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In the heavy and light industry, the food and pharmaceutical industry, there are chemicals that contain
metals with high toxic potential. Toxicity of metals is due to the harmful effect in certain forms and doses.
Some metals become toxic when they form soluble compounds or in a certain chemical structure at certain
doses (eg lead, mercury and candium). Not only heavy metals are toxic metals, there are also light metals
that can become toxic, some of which are essential elements (iron, selenium, copper, chromium, zinc) and
metals used therapeutically in medicine (aluminum, bismuth, gold, gallium, lithium and silver) may have
negative effects when administered in large quantities or the elimination from the human body is deficient.
Metal poisoning occurs through nutrition, medication, environmental factors. Most professional pollutants
with intraoral manifestations appear in the heavy industry. The oral cavity is an entry gate for various toxic
pathogens, so intoxications can be detected early due to the manifestations inside the mouth.
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Intoxication with various substances has often
generated different medical problems that sometimes
have complications associated with death. Forensics report
that alcohol, drugs or various metals have had such effects
[1-4]. The effects are stronger as the age or the conflicting
contexts add more vulnerability, or where nature creates
imbalances in the local chemical panel [5-8]

Lead enters the body by ingesting foods contaminated
with lead (plants growing in lead-rich soil or fish from
contaminated waters [9, 10]), by the use of lead-based
paints or in the urban environment, where lead-based petrol
is used in motor vehicles. Studies on mice have highlighted
the effect of this substance in cardiological disorders [11,
12], but also allowed the establishment of toxicity mobility
patterns in various areas [13-16].

Lead is found in paints, automotive components, hair
dyes, candy, PVC products, gasoline, potable water
(through pipe contact), soils using pesticides, firearms,
explosives. Ocean fish and refined chocolate are sources
of lead and mercury.

Lead is most commonly absorbed through the respiratory
or gastrointestinal route [17, 18], either in the occupational
context or through scientifically or naturally based
medication [18, 19]. It is initially distributed to soft tissues
(liver, kidney), then attached to bones, teeth or hair. Lead is
a chemical like calcium metal, the body assimilating it as
calcium. The transport pathway is plasma and the soft
tissue membranes are distributed to the teeth and bones.
Blood lead elimination time is 30 days but from bones it is
eliminated in 25 years. In the body, lead alters brain activity
- it inhibits intracellular messengers [20].

Lead in blood is measured in micrograms per deciliter, a
level of e” 5 mcg / dl indicating an acute lead intoxication.

Mercury is a metal in Block D of metals in the Periodic
System being one of the 6 liquid elements at room
temperature (mercury, gallium, cesium, francium,
rubidium-metal- and bromine-non metal) [21]. Mercury is
found in: polluted diesel fuel, cherosene, hot oil, soil, water,

coal, oil refineries, and crematoriums. It is widely used in
industry for the manufacture of various appliances
(thermometers, barometers, pressure gauges). In dentistry
it is used in the form of amalgam. Mercury is part of
thiomersal with a role in preserving vaccines. It is also
found in drops for the eyes, nose or ears and in various
antiseptic, diuretic or laxative preparations. Mercury is
found in economic bulbs, electrical outlets, thermostats,
ocean water where it is converted by bacteria into toxic
mercury that accumulates. Mercury is not toxic in its
insoluble form (as sulphide), but only in its soluble form as
chlorides or monomethylmercury (CH3Hg+). Due to the
cationic form, it can react with other anions, including the
-SH group in the structure of cysteine, glutathione,
homocysteine, metallothionins and albumin with which
they form covalent bonds. In general, intoxication occurs
after absorption through the skin or after vapor inhalation.
The organic compounds have a high toxicity (methyl-
mercury and dimethylmercury) that can cause acute or
chronic poisoning. Mercury affects the central nervous
system, endocrine system, kidneys, gums and teeth.
Prolonged exposure to mercury vapors causes damage to
the nervous system and eventually death [22].

