oatmeal Every
How To Get Rid of Spider
Day, This Is What Happens Veins Naturally (Try
Tonight)
Total Restore

Women Life Wellness

VeriClear

Top Surgeon: Try This At
Home If You Have
Thinning Brows

Just 1 Cup Before Bed
Burns Belly Fat All Night
Long

Bladder Leakage? Don't
Use Depend, Try This
Instead

Brow Enhancing Serum

Health Code

Because Market

References
1 Mandriota SJ, Tenan M, Ferrari P, Sappino AP. Aluminium chloride promotes
. tumorigenesis and metastasis in normal murine mammary gland epithelial cells.
International Journal of Cancer. 2016;139(12):2781-2790. DOI: 10.1002/ijc.30393
2 Darbre PD. Aluminium and the human breast. Morphologie. 2016;100(329):65-74. DOI:
. 10.1016/j.morpho.2016.02.001
3 Farasani A, Darbre PD. Effects of aluminium chloride and aluminium chlorohydrate on
. DNA repair in MCF10A immortalised non-transformed human breast epithelial cells.
Journal of Inorganic Biochemistry. 2015;152:186-189. DOI: 10.1016/j.jinorgbio.2015.08.003

4 Roncati L, Gatti AM, Capitani F, Barbolini G, Maiorana A, Palmieri B. Heavy metal
. bioaccumulation in an atypical primitive neuroectodermal tumor of the abdominal wall.
Ultrastructural Pathology. 2015;39(4):286-292. DOI: 10.3109/01913123.2015.1013655
5 Abdel-Gawad M, Elsobky E, Shalaby MM, Abd-Elhameed M, Abdel-Rahim M, Ali-El-Dein
. B. Quantitative evaluation of heavy metals and trace elements in the urinary bladder:
Comparison between cancerous, adjacent non-cancerous and normal cadaveric tissue.
Biological Trace Element Research. 2016;174(2):280-286. DOI: 10.1007/s12011-016-0764-6
6 Yokel RA. Aluminum chelation: Chemistry, clinical, and experimental studies and the
. search for alternatives to desferrioxamine. Journal of Toxicology and Environmental
Health. 1994;41(2):131-174. DOI: 10.1080/15287399409531834
7 Ambiado K, Bustos C, Schwarz A, Bórquez R. Membrane technology applied to acid mine
. drainage from copper mining. Water Science and Technology. 2016;75(3):705-715. DOI:
10.2166/wst.2016.556
8 Martinez VD, Vucic EA, Becker-Santos DD, Gil L, Lam WL. Arsenic exposure and the
. induction of human cancers. Journal of Toxicology. 2011;2011:1-13. DOI:
10.1155/2011/431287
9 Bjørklund G, Aaseth J, Chirumbolo S, Urbina MA, Uddin R. Effects of arsenic toxicity
. beyond epigenetic modifications. Environmental Geochemistry and Health. 2017;39:1-11
DOI: 10.1007/s10653-017-9967-9
1 Chakraborti D, Das B, Rahman MM, Nayak B, Pal A, Sengupta MK, Ahamed S, Hossain
0 MA, Chowdhury UK, Biswas BK, Saha KC, Dutta RN. Arsenic in groundwater of the
. Kolkata Municipal Corporation (KMC), India: Critical review and modes of mitigation.
Chemosphere. 2017;180:437-447. DOI: 10.1016/j.chemosphere.2017.04.051
1 Nachman KE, Ginsberg GL, Miller MD, Murray CJ, Nigra AE, Pendergrast CB. Mitigating
1 dietary arsenic exposure: Current status in the United States and recommendations for an
. improved path forward. Science of the Total Environment. 2017;581-582:221-236. DOI:
