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Abstract

databases (such as SID) from 1995-2022.

between mercury and CVD.

Background: We aimed to verify the exposure to mercury in the air and its effect on cardiovascular disorders.
Methods: The review was conducted using PubMed, Scopus, Web of Science, Embase, and national

Results: Mercury exposure can cause many disorders in humans, including neurodevelopmental disorders in
fetuses and children, adverse cardiovascular outcomes, hypertension, and diabetes. Mercury is a human
neurotoxin, and in recent years its potentially harmful effects on cardiovascular disease (CVD) have raised
concerns, mainly due to mercury's role in reducing oxidative stress.

Conclusion: Possible mechanisms of mercury toxicity in CVD include mercury-selenium interaction, increased
lipid peroxidation, and oxidative stress. In this article, we review studies that have investigated the relationship

Qywords: Mercury; Cardiovascular disease; Exposure; Risk factors /
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Introduction

Mercury is found in soil, water and air. Three
forms of mercury in nature include: elemental,
inorganic and organic mercury. All forms of
mercury are toxic and dangerous to living things
(1). Mercury is of human and natural origin.

Human activities lead to environmental pollution
with mercury. For example, the mercury level in
surface water has increased significantly since the
time of the Industrial Revolution. Mercury
concentrations in Arctic marine animals have also
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increased by about 10 to 12 times (2). Mercury
concentrations in the blood of seafood
consumers are increasing worldwide. Global
mercury emissions from natural and human
resources are estimated at more than 6,000 tons
per year (3). In particular, the share of human
resources in mercury emissions is approximately
80% of annual emissions. Mercury levels in
uncontaminated soil are approximately in the
range of 10-50 pg/kg (2). However, values above
240 pg/kg were found in the mercury extraction
region (4). The average total mercury gas in
northern Europe, particulate mercury and
reactive gas mercury are 1.98, 56 and 22 ng/m3,
respectively. The concentration of mercury in the
air can reach more than 190 ng/m3 in the
mercury mine area (5).

The general population can be exposed to
mineral mercury in a variety of ways, such as
dental amalgam, inhalation of human resources
such as metal extraction and smelting,
combustion of fossil fuels, and incineration of
municipal waste (6). The two main routes of
exposure to methyl mercury for the general
population are marine fish and freshwater
consumption (7). Mercury exposure can cause
many  disorders in  humans, including:
neurodevelopmental disorders in fetuses and
children, adverse cardiovascular outcomes,
hypertension and diabetes (8).

One of the leading causes of death in the world is
cardiovascular disease (CVDs). In high-income

countries and some middle-income countties, the
mortality rate due to cardiovascular disease has
decreased, but it is still one of the most important
causes of death in the world. In 2015, there wete
about 422.7 million and 17.9 million CVD cases
and CVD deaths, respectively. The two main
causes of CVD worldwide are ischemic heart
disease and heart attack. Many factors contribute
to CVD, including high blood pressure, high
BMI, diabetes, consumption of salty foods,
short-term or long-term exposure to air
pollution, and hazardous chemicals in the air
(such as heavy metals) (8).

We aimed to verify the exposure to mercury in
the air and its effect on cardiovascular disorders.

Materials and Methods

Search strategy

The search strategy was carried out to obtain all
articles on exposure to mercury in the air and its
effect on cardiovascular diseases between 1995
and 2022. The review was conducted using Pub-
Med, Scopus, Web of Science, Embase, and na-
tional databases (such as SID) (Table 1). The
flowchart of the review article is available in Fig.
1.

The strategy was to use keywords search terms:
Mercury, CVD, Source of Mercury, and Mercury
exposure.

Table 1: Search terms and query results

Term Pub-  Science Spri  Web of  Google Unique
Med Divect  nger  Science Scholar results

Air pollu- 20 30 23 23 52 148

tion

Mercury 15 29 21 25 38 128

carcino- 19 28 12 18 16 93

genic

Cardio- 18 20 18 19 48 123

vascular

disease

Total 72 107 74 85 154 492
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Study selection

Evaluation of primary retrieval articles was done
based on 1) title, 2) abstract and 3) full text of the
articles.

Based on the title and abstract, some articles that
were not about Risk factors and exposure to
mercury and its effect on cardiovascular disease
were removed. Related articles were downloaded
after abstract screening.

Inclusion criteria: The screening criteria of the
articles were: 1) Descriptive study on exposure to
mercury 2) the full text is available 3) Unreview

Records identified through
database (searching)

(n=68)

Identification

studies and 4) Mechanism of effect of mercury
on cardiovascular disease.

Exclusion criteria: 1. The article is not in English,
2. The title is not relevant, 3. The abstract does
not contain arsenic and liver cancer, 4. Repetitive
articles, 5. Some information and data in the
article is incomplete or limited, and as a result,
they do not have priority to cite or extract, and 6.
The study is non-experimental.

The obtained references were managed using
EndNote X7 software.

