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Review Paper
Assessing the Environmental and Health Adverse Ef-
fects of Mercury Released From Dental Amalgam: 
A Literature Review

This paper reviews the most available data on the possible adverse effects of mercury released 
from amalgam that comprises 50% pure mercury, 35% silver, 12-13 % tin, 2% copper, and up 
to 1% zinc, indium, platinum, and palladium. Despite the possible health risks of mercury from 
amalgam on the nervous, respiratory, renal, and endocrine systems, it is used in some countries; 
however, Sweden, Denmark, Canada, the United States, and Japan have long banned the use 
of amalgam. Amalgam restorations are one of the main mercury-releasing sources (1800-2700 
tons per year) of contamination. During chewing, grinding, brushing of teeth, breaking down 
of amalgam, and as the temperature of the oral environment increases, mercury vapor will be 
released. The mercury vapor enters the atmosphere, wastewater in dental offices, all systemic 
organs, especially the lower respiratory tract and can affect the renal-urinary system or enters 
breast milk, fetus, and finally, transmits to infants. The mercury level released from amalgam in 
blood, urine, hair, and nail of large populations of dentists, dental assistants, and pregnant women 
is higher than the safe levels. The main neurological and psychological effects of mercury vapor 
are sleep disorders, amnesia, mental disorders, hair loss, memory disturbances, multiple sclerosis, 
Parkinson’s disease, kidney diseases, gene toxicity, Alzheimer’s disease, Autism, skin allergies, 
cancer, infertility, low birth weight, and heart diseases. In order to avoid further amalgam risks to 
the dentists, dental assistants, pregnant women, and wildlife ecosystem, it is suggested to replace 
the dental amalgam with composite resins.
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1. Introduction

espite the fact that mercury amalgams 
share about 10% of the total world mer-
cury consumption, they have almost been 
used for more than two centuries and as 

a result, the safeguard and environmental issues have 
recently been considered by the World Health Organi-
zation (WHO) and scientists [1, 2]. Although there has 
been controversy over the systemic and environmental 
effects of dental amalgam, it is still considered a direct 
restorative material in some countries due to its strength, D
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high corrosion resistance, long-term clinical durability, 
and cost-effectiveness. Nevertheless, replacing old amal-
gam restorations will release large amounts of mercury. 
Mercury is considered a toxic element (Tables 1 and 2), 
which can pose detrimental impacts on the human ner-
vous system [1, 3], and even is regarded as the most dan-
gerous metal after plutonium [1].

Amalgam is a combination of mercury (50%) and other 
elements, including silver, tin, copper, and traces of zinc, 
indium, platinum, and palladium [4]. In addition to mer-
cury, other associated heavy metals are also toxic and of 
environmental concern. Figures 1, 2 and 3 illustrate the 
different pathways, through which mercury enters the at-
mosphere, water, foods, and human organs. 

The safe levels of total mercury, inorganic mercury, 
and methylmercury in the air are reported to be 2-10 ng/
m3, 0.02 μg/day, and 0.008 μg/day, respectively [5]. The 
standard levels of total mercury, inorganic mercury, and 
methylmercury in drinking water are about 2 ppb, 0.05 
μg/day, and 2.41 μg/day, respectively [5]. With regard 
to foods, the mean mercury intake is generally within 
the range of 2-20 μg/day, and its level in solid and liquid 
foods is 0.5 0.5 ppm; however, its average level in sea-
food (fish) ranges from 0.6 to 2.4 μg/day [5, 6]. Also, the 
average safe levels of total mercury in vegetables, fruits, 
cereals, wheat, and rice is 0.5, 1.1, 2.8, 2.4 μg/Kg, and 3 
ng/g, respectively [7, 8].

 Importantly, in contrast to other heavy metals, mer-
cury has an affinity to be concentrated in proteins and 
finally, in the brain with a half-life of about 1-18 years 
[9, 10]. Table 3 shows the total amount of mercury per 
year released from the dental clinics that enter into dif-
ferent environments, which is an environmental alert to 
human life.

According to Figures 1-3 there are several pathways 
that mercury and dental amalgam could harm the ecosys-
tem, animals, and human beings [11-14].

The first main largest source of mercury is draining 
from the wastewaters of the dental clinics. The released 
mercury discharges into the Publicly-Owned Treatment 
Works (POTWs), where mercury separates into a mix-
ture of sludge and biosolids [15, 16]. The mercury-bear-
ing sludges are then burned and the released mercury 
vapor enters the atmosphere, but the burnt biosolids are 
used as soil fertilizers [17]. Unfortunately, the fertilizers 
are enriched in mercury and are highly toxic to plants, 
human beings, and wildlife [18]. The second source of 
mercury is the excrete of amalgam-rich human wastes. 

