Common Toxic Heavy Metals Found in Manitoban Environments

Arsenic (As)
Data from recent studies support an association between arsenic exposure and diabetes and
that arsenic may exhibit neurotoxic properties.1 Arsenic is a potent cardiovascular toxicant, and is
also a carcinogen, yet arsenic trioxide is used as a therapeutic agent in the treatment of acute
promyelotic leukemia (APL). The therapeutic use of arsenic is limited due to its severe
cardiovascular side effects. Many of the toxic effects of arsenic are mediated by mitochondrial
dysfunction and related to arsenic's effect on oxidative stress.2,3

Cadmium (Cd)
Cadmium is a widespread toxic pollutant of occupational and environmental concern
because of its diverse toxic effects. Cadmium has a diversity of toxic effects including
nephrotoxicity, carcinogenicity, teratogenicity and endocrine and reproductive toxicities. At the
cellular level, cadmium affects cell proliferation, differentiation, apoptosis and other cellular
activities.5,6

Chromium (Cr)
It has been estimated that more than 300,000 workers in the USA are exposed annually to
chromium and chromium-containing compounds.1 Review of the literature has suggested that
higher levels of Cr exposure to the workers enhance the oxidative stress (reactive oxygen species

(ROS) and hydroxyl (OH) radical generation) which may cause cellular and molecular damage,
such as genotoxicity and chromosomal aberration formations, and carcinogenic effects.7,8
Hexavalent chromium [Cr(VI)] is a known carcinogen when inhaled.9

Lead (Pb)
This versatile heavy metal is non-degradable and its ability to accumulate in the body,
undiagnosed, makes it a serious environmental health hazard.10 Lead is now known to affect almost
every organ/tissue of the human body. Worker exposures occur in various industrial activities such
as lead smelting and refining, battery manufacturing, steel welding or cutting operations, printing,
and construction.11 Lead toxicity is a major public health issue in developed and developing
countries. Both acute and chronic lead exposure has the potential to cause many deleterious
systematic effects including hypertension, frank anemia, cognitive deficits, infertility, immune
imbalances, delayed skeletal and deciduous dental development, vitamin D deficiency, and
gastrointestinal effects. The underlying mechanisms for all of these systemic effects have not been
elucidated completely. However, the most plausible cause is free radical damage.12

Mercury (Hg)
Mercury has been recognized as a neurotoxicant as well as immunotoxic and designated
by the World Health Organization as one of the ten most dangerous chemicals to public health.13
Mercury is a persistent and globally cycling element. Mercury occurs not only anthropogenically
(environmental contamination, but also naturally in the environment).14 It has toxic properties and
severely affects the environment and humans, especially developing fetuses and infants.14 In the
environment, mercury can be converted to methyl mercury, the form of mercury to which humans

are most often exposed, primarily through consumption of fish. Mercury releases pose significant
risks to Canada’s environment and the health of its citizens. Since the 1970’s, Canada has made
significant progress in reducing domestic sources of anthropogenic mercury by approximately
90%. However, transboundary flows of mercury emissions are rising and now account for over
95% of mercury deposits in Canada.

Cobalt (Co)
Although cobalt is widely distributed in nature and is biologically necessary as a metal
constituent of vitamin B12, excessive exposure has been shown to induce various health effects.15
In this regard, for example, cobalt has been reported to cause a rapidly progressive and reversible
depression of cardiac systolic function, which has been termed as a cobalt-related cardiomyopathy
that is different from other causes of cardiomyopathy.16 In addition, cobalt-related interstitial lung
disease due to an immunologic and oxidant injury mechanism has also been recently reported.17
Several case reports have demonstrated that high serum cobalt may be associated with both
irreversible and reversible visual loss, optic neuropathy and atrophy.18 Excessive exposure to
cobalt has also been linked to causing contact dermatitis.19 While experimental data has shown
that cobalt can cause cancer,20 cobalt has been listed as probable or possible human carcinogen
involving oxidative stress.