Additional records identified

through other sources

(n=17)

Records after duplicated removed

(n=50)

Records screened

Records excluded

Y
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Eligibility

Included

(n=39)

v

Full-text articles assessed for
eligibility
(n=27)

(n=11)

Full-text articles
excluded.with reasons

Y

Study included in qualitative
synthesis

(n=11)

Studies included in
quantitative synthesis

(n=11)

(n=12)

Fig. 1: Representation of the search strategy based on PRISMA flow diagram
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Results

The Chemical structure of Mercury

Mercury is a heavy metal with an atomic number
80; Atomic weight 200.59; Density 13.59 g/cubic
centimeter; Melting point -39 °C; boiling point
359 °C . This metal is extremely toxic and
dangerous (9-11). This element is rarely found in
the earth's crust, most of the time it exists in an
inorganic form (such as mercury sulfide) (12).
Mercury comes in two forms: inorganic mercury
(such as mercury salts, and divalent mercury) and
organic mercury (such as methyl mercury). The
chemical structure of mercury causes different
biological behaviors (13). Elemental mercury, or
zero-valent mercury (Hg0), is a liquid at 25 °C
that evaporates rapidly when heated above room
temperature. The retention time of elemental
mercury is one year in the atmosphere, where it
can be transported and stored globally (14).
Elemental mercury is easily oxidized in the
atmosphere and turned into its inorganic forms
(monovalent and divalent mercury) and is
deposited in water and soil environments by rain.
The respiratory system can easily absorb metal
vapors, but they have a very weak absorption in
the digestive system. Elemental mercury can
reach target organs through cell membranes as
well as cerebral and placental blood barriers. The
solubility of elemental mercury plays a key role in
this. The mineral forms of mercury, monovalent
mercury, and divalent mercury do not have much
ability to cross cell membranes because they are
not lipophilic (15). The respiratory system can
absorb inorganic mercury well through breathing,
but it has little absorption through the skin and
digestive system. The main routes of excretion of
divalent mercury are through urine and feces. Its
half-life is about two months (16, 17). Mineral
mercury exists in different forms that have
different uses, such as: 1. Inorganic mercury is
used as an explosive detonator (such as
(Hg(CNO)»), 2. It can combine with chloride and
create toxic and corrosive compounds (such as
HgCl2) and 3. It can combine with sulfide and

Available at:  http://ijph.tums.ac.ir

form as Pigment used in paints (such as HgS)
(18). Inorganic mercury is converted to methyl
mercury (MeHg) mainly by sulfate-reducing
bacteria (19-21). Mineral mercury is absorbed
through the gastrointestinal tract and is excreted
mainly in the feces. Organic mercury, because it
is lipophilic, can cross blood-brain and placental
barriers, and through breast milk, infants can
absorb these toxic compounds. Mineral mercury
can accumulate in the liver, brain, kidneys, and
muscles (19). Methyl mercury can accumulate in
the body of organisms such as swordfish, sharks
and marine mammals. Some marine fish can
contain methyl mercury, which is 100,000 times
greater than the surrounding aquatic environment

(16).

Global Sources of Mercury Emissions in the At-
mosphere

Mercury in various meteorological layers comes
from natural and human resources. Among the
different meteorological layers, the contribution
of the atmosphere to the global emission of
mercury is much higher than the other layers,
although large Mercury is deposited in the
atmosphere on land and water (22, 23). Mercury
produced in one place can be transported to
another place during atmospheric transportation,
depending on the direction and speed of the
wind and the chemical properties of that element
(24, 25). There are different forms of mercury in
the atmosphere, which are expressed by special
terms: THg (includes all forms of mercury),
TGM (includes all gaseous forms of mercury),
GEM (a form of elemental mercury that exists in
a gaseous state), GOM (a form of oxidized
mercury that exists in a gaseous state), RGM (a
form of gaseous mercury that is highly reactive),
TPM or Hgp (all mercury compounds found in
suspended particles) and MeHg (an organic form
of mercury) (26). The retention time of mercury
or its derivatives in the air depends on many
factors, the most important of which include
weather conditions and the type of mercury in
the air. For example, the retention time of
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gaseous elemental mercury (GEM) in the air is
much longer than Total particulate mercury
(TPM), so GEM can remain in the atmosphere
for several months, while TPM remains in the
atmosphere for a maximum of one day (because
they quickly settle on the ground and are
removed from the air) (27, 28).

Anthropogenic Emissions

Mercury produced from human resources enters
the environment mainly through industries, from
where it is introduced as inorganic substances,
wastes or a minor component in fuels (29). The
main parameters affecting the amount of mercury
emitted from human resources in industry
depend on the level of mercury as a minor
component in raw materials such as fuels,
technology used in industrial processes, type and
efficiency of equipment emission control (30).
The United Nations Environment Program
(UNEP) estimates that wotldwide human

mercury emissions in 2010 amounted to about
1960 tons per year (22). Artisanal and small-scale
gold mining (ASGM) has been identified as a
major source of anthropogenesis, accounting for
37% of total human mercury emissions into the
global atmosphere. The use of fossil fuels in
industries and residential places in order to use its
energy and heat accounts for 25% of the total
mercury emissions on earth (31, 32). There are
other industrial sources that contribute to the
global release of mercury into the atmosphere,
including metal (non-ferrous) production (10%),
cement production (9%), gold industry (5%),
incineration (9%), manufacturing Ferrous metals
(2.3%), chlorine industry (1.4%), fuel refineries
(1.4%), and dental amalgam (0.2%) (30). Figure 2
shows the sources of anthropogenic mercury
entering the air.