It is reported that the feces of patients with amalgam 
fillings contain more than ten times mercury than those 
that have not used mercury fillings [19]. This source 
contributes to huge amounts of mercury (more than 8 
tons per year) in the U.S that discharges into the sewers, 
streams, lakes, and groundwaters [19]. The third source 
of mercury is released by cremation of human remains 
that discharges a large amount of mercury into the eco-
system and in particular, the soil [20]. Additional sources 
of mercury are also related to the high level of mercury 
vapor that diffuses inside and outside of the dental clinics 
or offices [21]. Table 2 displays the amount of mercury 
released from dental amalgam.

Despite considerable developments in amalgam tech-
nology, less attention has been given to the adverse 
health effects of mercury vapor released from amalgam 
in dental clinics. This study was done to introduce an 
overview of the environmental side effects of mercury 
and associated heavy metals released from amalgam fill-
ings by the ecosystem and humans and to encourage the 
dentists to replace the amalgam with alternative restor-
ative materials.

2. Materials and Methods

For data collection, English literature was searched 
using PubMed, Google Scholar, and ScienceDirect da-
tabases and the keywords, including “mercury released 
from amalgam”, other toxic “heavy metals”, and “side 
effects of amalgam” to survey the theme in recently pub-
lished data up to the year 2020. The inclusion criterion 
was studies on the toxicity of mercury released from 
amalgam restorations associated with human health. Out 
of 254 obtained articles, only 74 studies were found rele-
vant; thus, the published articles from 1982 to 2020 were 
evaluated. The exclusion criteria were articles that did 
not discuss widely side effects of mercury released from 
amalgam fillings or studies unrelated to human health 
risk effects. In this regard, the English abstracts and full 
texts of all the articles on the toxicity of mercury from 
amalgam and its adverse side effects were evaluated. 

3. Results and Discussion

Table 3 represents the global risks of 260-340 met-
ric tons/year mercury discharged into the environment 
that are the horrible alert to humans, wildlife, and plant 
[10]. This urges the Department of Environment in each 
city to measure periodically the level of mercury in air, 
drinking water, irrigating water, soil, cereal, wheat, rice, 
vegetables, fruits, meat, fish, and shrimp to determine 
the possible level of mercury contamination. Table 4 is 
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based on the different levels of mercury from amalgam 
in a population of about 3091 dentists, 80 dental assis-
tants, and 2779 pregnant women up to 2020; however, 
the complete data for each country were not available.

The data illustrate that the mean and range of mer-
cury and methyl mercury concentrations in the blood, 
urine, hair, and nail in dentists, dental assistants, and 
in the blood and breast milk of pregnant women of dif-
ferent countries are mostly higher than the “reference 
levels” proposed by the WHO [25]. This suggests that 
the amounts of mercury vapor from dental clinics are 
at high levels [40]; thus, it will be transferred into the 
lungs, cells, tissues, brain, breast milk, and infants [40]. 
It is noteworthy that other heavy metal constituents of 
the mercury amalgam from the amalgam wastes, dental 
clinics, and wastewaters are also of environmental con-
cern.40 In this context, Shraim et al. reported high mean 
values surpassing the safe levels of Hg (4.3 mg/L), Ag 
(0.49 mg/L), Sn (3 mg/L), Cu (10 mg/L), Zn (76 mg/L), 
Mg (14.4 mg/L), Mn (3 mg/L), Fe (3 mg/L), Sr (1.6 
mg/L), and Ba (6.9 mg/L) in wastewaters drained from 
the dental clinics, which pose a real hazard to the envi-
ronment [41]. Heavy metal constituents of some amal-
gams (Cr, Co, Cu, Ni, Pd, Sn, Zn, Ag, Pt, and Au) are 

reported to cause allergic reactions and symptoms, such 
as localized chronic inflammation around restorations 
and oral lichen planus [42].