Molybdenum (Mo)
Molybdenum is an essential trace element for normal cell function,21 however; excessive
exposures can cause toxicity.22 In a US study with the general population, high levels of urinary
molybdenum were reported to be associated with decreases in thyroid hormones and thyroid

disorders.23 In addition, higher molybdenum levels have been associated with greater insulin
resistance and positively associated with diabetes.24 An inverse relationship between molybdenum
and semen quality has also been reported.25 While there is a lack of data concerning human
carcinogenicity, exposure to high molybdenum has been shown to induce lung cancer in animal
studies.26 It has been reported that dusts and fumes, generated by mining or metalworking,27,28 can
be toxic, especially if ingested (including dust trapped in the sinuses and later swallowed). Low
levels of prolonged exposure can cause irritation to the eyes and skin. It should be noted that BEIs
for molybdenum have not been established. However, several agencies have established exposure
guidance values to protect against molybdenum toxicity, including a reference dose, tolerable daily
intake and a tolerable upper intake level.22 Furthermore, bio-monitoring for molybdenum in blood
or urine in the general population is being conducted by the Canadian Health Measures Survey
(CHMS) and the U.S. National Health and Nutrition Examination Survey (NHANES).

Nickel (Ni)
Although the most common health effect of nickel is an allergic (contact dermatitis)
reaction, research has also demonstrated that nickel is carcinogenic to humans.29,30 Indeed, nickel
has been recognized as a human carcinogen by the International Agency for Research on Cancer
through an oxidative mediated damage of DNA.31 Compared to the general population,
occupationally exposed workers have a higher risk of respiratory tract cancer due to inhalation at
their workplace.32,33 Nickel can also be ingested or absorbed through the skin and while the primary
target organs are the kidney and lungs, other organs including the liver, spleen, heart and testes
can also be affected, but to a lesser extent.29 Epidemiological evidence has shown an association
between nickel exposure and increasing cardiovascular morbidity and mortality.34 It should be

noted that BEIs for nickel have not been established. Despite this, epidemiological evidence and
toxicological studies show that environmental exposure concentrations of nickel are in a general
setting lower than the WHO standard or the European Environment Agency (1μg/m3/day), but
their associations with cardiopulmonary disease can still be found.34

References
[1]

Beck R, Styblo M, Sethupathy P. Arsenic exposure and type 2 diabetes: microRNAs as
mechanistic links? Curr Diab Rep. 2017; 17: 18.

[2]

Bjørklund G, Aaseth J, Chirumbolo S, Urbina MA, Uddin R. Effects of arsenic toxicity beyond
epigenetic modifications. Environ Geochem Health. 2017; doi: 10.1007/s10653-0179967-9. (Epub ahead of print).

[3]

Pace C, Dagda R, Angermann J. Antioxidants protect against arsenic induced mitochondrial
cardio-toxicity. Toxics. 2017; 5: pii: E38.

[4]

Rani A, Kumar A, lal A, Pant M. Cellular mechanisms of cadmium-induced toxicity: a review.
Int J Environ Health Res. 2014; 24: 378-399.

[5]

Thévenod F, Lee WK. Cadmium and cellular signaling cascades: interactions between cell
death and survival pathways. Arch Toxicol. 2013; 87: 1743-1786.

[6]

Rinaldi M, Micali A, Marini H, et al. Cadmium, organ toxicity and therapeutic approaches: a
review on brain, kidney and testis damage. Curr Med Chem. 2017; 24: 3879-3893.

[7]

Junaid M, Hashmi MZ, Malik RN, Pei DS. Toxicity and oxidative stress induced by chromium
in workers exposed from different occupational settings around the globe: a review.
Environ Sci Pollut Res Int. 2016; 23: 20151-20167.

[8]

Mamyrbaev AA, Dzharkenov TA, Imangazina ZA, Satybaldieva UA. Mutagenic and
carcinogenic actions of chromium and its compounds. Environ Health Prev Med. 2015;
20: 159-167.

[9]

Sun H, Brocato J, Costa M. Oral chromium exposure and toxicity. Curr Environ Health Rep.
2015; 2: 295-303.

[10]

Sachdeva C, Thakur K, Sharma A, Sharma KK. Lead: tiny but might poison. Indian J Clin
Biochem. 2018; 33: 132-146.

[11]

Pohl HR, Ingber SZ, Abadin HG. Historical view on lead: guidelines and regulations. Met
Ions Life Sci. 2017. doi: 10.1515/9783110434330-013.