Wilson et al shows the total anthropogenic mer-
cury emissions in the air in Table 2 (33).

Table 2: Global anthropogenic sources of mercury in the atmosphere

Sector Emission (Mg/kg)

Average Range %
Coal combustion 573.5 116.1-820.7 27.9
Burning petroleum 9.3 4.3-15.3 0.4
Metallurgy (iron) 45.4 16-88.4 2.2
Metallurgy (Alumi- 5.9 2.1-11.6 0.3
num)
Metallurgy  (Cop- 20.3 7.2-39.2 1
per)
Metallurgy (Lead) 32.4 11.6-62.7 1.6
Metallurgy (Zinc) 166.9 59.5-322.9 8.1
Mercury  produc- 9 3.2-17.6 0.4
tion
Cement 223.1 79.2-431.6 10.8
Production of caus- 52 18.5-100.8 2.5
tic soda and chlo-
rine
Refineries 49.9 23.1-82.4 2.4
Gold production 93.7 0.7-245.9 4.7
ASGM 659.4 409.7-906.2 32
Incineration of 4.2 1.3-12.7 0.2
waste—organized
Cremation 4.8 1.4-14.3 0.2
Other 109 32.7-327.2 5.3
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Fig. 2: Sources of anthropogenic mercury emissions (Originl)

Natural Emissions

As a natural resource, mercury is produced in the
carth's crust through the erosion of rocks and
thermal activities of the earth's mantle (such as
volcanic eruptions). Natural resources such as
vegetation, land and surface water can also cause
global mercury emissions (34). Mercury emitted
from the surface of the oceans is in the form of
Hg0, Hgll and methyl (35). Mercury released
from snow (north and south poles), unlike
mercury released from plants, which is formed in
the form of Hg0, is mostly oxidized and the
amount of elemental HgO released is very low
(1%). Meanwhile, there is mercury released from
the soil surface to GEM, which depends on many
factors, including: soil organic content, the
amount and form of mercury in the soil, the

Available at:  http://ijph.tums.ac.ir

angle of sunlight and, etc. Tropical forests and
savannas play a very important role in releasing
mercury into the atmosphere (36). Lands that
contain a lot of peat can also release a lot of
mercury into the air, so burning them contributes
to the release of mercury into the atmosphere
(37). The annual natural emissions of mercury
vary from 3,600 tons per year to 5,300 tons per
year (38). The GMOS project of the European
Union estimated that primary emissions and re-
emission processes from land surfaces and waters
are the major contributors to mercury emissions
to the atmosphere (5207 tons per year) (39). The
project researchers found that as the primary
natural source and redistribution, the oceans
(36%) and biomass burning (9%) are the most
important sources of mercury distribution
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wortldwide. Forest areas (12%) and reeds and cury can be divided into primary emissions (vol-
grasslands (9%). In general, the relative share of canic emissions) and secondary emissions. The
land and surface water is 2429 and 2778 tons per results of Pirron et al's studies are shown in
year, respectively, which leads to 5207 tons per Table 3 (41). Table 4 lists several studies that
year (40). Natural sources of mercury emissions have monitored mercury in the atmosphere.

are shown in Figure 3. Natural emissions of mer-

Table 3: Mercury emission from natural sources and processes estimated for 2008

Source Annual emission Relative
(Mg/year) Contribution
(%)
Oceans 2682 50
Lakes 96 2
Forests 342 6
Tundra/grassland/savannah/prairies/chaparral 448 8
Desert/ non vegetation zones 546 10
Contaminated sites (average between 138 and 263 200 4
Mg)
Agricultural areas 128 2
Evasion after mercury depletion events 200 4
Biomass burning 675 12
Volcanoes and geothermal areas 90 2
All 5207 100

Snow

Natural sources of mercury
emission

Burning coal

tropical forest

Fig. 3: Natural sources of mercury emission (Original)
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Table 4: Monitoring mercury in the atmosphere

Authors Country location Year Type of Concentration Measuring Tool
mercury (ng m=)

Elaine Cairns Canada Utrban area 2009 GEM 1.89 £ 0.62 Mercury Vapor Ana-

etal. (Toronto) lyzer

42)

Lee et al. England Utrban area 1995 TGM 205+ 15 Mercury Vapor Ana-

(43) (Harwell) lyzer

Benedetto et Mexico Utrban area 2020 GEM 30.23 Portable Vapor Ana-

al. (Mexico lyzer

(44) City) (Lumex RA 915 M)

China 6.5%37

WANG (Beijing) Utrban area 2005 Hg? Automated Mercury

Zhang et al. China 135+ 71 Analyzer RA-915+

) (Beijing)

ShaofengWang China Lanmuchang 2003 TGM 352 %261 Dynamic Flux Cham-

etal. (Guizot) Hg mining ber (DFC)

(46) area

Ebinghaus et Irish Coast area 2001 TGM 1.75 Automated

al. (Mace (6-year Atomic Fluorescence

47) Head) mean) (AFS) analyzer

Kock et al. Irish Coast area 2004 TGM 1.04 Cold Vapor Atomic

(48) (Zingst) (6-year Fluorescence
mean) Spectrophotometry

(CVAFS)