The WHO has reported serious adverse effects due to 
the use of mercury amalgam that releases 1800-2700 
tons of mercury/year to the environment [43]. The first 
most exposed groups to mercury vapor are dentists and 
dental assistants because they are regularly and repeat-
edly working with the mercury amalgam and are at high 
health risks [44]. This is confirmed by the highest val-
ues of mercury (Table 4) in the blood (27.80 ug/L) and 
urine (64.46 ug/L) of the Iranian dentists, almost 5 and 
16 times higher than the “recommended safe levels” 
proposed by the WHO [22, 25]. Kasraei et al. indicated 
higher mercury concentration in the urine of the Iranian 
dentists compared with the ordinary people, but the level 
is below the toxic threshold [9]. The highest mercury 
concentration in the hair of the Iranian dentists is also 
higher than the normal level suggested by the WHO [25, 
26]; However, Zolfaghari et al. suggested that the use of 
masks by dentists may have a significant effect on low-
ering the absorbed dose of mercury by hair [27]. High 
levels of mercury are also reported in the blood (29.83 

Table 1. Relationship between mercury poisoning and other elements [4]

Highly ToxicToxicSlightly Toxic

MercuryThalliumLead

CadmiumArsenicArsenic

ArsenicSeleniumTin oxide

TinCopper--

Table 2. Types of dental stimuli and the amount of mercury vapor released [4]

Items Amount of Mercury (micrograms per cubic Meter)

Amalgam in normal mode 36

Chewing foods 68

Eating sweets 70

Tooth brushing 272

Completion and amalgam polishing 504

Amalgam polishing with water spray 597

Polishing amalgam without water spray 4295
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ug/L) of dentists in Pakistan and urine (12.40 ug/L) of 
the dentists in the Netherlands [35, 38]. 

The second group at the risk of mercury toxicity in-
cludes pregnant women [32, 45]. According to Table 4, 
the mercury level in pregnant women (> having more 

than four amalgam restorations) is higher than those with 
no amalgam restorations. Mirza Koochaki Borujeni et al. 
also reported a significant relationship between dental 
surfaces restored with amalgam and mercury concentra-
tion in breast milk [46]. A comparative test of mercury 
levels in the blood of 1117 pregnant women (with more 

Table 3. The amount of mercury used in dentistry and the pathways, through which enters the environment [10]

Global Releases/Pathways Mercury (Metric Tons/Year)

Atmosphere 50-70

Surface water 35-45

Groundwater 20-25

Soil 75-100

Recycling of dental amalgam 40-50

Sequestered, Secure disposal 40-50

Total 260-340

Figure 1. Mercury cycle from dental clinics to rocks, soil, water, sediments, plants, animals, and human beings [9]
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Figure 2. Mercury pathways released from amalgam in dental clinics [12]

Figure 3. Mercury vapor cycle released from dental amalgams and entering the human body [13, 14]
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Table 4. Mercury and methyl mercury* concentrations in blood, hair, nail, and urine of dentists, dental assistants, and pregnant women

Country Specimen

Mean (Range)

WHO 
(2003)

Control Dentists Dental 
Assistants

Pregnant Women or Mothers

(No Amalgam) (Amalgam >4)

Iran 
[22-27]

Blood (μg/L) - 15 (4.15-27.80) - - - 5

Urine (μg/L) - 17.13 (3.11-57.2) - - - 4

Nail (μg/g) - 3.54 (3.53-3.56) - - - 2

Hair (μg/g) - 2.84 (0.09-25.43) - 0.32 (0.13-1.7) 0.46 (0.11-3.57) 2

Breast milk 
(μg/L) 2.87 13.33 0.5

Glasgow,
Scotland 

[28]

Head hair 
(μg/g) 4 (1.2-9.9) 9.6 (1.2-160) 9.4 (1.9-288) - - -

Public hair 
(μg/g) 1.4 (0.7-6.5) 3.5 (0.7-404) 2.9 (0.6-27) - - -

Finger nails 
(μg/g) 3.4 (1.4-15) 68 (2.7-3070) 16.9 (1.3-2580) - - -

Blood (ng/g) 
d.w. 129 (100-154) 227 (67-518) - - - -

Blood*

(ng/g) d.w. 5.7*(1.9-13.7)* 27*(8.5-69.5)* - - - -

U.S.A 
[28-31]

Blood 
(ng/mL) 2.5 (0-5) 8.2 (0-31)

Urine 
(ng/mL) 3.4 15.3

Saliva
(ng/mL) 15 161

Maternal 
blood (μg/L) - 1.7

Cord blood 
(μg/L) - 4.3
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Country Specimen

Mean (Range)

WHO 
(2003)

Control Dentists Dental 
Assistants

Pregnant Women or Mothers

(No Amalgam) (Amalgam >4)