10.1016/j.scitotenv.2016.12.112
12 Pershagen G. The carcinogenicity of arsenic. Environmental Health Perspectives.
. 1981;40:93-100. DOI: 10.2307/3429223
1 Chen K, Liao QL, Ma ZW, Jin Y, Hua M, Bi J, Huang L. Association of soil arsenic and
3 nickel exposure with cancer mortality rates, a town-scale ecological study in Suzhou,
. China. Environmental Science and Pollution Research. 2014;22(7):5395-5404. DOI:
10.1007/s11356-014-3790-y
1 Satarug S, Vesey DA, Gobe GC. Kidney cadmium toxicity, diabetes and high blood
4 pressure: The perfect storm. The Tohoku Journal of Experimental Medicine.
. 2017;241(1):65-87. DOI: 10.1620/tjem.241.65
1 Amaral AF, Porta M, Silverman DT, Milne RL, Kogevinas M, Rothman N, Cantor KP,
5 Jackson BP, Pumarega JA, López T, Carrato A, Guarner L, Real FX, Malats N. Pancreatic
. cancer risk and levels of trace elements. Gut. 2011;61(11):1583-1588. DOI:
10.1620/tjem.241.65
1 Cui J, Xu W, Chen J, Li H, Dai L, Frank JA, Peng S, Wang S, Chen G. M2 polarization of
6 macrophages facilitates arsenic-induced cell transformation of lung epithelial cells.
. Oncotarget. 2017;8(13):21398-21409. DOI: 10.18632/oncotarget.15232
1 Park YH, Kim D, Dai J, Zhang Z. Human bronchial epithelial BEAS-2B cells, an appropriate
7 in vitro model to study heavy metals induced carcinogenesis. Toxicology and Applied
. Pharmacology. 2015;287(3):240-245. DOI: 10.1016/j.taap.2015.06.008
1 Hall MN, Niedzwiecki M, Liu X, Harper KN, Alam S, Slavkovich V, Ilievski V, Levy D,
8 Siddique S, Parvez F, Mey JL, van Geen A, Graziano J, Gamble MV. Chronic arsenic
. exposure and blood glutathione and glutathione disulfide concentrations in Bangladeshi
adults. Environmental Health Perspectives. 2013;121(9):1068-1074. DOI:
10.1289/ehp.1205727
1 Sykora P, Snow ET. Modulation of DNA polymerase beta-dependent base excision repair
9 in cultured human cells after low dose exposure to arsenite. Toxicology and Applied
. Pharmacology. 2008;228(3):385-394. DOI: 10.1016/j.taap.2007.12.019
2 He J, Wang F, Luo F, Chen X, Jiang W, Huang Z, Lei J, Shan F, Xu X. Effects of long term
0 low- and high-dose sodium arsenite exposure in human transitional cells. American
. Journal of Translational Research. 2017;9(2):416-428
2 Harper LK, Bayse CA. Modeling the chelation of As(III) in lewisite by dithiols using
1 density functional theory and solvent-assisted proton exchange. Journal of Inorganic
. Biochemistry. 2015;153:60-67. DOI: 10.1016/j.jinorgbio.2015.10.004
2 Lu PH, Tseng JC, Chen CK, Chen CH. Survival without peripheral neuropathy after
2 massive acute arsenic poisoning: Treated by 2,3-dimercaptopropane-1-sulphonate. Journal
. of Clinical Pharmacy and Therapeutics. 2017;42(4):506-508. DOI: 10.1111/jcpt.12538
2 Mandal P. Molecular insight of arsenic-induced carcinogenesis and its prevention.
3 Naunyn-Schmiedeberg's Archives of Pharmacology. 2017;390(5):443-455. DOI:
. 10.1007/s00210-017-1351-x
2 Stanton BA, Caldwell K, Congdon CB, Disney J, Donahue M, Ferguson E, Flemings E,