Ewa Korejwo Poland Coast area 2017 GEM 1.7 atomic absorption

etal (Gdynia) spectroscopy

49) (DMA-80 mercury

analyser)

W.angberg et - Mediterranean 1999 RGM 1.6-24 Mercury Vapor Ana-

al. region lyzer

(50) (Tekrant 2537A)

Steffen et al. Canadian snow area 2000 GEM 3.25 Mercury Vapor Ana-

(61 (Arctic) lyzer

(Tekrant 2537A)

Xuewu Fu et China Mountain area 2005 TGM 3.98 Mercury Vapor Ana-

al. (Tibetan lyzer

(52) plateau) (Tekrant 2537A)

Cardiovascular disease (CVD)

The heart is the most important organ of the
body for survival, whose task is to pump blood
throughout the body. Delivering oxygen and nu-
trients to the organs and transferring carbon di-
oxide to the lungs (for its exit from the body by
exhalation) is done by pumping blood. Every
human heart can pump more than 7.5 cubic me-
ters of blood daily (53). Cardiovascular disease is

Available at:  http://ijph.tums.ac.ir

a type of disease that causes dysfunction of the
heart and blood vessels. The term CVD includes
cardiovascular diseases, such as coronary heart
disease, peripheral arterial disease, rheumatic
heart disease, congenital heart disease, and pul-
monary embolism (54). Many factors play a role
in causing this disease, including environmental
factors (such as air pollution), genetic issues, nu-
trition, lifestyle change, social change, drug
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treatment and underlying diseases (high blood
pressure, diabetes mellitus, obesity, and high
blood cholesterol) (55). This disease is recognized
as one of the most important causes of death
worldwide, causing the death of 18 million peo-
ple worldwide in 2015. Although this disease is
increasing in developing countries, it has de-
creased significantly in developed countries. The
average age of death due to cardiovascular dis-
eases in developed countries is 80, but in devel-
oped countries it is 65 (506).

Heavy metals and health effects

Heavy metals are necessary for the life of living
organisms in small amounts, but if their amount
increases in the body, they cause many problems.
It is necessary to explain that each heavy metal
has a target organ. Over time, they can be stored
in that tissue and cause the destruction of that
tissue or organ. Although all the health organiza-
tions in the world have declared that excessive
exposure to heavy metals has adverse effects on
humans, long-term exposure to them is still in-
creasing in many parts of the world (57). The
most common heavy metals in breathing air are
arsenic, cadmium, lead, nickel and mercury, all of
which pose risks to human health and the envi-
ronment. By moving the main metals from their
natural binding sites to protein sites, heavy metals
cause cell dysfunction and ultimately toxicity. Ox-
idative deterioration of biological macromole-
cules is primarily due to the binding of heavy
metals to DNA and nuclear proteins (58). Arse-
nic, lead, mercury, cadmium and chromium by
affecting the sulthydryl group of cells, proteins,
nucleic acid, membranes, lipids, as well as binding
with cysteine, glutamate and histidine ligands
cause disruption in cellular respiration, cellular
enzymes and mitosis (59).

Mercury as a risk factor for cardiovascular dis-
eases

Heart diseases are one of the most important
diseases in the world. Despite significant
advances in the treatment of CVD, there are
approximately one million deaths per year in the
United States. About 82% of deaths in

1041

developing countries are related to CVD (60).
WHO stated that the death rate is closely related
to many factors, including the age and income of
people, so that in developed and industrialized
countries, the death rate due to cardiovascular
disease is much lower than in low-income
countries. This organization also stated that as
people age, the possibility of suffering from heart
disease will increase. (61). In 2015, when there
were more than 400 million deaths and 18 million
deaths from CVD, the share of deaths in high-
income countries from cardiovascular disease had
declined. The researchers said that the annual
death rate of CVD will reach 23.6 million by
2030 (62). Cardiovascular diseases are affected by
environmental factors, diet and lifestyle. They are
of great public health importance (63). The
effects of confounding variables are complex,
including potential mediators and moderators
(risk modifiers). These complex pathways include
individual characteristics (e.g., age, gender,
race/ethnicity), socioeconomic status, behavioral
habits (e.g., dietary habits); Dose of heavy metals;
Health condition (64). Ischemic heart disease
(IHD) and stroke are two key factors in the
development of CVD. There are various diseases
in all countries of the world, but cardiovascular
disease is very common in Asian countries, so
that it was the most important cause of death in
2019. 35% of all deaths in Asia (10.8 million
deaths) were due to cardiovascular disease. More
than 35% of these CVD deaths were untimely
(Death of people under 70 yr old). Premature
deaths were much higher than premature deaths
from heart disease in the United States (24%),
Europe (21%) and worldwide (35%) (65). The
most common causes of CVD in Asia include
IHD and stroke, the epidemics of which vary
considerably between regions and countries in
Asia. In Central Asia (62%), West (60%) and
South (57%), IHD It is more prevalent, but
stroke was the most common cause of death
from cardiovascular disease in FEast and
Southeast Asia (66). The death rate due to
ischemic heart disease is significantly different
from the death rate due to heart attack in some
Asian countries. For example, the death rate due
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to ischemic heart disease in Lebanon and
Uzbekistan is much higher than the death rate
due to heart attack. However, in the countries of
Vietnam and Myanmar, the death rate due to
heart attack is higher than ischemic (67, 68).