England 
[32, 33]

Urine 
(μmol/mol) - 1.73 - - - -

Blood (μg/L) - - - 1.84 2.28 -

Canada 
[31]

Maternal 
blood (μg/L) 5.41

Maternal 
blood*(μg/L) 4.32

Cord blood
(μg/L) 10.96

Cord blood* 
(μg/L) 9.73

Egypt [34]

Blood 
(μg/L) 7.74

Urine 
(μg/L) 10.02

Pakistan 
[35]

Blood 
(μg/L) 29.83

Turkey 
[36, 37]

Blood 
(μg/L) 35.7

Urine 
(μg/L) 6.29

Netherlands 
[10, 38]

Blood 
(μg/L) 4

Urine 
(μg/L) 12.4
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than 4 amalgam restorations) with a control group of 
4468 women without amalgam restorations indicated 
that the first population had low birth weight infants 
(<2500 g), while the second population without amal-
gam restorations had normal infants weighing more than 
2500 g [47].

Transferring mercury and methyl mercury from breast 
milk via maternal blood and cord blood to the placenta 
and fetus may cause serious health risks to the infants 
[31]. In this regard, the available data of mercury and 

methyl mercury in maternal blood and cord blood (Table 
4) in some countries are above the WHO safe level [31]. 

The third group that is prone to the mercury resulted 
from amalgam restorations are children aged 6-10 years, 
but the average level of mercury in their urine is esti-
mated to be 1.5 ug/L, almost close to the WHO safe level 
[29]. It is accepted that mercury released from dental 
amalgam reacts with proteins, amino acids, pyrimidine, 
and nucleic acids [31], thus, may cause the following 
disorders:

Country Specimen

Mean (Range)

WHO 
(2003)

Control Dentists Dental 
Assistants

Pregnant Women or Mothers

(No Amalgam) (Amalgam >4)

Spain
 [31]

Maternal 
blood (μg/L) 6.23

Maternal 
blood*(μg/L) 4.97

Cord blood 
(μg/L) 6.43

Cord blood 
(μg/L) 5.25

Sweden 
[31]

Maternal 
blood (μg/L) 0.32

Maternal 
blood*(μg/L) 0.73

Cord blood 
(μg/L) 0.34

Cord blood* 
(μg/L) 1.4

Brazil 
[31, 39]

Maternal 
blood (μg/L) 11.53

Cord blood 
(μg/L) 16.68

Japan 
[31]

Maternal 
blood (μg/L) 9.41

Cord blood 
(μg/L) 15.3
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1) Blood disturbances in the brain: Mercury levels 
up to 1 mg/L in the blood can disrupt bloodstream flow 
to the brain for several hours and disrupts the activity 
of cellular mitochondria and the nervous system [48]. 
One of the most important parts of the brain that absorbs 
mercury is the pituitary gland that absorbs mercury 10 
times more than the other parts of the brain [48]. Also, 
the increased serum levels of mercury are reported to be 
associated with an increase in white blood cells that may 
lead to leukemia [48].

2) Central Nervous System (CNS), kidney, and liv-
er: CNS, followed by the kidneys and liver are at the 
greatest risk (the most affected organs) after exposure to 
mercury vapor and methyl mercury [48]. According to 
Hsu et al., patients having more dental amalgam fillings 
are 1.583 times more at the risk of Parkinson’s Disease 
(PD) than the normal people without amalgam [49]. 
High level of mercury in kidneys produces tubular and 
glomerular damage [48, 50]. The psychopathological 
effects of excessive mercury absorption in the nervous 
system can cause ataxia, amnesia, irritability, depres-
sion, suicidal ideation, anger, shyness, and seizure [48]. 
because the half-life of mercury in nervous tissues is 27 
days, it is highly dangerous for the brain [48].

3) Alzheimer’s Disease (AD): Hsu et al. reported high 
concentrations of inorganic mercury in the brain tissues 
of AD patients [49]; thus, inorganic mercury could be a 
co-factor to cause AD [49]. Also, the association of mer-
cury with selenium in selenoproteins may cause neuro-
degenerative disorders and disruption of redox regula-
tion in the brain [51].

4) Autism: According to Mutter et al., the mercury re-
leased from dental amalgam fillings in maternal blood 
enters the placenta, fetus, and brains of infants and chil-
dren leading to autism in children [51]. However, the 
mercury levels in the hair of autistic children are report-
ed to be lower than the healthy children [51]. Based on 
the autopsy tests, there is a positive relationship between 
mercury concentration in the organs and brains of the 
children and infants and the number of dental amalgam 
restorations in their mother [51].