4 Golden M, Guerinot ML, Highman J, James K, Kim C, Lantz RC, Marvinney RG, Mayer G,
. Miller D, Navas-Acien A, Nordstrom DK, Postema S, Rardin L, Rosen B, Sengupta A, Shaw
J, Stanton E, Susca P. MDI biological laboratory arsenic summit: Approaches to limiting
human exposure to arsenic. Current Environmental Health Reports. 2015;2(3):329-337. DOI:
10.1007/s40572-015-0057-9
2 Spanu A, Daga L, Orlandoni AM, Sanna G. The role of irrigation techniques in arsenic
5 bioaccumulation in rice (Oryza sativa L.). Environmental Science & Technology.
. 2012;46(15):8333-8340. DOI: 10.1021/es300636d
2 Nogaj E, Kwapulinski J, Misiołek M, Golusiński W, Kowol J, Wiechuła D. Beryllium
6 concentration in pharyngeal tonsils in children. Annals of Agricultural and Environmental
. Medicine. 2014;21(2):267-271. DOI: 10.5604/1232-1966.1108589
2 Shay E, De Gandiaga E, Madl AK. Considerations for the development of healthbased
7 surface dust cleanup criteria for beryllium. Critical Reviews in Toxicology. 2013;43(3):220. 243. DOI: 10.3109/10408444.2013.767308
2 Boffetta P, Fryzek JP, Mandel JS. Occupational exposure to beryllium and cancer risk: A
8 review of the epidemiologic evidence. Critical Reviews in Toxicology. 2012;42(2):107-118.
. DOI: 10.3109/10408444.2011.631898
2 Hollins DM, McKinley MA, Williams C, Wiman A, Fillos D, Chapman PS, Madl AK.
9 Beryllium and lung cancer: A weight of evidence evaluation of the toxicological and
. epidemiological literature. Critical Reviews in Toxicology. 2009;39(1):1-32. DOI:
10.1080/10408440902837967
30 Beryllium and Beryllium Compounds. International Agency for Research on Cancer.
.
2012;100C:95-120
3 Stark M, Lerman Y, Kapel A, Pardo A, Schwarz Y, Newman L, Maier L, Fireman E.
1 Biological exposure metrics of beryllium-exposed dental technicians. Archives of
. Environmental & Occupational Health. 2013;69(2):89-99. DOI:
10.1080/19338244.2012.744736
3 Benderli Cihan Y, Sözen S, Oztürk Yıldırım S. Trace elements and heavy metals in hair of
2 stage III breast cancer patients. Biological Trace Element Research. 2011;144(1-3):360-379.
. DOI: 10.1007/s12011-011-9104-z
3 Sandhu R, Lal H, Kundu ZS, Kharb S. Serum fluoride and sialic acid levels in
3 osteosarcoma. Biological Trace Element Research. 2009;144(1-3):1-5. DOI: 10.1007/s12011. 009-8382-1
3 Radauceanu A, Grzebyk M, Edmé JL, Chérot-Kornobis N, Rousset D, Dziurla M, De
4 Broucker V, Hédelin G, Sobaszek A, Hulo S. Effects of occupational exposure to poorly
. soluble forms of beryllium on biomarkers of pulmonary response in exhaled breath of
workers in machining industries. Toxicology Letters. 2016;263:26-33. DOI:
10.1016/j.toxlet.2016.10.013
3 Shukla S, Sharma P, Johri S, Mathur R. Influence of chelating agents on the toxicity and
5 distribution of beryllium in rats. Journal of Applied Toxicology. 1998;18(5):331-335. DOI:
. 10.1002/(SICI)1099-1263(1998090)18:5<331::AID-JAT517>3.0.CO;2-0
3 Johri S, Shukla S, Sharma P. Role of chelating agents and antioxidants in beryllium
6 induced toxicity. Indian Journal of Experimental Biology. 2002;40(5):575-582
.
3 Sharma P, Johri S, Shukla S. Beryllium-induced toxicity and its prevention by treatment
7 with chelating agents. Journal of Applied Toxicology. 2000;20(4):313-318. DOI:
. 10.1002/1099-1263(200007/08)20:4<313::AID-JAT660>3.0.CO;2-J
3 Crinnion WJ, Tran JQ. Case report: Heavy metal burden presenting as Bartter syndrome.
8. Alternative Medicine Review. 2010;15(4):303-310
3 Mayer AS, Brazile WJ, Erb SA, Barker EA, Miller CM, Mroz MM, Maier LA, Van Dyke MV.
9 Developing effective health and safety training materials for workers in beryllium-using
. industries. Journal of Occupational and Environmental Medicine. 2013;55(7):746-751. DOI:
10.1097/JOM.0b013e3182972f1b
4 Thomas CA, Deubner DC, Stanton ML, Kreiss K, Schuler CR. Long-term efficacy of a
0 program to prevent beryllium disease. American Journal of Industrial Medicine.
. 2013;56(7):733-741. DOI: 10.1002/ajim.22175
4 Bertin G, Averbeck D. Cadmium: Cellular effects, modifications of biomolecules,
1 modulation of DNA repair and genotoxic consequences (a review). Biochimie.
. 2006;88(11):1549-1559. DOI: 10.1016/j.biochi.2006.10.001
4 Chunhabundit R. Cadmium exposure and potential health risk from foods in
2 contaminated area, Thailand. Toxicological Research. 2016;32(1):65-72. DOI:
. 10.5487/TR.2016.32.1.065
4 Alimba CG, Gandhi D, Sivanesan S, Bhanarkar MD, Naoghare PK, Bakare AA,
3 Krishnamurthi K. Chemical characterization of simulated landfill soil leachates from
. Nigeria and India and their cytotoxicity and DNA damage inductions on three human cell
lines. Chemosphere. 2016;164:469-479. DOI: 10.1016/j.chemosphere.2016.08.093
4 Cartularo L, Laulicht F, Sun H, Kluz T, Freedman JH, Costa M. Gene expression and