Mechanism  of  effect
cardiovascular disease

Mercury simultaneously binds to molecules
containing thiol (-SH) and selenium, which finally
form selenium-mercury complexes. On the other
hand, the level of selenium has a direct
relationship with the activities of enzymes, so
that a decrease in selenium causes a decrease in
the activity of superoxide dismutase and catalase
(609). In addition, one of the body's defenses
against mercury is binding to glutathione, which
can reduce cellular defenses against oxidation.
Mercury is likely to be excreted from the body
through glutathione-mercury complexes (70).
Increased reactive oxygen species (ROS) and
decreased activity of dangerous antioxidant
enzymes are two important risk factors for
cardiovascular disease. In addition, mercury plays
a key role in enhancing LDL oxidation and can
disrupt the phospholipid integrity of plasma
membranes through foreign phosphatidylserine
(71). Inactivation of paraoxonase, an extracellular

of mercury on

‘ Increased oxidation(LDL)

Impaired phospholipid integrity of the plasma
| Membrane Inactivation of paraoxonase

Selenium mercury
complexes

SE

Increase in reactive oxygen(ROS)

antioxidant enzyme that causes HDL inefficiency,
is another mechanism that causes the deleterious
effects of mercury on cardiac disorders. This
enzyme is also very important as an LDL
antioxidant and can cause atherosclerosis (72).
Even in animals, mercury can cause several
inflammatory diseases in the heart (73). Mercury
plays a key role in causing cardiovascular
problems by producing arachidonic acid
metabolites that can cause an inflammatory
reaction (74). According to Salonen et al's
research, increased levels of mercury in hair and
excessive consumption of fish (contaminated
with mercury) increase the risk of heart attack.
(75).

Mercury-induced oxidative stress can damage
myocardial ~ tissue,  as evidenced by
epidemiological studies. Mercury can have a
deleterious effect on the heart by inducing
oxidative stress, reducing sulfhydryl groups, and
altering mitochondrial function (76).
Antioxidants are a good protector of the body's
immunity against the toxicity caused by
methylmercury. However, mercury can reduce
the antioxidant defense capacity by disrupting the
redox balance (77). The mechanism of mercury's
effect on cardiovascular diseases is shown in Fig.

4.

| Arteriosclerosis
Acute myocardial infarction
» Cardiovascular disease
i ‘ coronary heart
| Chlorotid artery stenosis

Decreased glutathione activity ‘
Decreased catalase activity
Decreased superoxide dismutase activity

\ Cardiovascular

c A AR .. ‘ disease risk |
' Species Reducing the activities of dangerous antioxidant enzymes .
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Fig. 4: Mechanism of effect of mercury on cardiovascular disease (Original)

How much methylmercury intake can be
consumed so that the blood level does not
exceed the standard level? The EPA defined
RFD as a daily exposure to the human
population that is likely to have no adverse
effects throughout life (EPA, 2002). The RFD
principle for safe exposure to hazardous
substances has been accepted in epidemiological
studies. EPA stated that the RfD for
methylmercury is 0.1 pg/kg.day (78).

One of the limitations of the present study is the
lack of examination of various aspects of disor-
ders caused by exposure to mercury.

Conclusion

Mercury comes in three forms: inorganic mercury
(such as liquid metal mercury and mercury vapor,
mercury salts, and divalent mercury) and organic
mercury (such as methyl mercury, ethyl mercury,
and phenyl mercury). The chemical structure of
mercury causes different biological behaviors.
Most of the human and health risks associated
with mercury are due to the use of dental
amalgam, the use of cosmetics, exposure to
ASGM, the consumption of rice, seafood such as
fish and fresh water. Cardiovascular diseases are
affected by environmental factors, diet and
lifestyle. They are of great public health
importance. Possible mechanisms of mercury
toxicity in CVD include: Mercury—selenium
interaction, Promotion of lipid peroxidation and
oxidative stress.

Journalism Ethics considerations

Ethical issues (Including plagiarism, informed
consent, misconduct, data fabrication and/or
falsification, ~ double  publicaton  and/or
submission, redundancy, etc.) have been
completely observed by the authors.

Funding

1043

“The authors declare that no funds, grants, or
other support were received during the
preparation of this manuscript.”

Conflict of interest

The authors declare that there is no conflict of
interest.

References

1. WHO (2019).Preventing disease through healthy
environments: exposure to lead: a major
public health concern. WHO, 9240037632.

2. Lamborg CH, Hammerschmidt CR, Bowman
KL, et al (2014). A global ocean inventory of
anthropogenic mercury based on water
column measurements. Naure, 512(7512):65-
8.

3. Bank MS(2012). Mercury in the Environment.
Unniversity of Calffornia Press.

4. Higueras P, Fernandez-Martinez R, Esbri JM, et
al(2015). Mercury soil pollution in Spain: a
review. Environment, Energy and Climate Change,
135-58.

5. Zadnik V, Pompe-Kirn V(2007). Effects of 500-
year mercury mining and milling on cancer
incidence in the region of Idrija, Slovenia. Co//
Abntropol, 31(3):897-903.