5) Multiple Sclerosis (MS): There are reports that some 
MS epidemics are caused by acute exposure to mercury 
vapor and lead toxicity [51]; however, the mercury levels 
in the liquor of MS patients having amalgam fillings are 
reported to be 7.5 times higher than the normal people 
[51]. In contrast, after removal of amalgam fillings, the 
MS patients have been reported to be less depressed and 
with a better psychotic social behavior [52]. A rare case 

of MS is amyotrophic lateral sclerosis, in which, high 
dose of mercury released from amalgam is absorbed by 
neurons that cause oxidative stress. A woman having 34 
amalgams in Sweden had amyotrophic lateral sclerosis, 
but she became healthy after removing her amalgams 
and treating with selenium and vitamin E [52].

6) Infertility: Infertility is another health risk that is 
reported to occur in women with numerous amalgam 
fillings, but the rate of infertility in dental assistants, who 
are commonly exposed to mercury released from dental 
amalgam is more than the other populations [52].

7) Skin allergies: This side effect of mercury amalgam 
is known as lichen planus lesions or contact allergies, 
which are more common in the skin and rarely occur in 
the oral mucosa [53]. Prolonged contact of the amalgam 
with the oral mucosa is necessary for the development 
of lichenoid lesions [54]. Marell et al. suggested that 
by replacing the amalgam restorations with alternative 
restorative materials, the rate of reduction of contact li-
chenoid lesions increases significantly [55]. Most of the 
allergic reactions are caused by heavy metal constituents 
of amalgam, in particular, Cr, Co, Cu, Ni, Pd, Sn, Zn, 
Ag, and Pt [42].

8) Heart diseases: The mercury level in heart muscle 
biopsies is shown to be 22,000 times higher than the nor-
mal control people [52]. The high mercury levels lead to 
high blood pressure and each microgram of mercury that 
is secreted from urine may increase the rate of heart at-
tack and circulatory diseases up to 1.36 times [52].

Other harmful health risks caused by a high dose of 
mercury vapor in dentists and assistant dentists include 
musculoskeletal disorders, hyperpigmentations, respira-
tory disorders, arrhythmia, hand tremor, upper extremi-
ties stiffness, neuropsychiatric symptoms of memory, 
sleep disorders, and decline in their long-term visual 
memory [9, 56-70]. 

Regarding the alternatives for dental amalgam, mercu-
ry-free dental materials have been widely used and avail-
able for many decades up to now [12, 71]. These include 
composite resins, glass ionomer cement, compomers, 
gallium-nickel-copper-tin alloy, and gold foil [71]. Giv-
en the fact that the resin composites are tooth-colored 
materials, they are more popular highly because of their 
aesthetic properties, providing micromechanical bond-
ing to the tooth structure, and easy tooth preparation than 
amalgam. However, some resin-based dental materials 
produce some contact allergens (e.g. formaldehyde) by 
degradation [72]. Glass-ionomers restorations are placed 
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by hand instruments and after cleaning the decayed area 
of teeth, a high-viscosity glass-ionomer is then placed in 
the tooth cavity under the Alternative Restorative Treat-
ment (ART) technique. In this method of restoration, no 
conventional dental equipment is needed [72]. 

4. Conclusions 

This review demonstrated that the concentration of mer-
cury from dental amalgam in the blood, urine, hair, and 
nail of dentists, assistant dentists, maternal blood, and 
breast milk is higher than the “reference level” suggested 
by the WHO; thus, dental amalgam poses a serious health 
risk. The health risk of mercury vapor caused by amal-
gam is more evident for pregnant women, lactating moth-
ers, infants, and children. The serious adverse effects of 
mercury include sleep disorders, amnesia, mental disor-
ders, hair loss, memory disturbances, multiple sclerosis, 
PD, kidney diseases, gene-toxicity, AD, Autism, skin 
allergies-cancer, infertility, low birth weight infants, and 
heart diseases. The WHO in 1997 has banned the use of 
amalgam fillings; however, the Environmental Protection 
Agency recommended the mandatory use of amalgam 
separators and alternative use of composite resins, glass 
ionomer cement, compomers, gallium-nickel-copper-tin 
alloy, and gold foil. Regarding the amalgam separators, 
researcher have been  suggested that the efficiency of the 
separators has not fully been explored.
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