4 pathway analysis of human hepatocellular carcinoma cells treated with cadmium.
. Toxicology and Applied Pharmacology. 2015;288(3):399-408. DOI:
10.1016/j.taap.2015.08.011
4 Larsson SC, Orsini N, Wolk A. Urinary cadmium concentration and risk of breast cancer:
5 A systematic review and dose-response meta-analysis. American Journal of
. Epidemiology. 2015;182(5):375-380. DOI: 10.1093/aje/kwv085
4 Bishak YK, Payahoo L, Osatdrahimi A, Nourazarian A. Mechanisms of cadmium
6 carcinogenicity in the gastrointestinal tract. Asian Pacific Journal of Cancer Prevention.
. 2015;16(1):9-21. DOI: 10.7314/APJCP.2015.16.1.9
4 Mondal B, Maulik D, Mandal M, Sarkar GN, Sengupta S, Ghosh D. Analysis of carcinogenic
7 heavy metals in gallstones and its role in gallbladder carcinogenesis. Journal of
. Gastrointestinal Cancer. 2016;1-8. DOI: 10.1007/s12029-016-9898-1
4 Arslan M, Demir H, Arslan H, Gokalp AS, Demir C. Trace elements, heavy metals and
8 other biochemical parameters in malignant glioma patients. Asian Pacific Journal of
. Cancer Prevention. 2011;12(2):447-451
4 García-Esquinas E, Pollan M, Tellez-Plaza M, Francesconi KA, Goessler W, Guallar E,
9 Umans JG, Yeh J, Best LG, Navas-Acien A. Cadmium exposure and cancer mortality in a
. prospective cohort: The strong heart study. Environmental Health Perspectives.
2014;122(4):363-370. DOI: 10.1289/ehp.1306587
5 Khan N, Afridi HI, Kazi TG, Arain MB, Bilal M, Akhtar A, Khan M. Correlation of
0 cadmium and magnesium in the blood and serum samples of smokers and nonsmokers
. chronic leukemia patients. Biological Trace Element Research. 2016;176(1):81-88. DOI:
10.1007/s12011-016-0816-y
5 Ostadrahimi A, Payahoo L, Somi MH, Khajebishak Y. The association between urinary
1 cadmium levels and dietary habits with risk of gastrointestinal cancer in Tabriz, Northwest
. of Iran. Biological Trace Element Research. 2016;175(1):72-78. DOI: 10.1007/s12011-0160764-6
5 Xiao CL, Liu Y, Tu W, Xia YJ, Tian KM, Zhou X. Research progress of the mechanisms
2 underlying cadmium-induced carcinogenesis. Zhonghua Yu Fang Yi Xue Za Zhi.
. 2016;50(4):380-384. DOI: 10.3760/cma.j.issn.0253-9624.2016.04.021
5 Inglot P, Lewinska A, Potocki L, Oklejewicz B, Tabecka-Lonczynska A, Koziorowski M,
3 Bugno-Poniewierska M, Bartosz G, Wnuk M. Cadmium-induced changes in genomic DNA. methylation status increase aneuploidy events in a pig Robertsonian translocation model.
Mutation Research/Genetic Toxicology and Environmental Mutagenesis. 2012;747(2):182189. DOI: 10.1016/j.mrgentox.2012.05.007