Mercury can be dosed in blood, urine, hair, nails, and
cerebrospinal fluid. In acute poisoning, blood levels are
useful, and in chronic poisoning when measuring mercury
concentration in hair, a value of> 1.2 mcg / g supports
chronic intoxication. Methylmercury concentrates in
erythrocytes. Paresthesias occur at a level> 20 mcg / dL
of mercury in the blood. The value of> 50 mcg / dL in
chronic exposure increases the frequency of tremors. The
presence of mercury in the toenails indicates long-term
exposure to mercury, the average values of 0.45 mcg / g
should be correlated with the consumption of ocean fish
and seafood.

Arsenic is a heavy metal which in nature exists under
three alpha forms (white), beta (black), gamma (gray).
Arsenic is found in: pesticides, herbicides, fungicides, glass,
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ceramics, semi-conductors, paints, soaps, medicines,
fruits, contaminated drinking water, tobacco, wiskey.
Metallic arsenic enters into the composition of certain
organic or inorganic compounds, the inorganic ones
exhibiting higher toxicity [23-26]. Elemental arsenic is the
least toxic. Trivalent arsenic is very well absorbed through
the skin and is 60 times more toxic compared to
pentavalent that is well absorbed in the intestine. Arsenic
gas is very toxic. Arsenic toxicity is due to its effect on
cellular enzymes that cause oxidative metabolism and
repair the DNA. Mitochondria accumulates arsenic. Arsenic
inhibits succinyl dehydrogenase and decouples oxidative
phosphorylation. Arsenic interferes with mitochondrial
energy function in two ways: competition with phosphate
in the case of oxidative phosphorylation and inhibition of
NAD reduction. These mechanisms lead to a decrease in
ATP synthesis and increase the synthesis of peroxidases
with reactive oxygen species and oxidative stress.  People
most sensitive to poisoning are those with diets that are
deficient in vitamin B and antioxidants. Arsenic intoxication
is a disease caused by ingestion followed by absorption or
inhalation of dangerous levels of arsenic, is also possible in
case of acute intoxication with Paracetamol.

Plasma arsenic testing is useful, but rarely available;
the arsenic concentration should not exceed 50 mcg/L.

The diagnosis of arsenic intoxication is established after
determining the level of arsenic in the blood and urine. The
actual concentration of arsenic in the body can be
determined by blood arsenic levels only within the first 24h
of exposure. Organic arsenic compounds detected in urine
usually come from food (fish, seafood) if they were
consumed 12 days before harvesting, and the lab should
differentiate non-toxic arsenic from inorganic arsenic
(toxic). In hair follicles, arsenic can be detected 30 h after
exposure. In chronic poisoning, the urine arsenic level and
the arsenic concentration in pile follicles are also
examined, as well as the level of arsenic in drinking water,
since the correlation between increased arsenic
concentration in water and patient symptomatology is
useful for the diagnosis of chronic intoxication. Normal
arsenic level: Blood <50 micrograms / liter, urine <50
micrograms / 24h, normal arsenic concentration in urine
<30 micrograms / L.

Aluminum is the most abundant metal in the Earth’s
crust. Aluminum and aluminum salts are used in the agro-
food industr y, construction, transport, packaging,
pharmaceuticals, surgery, cosmetics, treatment of potable
water. It can be found in almost all foods (naturally present
in most fruit and vegetables, but is added to most food
products even in baby milk and is used as an additive, as a
preservative, coloring agent, adhesion agent, anti-caking
agent), drinking water (add aluminum sulphate to make it
transparent), anti-inflammatory pain medications,
buffered aspirin (may contain 10-20 mg aluminum /
tablet), antacids (contain approximately 300-600 mg
aluminum hydroxide - 104-208 mg aluminum / tablet /
capsule / 5 mL per liquid dose), vaccines (containing
aluminum compound as adjuvant not more than 0.85 mg
/ dose - most vaccines contain aluminum hydroxide to
increase vaccine efficacy), cosmetics (to facilitate the
absorption of creams in the skin, as a hardener for the nail
polish, to give the white color), shower products, deodorant
(90% of deodorants contain aluminum salts). It is used in
the manufacture of kitchen utensils, foil wrapping food,
beer and water cans. Aluminum phosphide is commonly
used for cereal processing. Aluminum fluoride used to treat
household water is the most dangerous compound. Its
absorption is through the lungs, skin, passes through

biological membranes and can accumulate in the body
after the abuse of aluminum-based antacids. It is an
additive that is put in the baking powder, is found in the
fluoride toothpaste in foods packed in aluminum and those
from greenhouses [27-29].