[12]

Mitra P, Sharma S, Purohit P, Sharma P. Clinical and molecular aspects of lead toxicity: an
update. Crit Rev Clin Lab Sci. 2017; 54: 506-528.

[13]

Bjørklund G, Dadar M, Mutter J, Aaseth J. The toxicology of mercury: current research and
emerging trends. Environ Res. 2017; 159: 545-554.

[14]

Mergler D, Anderson HA, Chan LH, et al. Methylmercury exposure and health effects in
humans: a worldwide concern. Ambio. 2007; 36: 3-11.

[15]

Leyssens L, Vinck B, Van Der Straeten C, Wuyts F, Maes L. Cobalt toxicity in humans-a
review of the potential sources and systemic health effects. Toxicology. 2017; 387: 4356.

[16]

Packer M. Cobalt cardiomyopathy: a critical reappraisal in light of a recent resurgence. Circ
Heart Fail. 2016; 9: pii: e003604.

[17]

Adams TN, Butt YM, Batra K, Glazer CS. Cobalt related interstitial lung disease. Respir Med.
2017; 129: 91-97.

[18]

Lim CA, Khan J, Chelva E, Khan R, Unsworth-Smith T. The effect of cobalt on the human
eye. Doc Opthalmol. 2015; 130: 43-48.

[19]

Fowler JF Jr. Cobalt. Dermatitis. 2016; 27: 3-8.

[20]

Suh M, Thompson CM, Brorby GP, Mittal L, Proctor DM. Inhalation cancer risk assessment
of cobalt metal. Regul Toxicol Pharmacol. 2016; 79: 74-82.

[21]

Chan S, Gerson B, Subramaniam S. The role of copper, molybdenum, selenium, and zinc in
nutrition and health. Clin Lab Med. 1998; 18: 673-685.

[22]

Hays SM, Macey K, Poddalgoda D, et al. Biomonitoring equivalents for molybdenum. Regul
Toxicol Pharmacol. 2016; 77: 223-229.

[23]

Yorita Christensen KL. Metals in blood and urine, and thyroid function among adults in the
United States 2007-2008. Int J Hyg Environ Health. 2013; 216: 624-632.

[24]

Menke A, Guallar E, Cowie CC. Metals in urine and diabetes in U.S. adults. Diabetes. 2016;
65: 164-171.

[25]

Meeker JD, Rossano MG, Protas B, et al. Cadmium, lead, and other metals in relation to semen
quality: human evidence for molybdenum as a male reproductive toxicant. Environ
Health Perspect. 2008; 116: 1473-1479.

[26]

Chan PC, Herbert RA, Roycroft JH, et al. Lung tumor induction by inhalation exposure to
molybdenum trioxide in rats and mice. Toxicol Sci. 1998; 45: 58-65.

[27]

Walravens PA, Moure-Eraso R, Solomons CC, Chappell WR, Bentley G. Biochemical
abnormalities in workers exposed to molybdenum dust. Acrh Environ Health. 1979; 34:
302-308.

[28]

Ellingsen DG, Chashchin M, Berlinger B, et al. Biological monitoring of welders’ exposure to
chromium, molybdenum, tungsten and vanadium. J Trace Elem Med Biol. 2017; 41: 99106.

[29]

Cameron KS, Buchner V, Tchounwou PB. Exploring the molecular mechanisms of nickelinducd genotoxicity and carcinogenicity: a literature review. Rev Environ Health. 2011;
26: 81-92.

[30]

Song X, Fiati Kenston SS, Kong L, Zhao J. Molecular mechanisms of nickel induced
neurotoxicity and chemoprevention. Toxicology. 2017; 392: 47-54.

[31]

Mulware SJ. Trace elements and carcinogenicity: a subject in review. 3 Bioctech. 2013; 3: 8596.

[32]

Grimsrud TK, Andersen A. Unrecognized risks of nickel-related respiratory cancer among
Canadian electrolysis workers. Scand J Work Environ Health. 2012; 38: 503-515.

[33]

Schaumlöffel D. Nickel species: analysis and toxic effects. J Trace Elem Med Biol. 2012; 26:
1-6.

[34]

Zhang Z, Chau PY, Lai HK, Wong CM. A review of effects of particulate matter-associated
nickel and vanadium species on cardiovascular and respiratory systems. Int J Environ
Health Res. 2009; 19: 175-185.