5 Knight AS, Zhou EY, Francis MB. Development of peptoid-based ligands for the removal
4 of cadmium from biological media. Chemical Science. 2015;6(7):4042-4048. DOI:
. 10.1039/C5SC00676G
5 Li X, Jiang X, Sun J, Zhu C, Li X, Tian L, Liu L, Bai W. Cytoprotective effects of dietary
5 flavonoids against cadmium-induced toxicity. Annals of the New York Academy of
. Sciences. 2017;1398:5-19. DOI: 10.1111/nyas.13344
5 Wang YJ, Yan J, Zou XL, Guo KJ, Zhao Y, Meng CY, Yin F, Guo L. Bone marrow
6 mesenchymal stem cells repair cadmium-induced rat testis injury by inhibiting
. mitochondrial apoptosis. Chemico-Biological Interactions. 2017;271:39-47. DOI:
10.1016/j.cbi.2017.04.024
5 Orisakwe OE, Dagur EA, Mbagwu HO, Udowelle NA. Lead levels in vegetables from
7 artisanal mining sites of Dilimi River, Bukuru and Barkin Ladi North Central Nigeria:
. Cancer and non-cancer risk assessment. Asian Pacific Journal of Cancer Prevention.
2017;18(3):621-627. DOI: 10.22034/APJCP.2017.18.3.621
5 Rashidi M, Alavipanah S. Relation between kidney cancer and soil leads in Isfahan
8 Province, Iran between 2007 and 2009. Journal of Cancer Research and Therapeutics.
. 2016;12(2):716-720. DOI: 10.4103/0973-1482.154936
5 McCumber A, Strevett KA. A geospatial analysis of soil lead concentrations around
9 regional Oklahoma Airports. Chemosphere. 2017;167:62-70. DOI:
. 10.1016/j.chemosphere.2016.09.127
6 Southard EB, Roff A, Fortugno T, Richie JP, Kaag M, Chinchilli VM, Virtamo J, Albanes D,
0 Weinstein S, Wilson RT. Lead, calcium uptake, and related genetic variants in association
. with renal cell carcinoma risk in a cohort of male Finnish smokers. Cancer Epidemiology
Biomarkers & Prevention. 2011;21(1):191-201. DOI: 10.1158/1055-9965.EPI-11-0670
6 Silbergeld EK. Facilitative mechanisms of lead as a carcinogen. Mutation
1 Research/Fundamental and Molecular Mechanisms of Mutagenesis. 2003;533(1-2):121-133.
. DOI: 10.1016/j.mrfmmm.2003.07.010
6 Steenland K, Barry V, Anttila A, Sallmén M, Mcelvenny D, Todd AC, Straif K. A cohort
2 mortality study of lead-exposed workers in the USA, Finland and the UK. Occupational
. and Environmental Medicine. 2017;May 2017. DOI: 10.1136/oemed-2017-104311
6 Silbergeld EK, Waalkes M, Rice JM. Lead as a carcinogen: Experimental evidence and
3 mechanisms of action. American Journal of Industrial Medicine. 2000;38(3):316-323. DOI:
. 10.1002/1097-0274(200009)38:3<316::AID-AJIM11>3.0.CO;2-P