In the body, the aluminum after absorption is distributed
in almost all organs, the accumulation being in the bone
system, transforming into Al3 + affecting the metabolism
of calcium, iron, phosphorus, fluoride, and the maximum
admitted dose is 1.0 mg / kg / day. Aluminum can be dosed
in blood, faeces, urine. Urine analysis is the safest way to
detect excess aluminum because it is eliminated through
the urine. To determine the level of aluminum in the body,
hair is analyzed [30, 31].

Copper, even if it is a metal, becomes an indispensable
element of life, found in all tissues of the body, most of
which is found in the liver; smaller amounts are found in
the brain, heart, kidney and muscle. Copper helps the body
use iron in the blood, reducing the effects of free radicals
on tissues. Consuming copper can also prevent certain
illnesses or deficiencies such as allergies, baldness, AIDS,
leukemia, osteoporosis and gastric ulcer. Together with
iron, copper helps synthesize red blood cells [32].

The daily requirement for an adult is 2.5 mg and for
children the daily requirement is based on body weight:
0.05 mg Cu / 1 kilo bodyweight. Copper-rich food sources
are: meat (liver, kidney), crustaceans, mollusks, green
vegetables (leaves) and dried vegetables, fruits (nuts,
grapes and almonds). Copper from food consumed is
absorbed in the stomach and small intestine in a ratio of
only 30% and is stored in the liver, kidney, heart and brain.
The bones and muscles have low levels of copper, but being
in a large proportion in the body, about 50% of the total
amount of copper is distributed in the bones and muscles.

In spite of these beneficial effects, the poor dissipation
of copper in the body can lead to three rare diseases:

- Wilson’s disease, when the body is unable to regulate
copper absorption and so copper accumulates in the liver;

- Menkes disease, when the body cannot make copper
reserves, resulting in its lack;

- copper toxicosis (it is a disease of unknown origin and
very rare, especially in children), the copper accumulates
in the liver.

People working in mines or in processing copper ores
can encounter intoxication manifested through abdominal
cramps, nausea, diarrhea, vomiting, and anemia.

Combinations of Cu (II) have local irritant action, toxicity
in myocardial striated muscles causing paralysis and
cardiac arrest. Also, some combinations of Cu (II) produce
hemolytic anemia, toxicity manifested in the liver and
kidneys [33, 34].

Cu2+ ions form complex combinations with albumin or
lipid in the liver, kidney, pancreas, nervous system, bone.

Copper  dosing: in acute plasma poisoning (venous blood
is harvested), elevated serum copper (↑, ↑↑), normal
ceruloplasmin, normal hepatic copper level, increased
urinary copper (↑), in chronic intoxication in the urine from
the latest 24h, or in a sample of spontaneous urine, elevated
serum copper (↑), increased ceruloplasmin (↑), increased
liver copper level (↑, ↑↑), increased urinary copper (↑)
[35].

Bismuth is a metal used in the manufacture of low-
melting temperature alloys and in the form of combinations
(basic bismuth salts - bismuth substrate, bismuth
carbonate) is used in medicine (as insoluble salts with a
gastroprotective and antiseptic effect), in cosmetics (in
the manufacture of lipsticks, nail polish and eye shadow,
which confers a pearl color) and in the glass industry and
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is also found freely in nature or in the form of mineral (-
bismuthine and bismuth oxide). Bismuth alloys are used
for the manufacture of metallic materials, special welds
(welding of cast iron parts), plugs for automatic spraying
systems, electric fuses and many fire protection systems.
From an environmental point of view, bismuth is neither
toxic nor harmful to the environment. From an industrial
point of view, bismuth is considered one of the least toxic
heavy metals.

Although the degree of destruction is poor, bismuth and
its salts may cause kidney problems, and high doses may
be fatal. Bismuth poisoning can sometimes be fatal by
injecting large doses into closed body cavities (used as a
medicine), and by long-term application on burns (in the
form of bismuth-soluble compounds). In bismuth
poisoning, the symptoms are gastric ulceration, the
presence of albumin and other protein substances in the
urine, diarrhea, skin reactions and sometimes
exodermatitis, whereas in chronic poisoning one can
experience bismuth encephalopathy characterized by
confusion, myoclonus, and dysarthria.