6. Genchi G, Sinicropt MS, Carocci A, et al (2017).
Mercury exposure and heart diseases. Int |
Environ Res Public Health, 14(1):74.

7. LiY, Zhao J,1iY, Xu X, et al(2015). Studies on
the environmental health effects and
ecotoxicology of mercury by synchrotron
radiation-based  techniques.  Scientia  Sinica
Chinica, 45(6):597-613.

8. Roth GA, Johnson C, Abajobir A, et al(2017).
Global, regional, and national burden of
cardiovascular diseases for 10 causes, 1990 to
2015. ] Am Coll Cardiol, 70(1):1-25.

9. WHO(2007). Preventing disease through healthy
environments: exposure to mercury: a major
public health concern. World Health
Organization.

Available at:  http://ijph.tums.ac.ir



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Available at:

Neisi et al.: Exposure to Mercury in the Air and its Effect on Cardiovascular ...

Sinicropi MS, Caruso A, Capasso A, et al (2010).
Heavy metals: Toxicity and carcinogenicity.
Pharmacologyoniine,2:329-33.

Carocci A, Catalano A, Lauria G, et al (2010).
Lead toxicity, antioxidant defense, and
envitonment. Rev Environ Contam  Toxicol,
238:45-67.

Sinicropi MS, Amantea D, Caruso A, et al (2010).
Chemical and biological properties of toxic
metals and use of chelating agents for the
pharmacological ~ treatment  of  metal
poisoning. Arch Toxicol, 84(7):501-20.

Bernhoft RA(2012). Mercury toxicity and
treatment: a review of the literature. | Environ
Public Health, 2012: 460508.

Driscoll CT, Mason RP, Chan HM, et al. (2013)
Mercury as a global pollutant: sources,
pathways, and effects. Ewmviron S Technol,
47(10):4967-83.

Ballatori N, Clarkson TW/(1985). Biliary secretion
of glutathione and of glutathione-metal
complexes. Fundam Appl Toxucol, 5(5):816-31.

Ullrich SM, Tanton TW, Abdrashitova SA
(2001). Mercury in the aquatic environment: a
review of factors affecting methylation. Critical
Reviews in Environmental Science and Technolggy,
31(3):241-93.

Fitzgerald WF, Lamborg CH, Hammerschmidt
CR (2007). Marine biogeochemical cycling of
mercury. Chen Rey, 107(2):641-62.

Clatkson TW, Vyas JB, Ballatori N(2007).
Mechanisms of mercury disposition in the
body. Aw | Ind Med, 50(10):757-64.

Compeau G, Bartha R(1985). Sulfate-reducing
bacteria: principal methylators of mercury in
anoxic estuarine sediment. _App/ Environ
Mierobiol, 50(2):498-502.

Dargahi A, Rahimpouran S, Rad HM, et
al(2023). Investigation of the link between the
type and concentrations of heavy metals and
other elements in blood and urinatry stones
and their associaion with environmental
factors and dietary patterns. | Trace Elem Med
Biol, 80:127270.

Clarkson TW, Magos 1(20006). The toxicology of
mercury and its chemical compounds. Cri# Rev
Toxcol, 36(8):609-62.

Pacyna EG, Pacyna |, Sundseth K, et al(2010).
Global emission of mercury to the
atmosphere from anthropogenic sources in

http://ijph.tums.ac.ir

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33,

2005 and projections to 2020. _Anmuospheric
Environment, 44(20):2487-99.

Futsaeter G, Wilson S, editors(2013). The UNEP
global  mercury  assessment:  sources,
emissions and transport. E3S Web of
Conferences, EDP Sciences.

Cohen MD, Draxler RR, Artz RS, et al(2010).
Modeling the global atmospheric transport
and deposition of mercury to the Great
LakesGlobal —atmospheric  transport and
deposition of mercury to the Great Lakes.
Science of the Anthropocene, 4.

Pacyna JM, Travnikov O, De Simone F, et
al(2016). Current and future levels of mercury
atmospheric pollution on a global scale. .A#xz0s
Chem Phys, 16(19):12495-511.

Lindberg SE, Brooks S, Lin C-J, et al (2002).
Dynamic oxidation of gaseous mercury in the
Arctic troposphere at polar sunrise. Environ
S Technol, 36(6):1245-56.

Mason R, Pirrone N, Hedgecock 1, et al (2010).
Conceptual overview. Hemispheric Transport of
Air Pollution 2010: Part B: Mercury. 1-26.

Selin NE, Jacob DJ, Park RJ, et al(2007).
Chemical ~cycling and deposition  of
atmospheric mercury: Global constraints
from observations. ] Geophys
Res,112(D02308).

Munthe |, Kindbom K, Pacyna J, et al(2010).
Study on mercury sources and emissions, and
analysis of cost and effectiveness of control
measures-“UNEP  Paragraph 29 study”.
DTIE, Chenicals  Branch, United Nations
Environment Program (UNEP), 70pp.

Rafaj P, Cofala |, Kuenen J, et al (2014). Benefits
of European climate policies for mercury air
pollution. Amosphere, 5(1):45-59.

Wilson S, Munthe ], Sundseth K, et al(2010).
Updating Historical Global Inventories of
Anthropogenic Mercury Emissions to Alir.
AMAP Technical Report No. 3 (2010).
AMAP.