6 Kianoush S, Sadegehi M, Balali-Mood M. Recent advances in the clinical management of
4. lead poisoning. Acta Medica Iranica. 2015;53(6):327-336
6 Rice KM, Walker EM, Wu M, Gillette C, Blough ER. Environmental mercury and its toxic
5 effects. Journal of Preventive Medicine & Public Health. 2014;47(2):74-83. DOI:
. 10.3961/jpmph.2014.47.2.74
6 Crespo-López ME, Macêdo GL, Pereira SI, Arrifano GP, Picanço-Diniz DL, do Nascimento
6 JL, Herculano AM. Mercury and human genotoxicity: Critical considerations and possible
. molecular mechanisms. Pharmacological Research. 2009;60(4):212-220. DOI:
10.1016/j.phrs.2009.02.011
6 Branco V, Caito S, Farina M, Rocha J, Aschner M, Carvalho C. Biomarkers of mercury
7 toxicity: Past, present, and future trends. Journal of Toxicology and Environmental
. Health, Part B. 2017;20(3):119-154. DOI: 10.1080/10937404.2017.1289834
6 Junqué E, Garí M, Arce A, Torrent M, Sunyer J, Grimalt JO. Integrated assessment of infant
8 exposure to persistent organic pollutants and mercury via dietary intake in a central
. western Mediterranean site (Menorca Island). Environmental Research. 2017;156:714-724.
DOI: 10.1016/j.envres.2017.04.030
6 Alcala-Orozco M, Morillo-Garcia Y, Caballero-Gallardo K, Olivero-Verbel J. Mercury in
9 canned tuna marketed in Cartagena, Colombia and estimation of human exposure. Food
. Additives & Contaminants: Part B. 2017;10:1-7. DOI: 10.1080/19393210.2017.1323803
7 Yuan W, Yang N, Li X. Advances in understanding how heavy metal pollution triggers
0 gastric cancer. BioMed Research International. 2016;2016:1-10. DOI: 10.1155/2016/7825432
.
7 Valko M, Morris H, Cronin MT. Metals, toxicity and oxidative stress. Current Medicinal
1. Chemistry. 2005;12(10):1161-1208. DOI: 10.2174/0929867053764635
7 Kosnett MJ. The role of chelation in the treatment of arsenic and mercury poisoning.
2 Journal of Medical Toxicology. 2013;9(4):347-354.DOI: 10.1007/s13181-013-0344-5
.
7 Sears, ME. Chelation: Harnessing and enhancing heavy metal detoxification—A review.
3 The Scientific World Journal. 2013;2013:1-13. DOI: 10.1155/2013/219840
.
7 Iranmanesh M, Fatemi SJ, Golbafan MR, Balooch FD. Treatment of mercury vapor
4 toxicity by combining deferasirox and deferiprone in rats. BioMetals. 2013;26(5):783-788.
. DOI: 10.1007/s10534-013-9656-9
7 Sangvanich T, Morry J, Fox C, Ngamcherdtrakul W, Goodyear S, Castro D, Fryxell GE,
5 Addleman RS, Summers AO, Yantasee W. Novel oral detoxification of mercury,
. cadmium, and lead with thiol-modified nanoporous silica. ACS Applied Materials &
Interfaces. 2014;6(8):5483-5493. DOI: 10.1021/am5007707
7 Ngole-Jeme VM, Fantke P. Ecological and human health risks associated with abandoned
6 gold mine tailings contaminated soil. Plos One. 2017;12(2). DOI:
. 10.1371/journal.pone.0172517
7 Pavela M, Uitti J, Pukkala E. Cancer incidence among copper smelting and nickel refining
7 workers in Finland. American Journal of Industrial Medicine. 2016;60(1):87-95. DOI:
. 10.1002/ajim.22662
7 Gölz L, Buerfent BC, Hofmann A, Rühl H, Fricker N, Stamminger W, Oldenburg J,
8 Deschner J, Hoerauf A, Nöthen MM, Schumacher J, Hübner MP, Jäger A. Genome-wide
. transcriptome induced by nickel in human monocytes. Acta Biomaterialia. 2016;43:369382. DOI: 10.1016/j.actbio.2016.07.047
7 Plavan G, Jitar O, Teodosiu C, Nicoara M, Micu D, Strungaru SA. Toxic metals in tissues of
9 fishes from the Black Sea and associated human health risk exposure. Environmental
. Science and Pollution Research. 2017;24(8):7776-7787. DOI: 10.1007/s11356-017-8442-6
8 Harari R, Harari F, Forastiere F. Environmental nickel exposure from oil refinery
0 emissions: A case study in Ecuador. Annali dell'Istituto Superiore di Sanità. 2016;52(4):495. 499. DOI: 10.4415/ANN_16_04_06
8 Zhou C, Huang C, Wang J, Huang H, Li J, Xie Q, Liu Y, Zhu J, Li Y, Zhang D, Zhu Q.
1 LncRNA MEG3 downregulation mediated by DNMT3b contributes to nickel malignant
. transformation of human bronchial epithelial cells via modulating PHLPP1 transcription
and HIF-1α translation. Oncogene. 2017;36:3878-3889. DOI: 10.1038/onc.2017.14
8 Huang H, Zhu J, Li Y, Zhang L, Gu J, Xie Q, Jin H, Che X, Li J, Huang C, Chen LC, Lyu J,
2 Gao J, Huang C. Upregulation of SQSTM1/p62 contributes to nickel-induced malignant
. transformation of human bronchial epithelial cells. Autophagy. 2016;12(10):1687-1703.
DOI: 10.1080/15548627.2016.1196313
8 Yu M, Zhang J. Serum and hair nickel levels and breast cancer: Systematic review and
3 meta-analysis. Biological Trace Element Research. 2017:175(2):1-7. DOI: 10.1007/s12011. 017-0949-7
8 Yang Y, Jin X, Yan C, Tian Y, Tang J, Shen X. Urinary level of nickel and acute leukaemia
4 in Chinese children. Toxicology and Industrial Health. 2008;24(9):603-610. DOI:

.

10.1177/0748233708100091

8 Tilakaratne D, Sidhu S. Heavy metal (monoclonal) bands: A link between cutaneous T-cell
5 lymphoma and contact allergy to potassium dichromate, nickel and cobalt? Australasian
. Journal of Dermatology. 2014;56(1):59-63. DOI: 10.1111/ajd.12182
8 Zambelli B, Uversky VN, Ciurli S. Nickel impact on human health: An intrinsic disorder
6 perspective. Biochimica Et Biophysica Acta (BBA) – Proteins and Proteomics.
. 2016;1864(12):1714-1731. DOI: 10.1016/j.bbapap.2016.09.008
8 Ma L, Bai Y, Pu H, Gou F, Dai M, Wang H, He J, Zheng T, Cheng N. Histone methylation
7 in nickel-smelting industrial workers. Plos One. 2015;10(10). DOI:
. 10.1371/journal.pone.0140339
88 Sunderman FW. Chelation therapy in nickel poisoning. Annals of Clinical and Laboratory
. Science. 1981;11(1):1-8
8 Atma W, Larouci M, Meddah B, Benabdeli K, Sonnet P. Evaluation of the
9 phytoremediation potential of Arundo donax L. for nickel-contaminated soil.
. International Journal of Phytoremediation. 2017;19(4):377-386. DOI:
10.1080/15226514.2016.1225291
9 Gopal R, Narmada S, Vijayakumar R, Jaleel CA. Chelating efficacy of CaNa2 EDTA on
0 nickel-induced toxicity in Cirrhinus mrigala (Ham.) through its effects on glutathione
. peroxidase, reduced glutathione and lipid peroxidation. Comptes Rendus Biologies.
2009;332(8):685-696. DOI: 10.1016/j.crvi.2009.03.004
9 Di Loreto G, Sacco A, Felicioli G. Radon in workplaces, a review. Giornale Italiano Di
1. Medicina Del Lavoro Ed Ergonomia. 2010;32(4):251-254
9 Chałupnik S, Wysocka M, Janson E, Chmielewska I, Wiesner M. Long term changes in the
2 concentration of radium in sischarge waters of coal mines and Upper Silesian rivers.
. Journal of Environmental Radioactivity. 2017;171:117-123. DOI:
10.1016/j.jenvrad.2017.02.007
9 Abdel Ghany HA. Enhancement of radon exposure in smoking areas. Environmental
3 Geochemistry and Health. 2007;29(3):249-255. DOI: 10.1007/s10653-007-9082-4
.
9 Wick RR, Nekolla EA, Gaubitz M, Schulte TL. Increased risk of myeloid leukaemia in
4 patients with ankylosing spondylitis following treatment with radium-224. Rheumatology.
. 2008;47(6):855-859. DOI: 10.1093/rheumatology/ken060
9 Benejegerdes KE, Brown SC, Housewright CD. Focal cutaneous squamous cell carcinoma
5 following radium-223 extravasation. Proceedings (Baylor University Medical Center).
. 2017;30(1):78-79