Pacyna JM, Sundseth K, Pacyna EG, et al(2010).
An assessment of costs and benefits
associated with mercury emission reductions
from major anthropogenic sources. | Air
Waste Manag Assoc, 60(3):302-15.

Wilson S, Kindbom K, Yaramenka K, et al
(2012). Part A: global emissions of mercury to
the atmosphere. In: Technical Backgronnd Report

1044



34.

35.

36.

37.

38.

39.

40.

41.

42.

43,

1045

Iran J Public Health, Vol. 53, No.5, May 2024, pp.1033-1046

to the  Global
UNEP/AMAP.

Driscoll CT, Mason RP, Chan HM, et al (2013).
Mercury as a global pollutant: sources,
pathways, and eftects. Ewmviron Sci Technol,
47(10):4967-83.

Lalonde JD, Amyot M, Doyon MR, et al (2003).
Photo-induced Hg (II) reduction in snow
from the remote and temperate Experimental
Lakes Area (Ontatio, Canada). Jourmal of
Geophyysical Research (Atmospheres),
108(D6):4200.

O'Connor D, Hou D, Ok YS, et al (2019).
Mercury  speciation, transformation, and
transportation in soils, atmospheric flux, and
implications for risk management: A critical
review. Environ Int, 126:747-61.

Neisi A, Farhadi M, Cheraghian B, et al (2024).
Consumption of foods contaminated with
heavy metals and their association with
cardiovascular disease (CVD) using GAM
software (cohott study). Heliyon, 10(2):¢24517.

Tabandeh L, Khorramabadi GS, Karami A, et al
(2016).  Evaluation of heavy metal
contamination and scaling and corrosion
potential in drinking water resources in
Nurabad city of Lorestan, Iran. International
Journal of Pharmacy & Technology, 8:13137-54.

Sundseth K, Pacyna JM, Banel A, et al (2015).
Climate change impacts on environmental
and human exposure to mercury in the

Mercury — Assessment.

Arctic.  Imt ]  Emviron  Res  Public
Health,12(4):3579-99.
Chen L, Wang H, Liu J, et al(2014).

Intercontinental transport and deposition
patterns of atmospheric mercury from
anthropogenic ~ emissions.  _Awmos  Chem
Phys,14(18):10163-10176.

Pirrone N, Cinnirella S, Feng X, et al(2010).
Global mercury emissions to the atmosphere
from anthropogenic and natural sources.
Atmos Chem Phys, 10(13):5951-64.

Cairns E, Tharumakulasingam K, Athar M, et
al(2011).  Source,  concentration,  and
distribution of elemental mercury in the
atmosphere in Toronto, Canada. Enwviron
Pollnt,159(8-9):2003-8.

Lee DS, Dollard GJ, Pepler S(1998). Gas-phase
mercury in the atmosphere of the United
Kingdom. _Asmospheric Environment, 32(5):855-
04.

44,

45,

46.

47.

48.

49.

50.

51

52.

53.

54.

55

Schiavo B, Morton-Bermea O, Salgado-Martinez
E, et al (2022). Health risk assessment of
gaseous elemental mercury (GEM) in Mexico
City. Environ Monit Assess, 194(7):456.

Wang Z-w, Chen Z-s, Duan N, et al (2007).
Gaseous elemental mercury concentration in
atmosphere at urban and remote sites in
China. | Environ Sei (China), 19(2):176-80.

Wang S, Feng X, Qiu G, et al (2005). Mercury
emission to atmosphere from Lanmuchang
Hg—Tl mining area, Southwestern Guizhou,
China. Atmospheric Environment, 39(39):7459-
73.

Ebinghaus R, Kock HH, Coggins AM, et al
(2002). Long-term  measurements  of
atmospheric mercury at Mace Head, Irish
west coast, between 1995 and 2001.
Atmospheric Environment, 36(34):5267-76.

Kock HH, Bieber E, Ebinghaus R, et al B(2005).
Comparison of long-term trends and seasonal
variaions ~ of  atmospheric = mercury
concentrations at the two European coastal
monitoring stations Mace Head, Ireland, and
Zingst, Germany. _Atmospheric  Environment,
39(39):7549-56.

Korejwo E, Saniewska D, Beldowska M (2020).
Fractionation of mercury in aerosols of the
southern Baltic coastal zone. _A#mospheric
Environment, 235:117623.

Wingberg I, Munthe |, Pirrone N, et al(2001).
Atmospheric  mercury  distribution  in
Northern Europe and in the Mediterranean
region. Awmospheric Environment, 35(17):3019-
25.

Steffen A, Schroeder W, Bottenheim J, et al
(2002). Atmospheric mercury concentrations:
measurements and profiles near snow and ice
surfaces in the Canadian Arctic during Alert
2000. Atmospheric Environment, 36(15):2653-61.

Fu X, Feng X, Zhu W, et al (2008). Total
gaseous mercuty concentrations in ambient
air in the eastern slope of Mt. Gongga, South-
Eastern fringe of the Tibetan plateau, China.
Atmospheric Environment, 42(5):970-9.

Peate 1(2020). The circulatory system. British
Journal of Healtheare Assistants, 14(11):548-553.

Mendis S, Puska P, Norrving B, et al (2011).
Global atlas on cardiovascular disease
prevention and control. WHO.

. Jackson CL, Redline S, Emmons KM(2015).

Sleep as a potential fundamental contributor

Available at:  http://ijph.tums.ac.ir




56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

60.

Available at:

Neisi et al.: Exposure to Mercury in the Air and its Effect on Cardiovascular ...

to cardiovascular health disparities. ~Awnnu Rey
Public Health, 36:417-40.

Kelly BB, Fuster V. Promoting cardiovascular
health in the developing world. a eitical
challenge to achieve global health. Washington
(DCO): National Academies Press (US); 2010.

Khlifi R, Hamza-Chaffai A(2010). Head and
neck cancer due to heavy metal exposure via
tobacco smoking and professional exposure:
a review. Toxicol Appl Pharmacol, 248(2):71-88.

Flora S, Mittal M, Mehta A(2008). Heavy metal
induced oxidative stress & its possible reversal
by chelation therapy. Indian | Med Res,
128(4):501-23.

Jaishankar M, Tseten T, Anbalagan N, et al
(2014). Toxicity, mechanism and health
effects of some heavy metals. Inserdiscip
Toxicol, 7(2):60-72.

Rosamond W, Flegal K, Friday G, et al(2007).
Heart disease and stroke statistics—2007
update: a report from the American Heart
Association Statistics Committee and Stroke
Statistics Subcommittee. Circulation,
115(5):e069-171.

Organization WH(2004). Rheumatic Fever and
Rheumatic Heart Disease: Report of a WHO
expert Consultation, Geneva, 29 October-1
November, 2001: WHO.

Control CfD, Prevention (2002). The burden of
chronic diseases and their risk factors:
national and state perspectives, CDC.

Lopez AD, Mathers CD, Ezzati M, et al (2000).
Global and regional burden of disease and
risk factors, 2001: systematic analysis of
population health data. Langer,
367(9524):1747-57.

Kraemer HC, Stice E, Kazdin A, et al (2001).
How do risk factors work together?
Mediators, moderators, and independent,
overlapping, and proxy risk factors. Am |
Prsychiatry, 158(6):848-56.

Institute for Health Metrics and Evaluation
(IHME). Findings from the Global Burden of
Disease Study 2017. Seattle, WA: IHME,
2018.
https://www.healthdata.org/sites/default/fil
es/files/policy_report/2019/GBD 2017 Bo
oletpdf

Nepogodiev D, Martin |, Biccard B, et al(2019).
Global burden of postoperative death. Lasnce,
393(10170):401.

http://ijph.tums.ac.ir

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

Zhao D, Liu ], Wang M, et al (2019).
Epidemiology of cardiovascular disease in
China: current features and implications. Na#
Rev Cardiol, 16(4):203-12.

Zhao D, Lin J, Wang W, et al (2008).
Epidemiological transition of stroke in China:
twenty-one—year observational study from the
Sino-MONICA-Beijing ~ Project.  Stroke,
39(6):1668-74.

Farina M, Aschner M, Rocha JBT(2011).
Oxidative  stress  in  MeHg-induced
neurotoxicity.  Toxicol  Appl  Pharmacol,
256(3):405-17.

Zalups RK(2000). Molecular Interactions with
Mercury in the Kidney. Pharmacol Rew,
52(1):113-43.

Moris D, Spartalis M, Spartalis E, et al (2017).
The role of reactive oxygen species in the
pathophysiology of cardiovascular diseases
and the clinical significance of myocardial
redox. Ann Trans! Med, 5(16):326.

Kulka M (2016). A review of paraoxonase 1
properties and diagnostic applications. Po/ |
Vet Sai, 19(1):225-32.

Mallat 7, ILambeau G, Tedgui A(2010).
Lipoprotein-associated and secreted
phospholipases Az in cardiovascular disease:
roles as biological effectors and biomarkers.
Cirenlation,122(21):2183-200.

Houston MC (2014). The role of mercury in
cardiovascular disease. | Cardiovase Dis Diagn,
2:5.

Salonen JT, Seppanen K, Nyyssonen K, et al
(1995). Intake of mercury from fish, lipid
peroxidation, and the risk of myocardial
infarction and coronaty, cardiovascular, and
any death in eastern Finnish men. Cirulation,
91(3):645-55.

InSug O, Datar S, Koch CJ, et al (1997).
Mercuric  compounds  inhibit  human
monocyte function by inducing apoptosis:
evidence for formation of reactive oxygen
species, development of mitochondrial
membrane permeability transition and loss of
reductive reserve. Toxzolgy, 124(3):211-24.

Lund B-O, Miller DM, Woods ]S (1993). Studies
on Hg(D-induced H202 formation and
oxidative stress in vivo and in vitro in rat
kidney —mitochondria.  Biochens  Pharmacol,
45(10):2017-24.

1046



Iran J Public Health, Vol. 53, No.5, May 2024, pp.1033-1046

78. World Health Organization (2000). Regional Europe. 2nd ed. ed. Copenhagen. WHO.
Office for E. Air quality guidelines for Regional Office for Europe.

1047 Available at:  http://ijph.tums.ac.ir