WRITTEN BY

Austin Carver and Vincent S. Gallicchio
Submitted: May 16th, 2017, Reviewed: July 10th, 2017, Published: December 20th, 2017

REGISTER TO DOWNLOAD FOR FREE

Share

Cite

© 2017 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative Commons Attribution 3.0 License, which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

View All

CONTINUE READING FROM THE SAME BOOK

IntechOpen

Cancer Causing Substances
Edited by Faik Atroshi

CHAPTER 2

CHAPTER 3

CHAPTER 4

Cancer, Carcinogens
and Screening in the
Kidney

Increased Air Pollution
Causing Cancers and
Its Ra...

Cancer Causing
Chemicals

By Michael Higgins, Ismael
Obaidi and Tara McMorrow

By Jianhai Sun, Jinhua Liu,
Chunxiu Liu, Yanni
Zhang,...

866 DOWNLOADS
790 DOWNLOADS

Cancer Causing Substances
Edited by Faik Atroshi

By Maher Soliman
1076 DOWNLOADS

PUBLISHED: MAY 16TH, 2018

View All Books

BOOK SUBJECT AREAS

PHYSICAL SCIENCES, ENGINEERING AND
TECHNOLOGY

LIFE SCIENCES

HEALTH SCIENCES

SOCIAL SCIENCES AND HUMANITIES

CHEMISTRY

AGRICULTURAL AND BIOLOGICAL
SCIENCES

MEDICINE

BUSINESS, MANAGEMENT AND
ECONOMICS

COMPUTER AND INFORMATION SCIENCE
EARTH AND PLANETARY SCIENCES

BIOCHEMISTRY, GENETICS AND
MOLECULAR BIOLOGY

MORE

ENVIRONMENTAL SCIENCES

PHARMACOLOGY, TOXICOLOGY AND
PHARMACEUTICAL SCIENCE
VETERINARY MEDICINE AND
SCIENCE

PSYCHOLOGY
SOCIAL SCIENCES

MORE

Home

About

Publish

News

Our Authors and Editors

About Open Access

Contact

Scientific Advisors

How it works

Careers

Team

OA Publishing Fees

Events

Open Access funding

Advertising

Peer Reviewing

Partnerships

Editorial Policies

Search

Headquarters
IntechOpen Limited
5 Princes Gate Court,
London, SW7 2QJ,
UNITED KINGDOM
Phone: +44 20 8089 5702



© 2022 IntechOpen. All rights reserved.

AUTHOR PANEL SIGN IN

Terms and Conditions

Privacy Policy

Customer Complaints