Cadmium is a highly toxic heavy metal, dangerous even
when we are exposed to very low doses. It is mainly used
in the electro-galvanization process and in atomic-nuclear
reactors. It is found in food, water and air. Normal dietary
intake of cadmium varies between 2 and 200 ìg / day [36,
37].

The most important sources of cadmium are foods
grown in soils rich in this heavy metal and cigarette smoke,
about two thirds of the daily intake of cadmium comes
from vegetable sources and one third from animal sources
(mostly grains (26.9%), vegetables (16%) and starch-
containing roots (13.2%) potatoes representing 13.2%,
bread 11.7%, chocolate 4.3%, lettuce, spinach and other
leafy vegetables 3.9%, mollusks 3.2%, oceanic fish). For
people with low iron intake, cadmium absorption is 3.4
times higher than normal (adequate iron intake reduces
the absorption of this heavy metal). An important source
of cadmium is tobacco, a plant that has the ability to
accumulate cadmium regardless of the concentration
present in the soil. Cadmium content in tobacco varies
greatly, but the average concentration is 1-2 µg / g dry
substance (0.5-1µg / cigarette). Cadmium oxide produced
during tobacco smoke is very well absorbed by the body,
10% of the inhaled amount is stored in the lungs, and 30-
40% goes into the bloodstream; smokers have a blood
cadmium concentration that is 4-5 times higher than non-
smokers and in the kidneys 2-3 times higher than these.

The acute toxic effects of cadmium depend on the route
of exposure. Once entered into the body, it is very easily
stored by it, therefore it accumulates throughout life. It
accumulates in the organs because there is no active
mechanism to remove it and only 0.001% of the amount of
cadmium in the body is eliminated daily. Cadmium is very
toxic for the kidneys (the main organ in which it
accumulates), causing kidney damage (tubular and / or
glomerular dysfunction with proteinuria, alteration of urine
concentration capacity and decreased clearance to inulin);
the amount accumulated in the kidneys is over 18 times
higher than that accumulated in the liver. Inhalation of large
amounts of cadmium particles produces in the first stage
fever, headache, nausea, vomiting, nasopharyngeal
irritation, coughing, shortness of breath, followed by
installation of a chemical pneumonia and possibly a fatal
acute pulmonary edema. Chronic exposure to cadmium
particles in breathing air can cause pulmonar y
emphysema. Cadmium can cause bone demineralization
(disturbance of bone metabolism with osteomalacia,

osteoporosis and increased risk of spontaneous fractures),
and when absorbed directly from the atmosphere, the risk
of lung cancer increases considerably. Cadmium
nephrotoxicity can be manifested by proteinuria, calcium,
aminoaciduria, glycosuria, or destruction of renal tubular
cells and glomerular fibrosis. It remains in the kidneys
throughout life with a half-life of 30 years. Thus, even if no
new amounts of cadmium are ingested, there may be
symptoms of intoxication. Exposure to small amounts of
cadmium for prolonged periods can cause renal blockage,
early onset of kidney complications associated with
diabetes, osteoporosis, fluctuating blood pressure and a
high risk of cancer. In the case of pregnancy, a high
consumption of cadmium-containing foods or smoking
results in a higher rate of premature birth, and in the case
of breastfeeding they have caused obesity and early
adolescence in puberty. In terms of lung cancer, cadmium
is considered a substance that favors its appearance, and
given that cigarettes are an important source of cadmium,
they are also a determining factor in the development of
lung cancer. Cadmium is also associated with an increased
risk of breast, prostate and colon cancer. It may also harm
the testicles.

Dosage of cadmium in the blood: diagnosis of acute or
chronic exposure to cadmium, cadmium in urine:
monitoring of chronic intoxication and estimation of
cadmium loading. Reference values: cadmium in the
blood: non-smokers: 0.3-1.2µg / L, smokers: 0.6-3.9 µg / L;
Occupational exposure: SBL (safe biological limit) = 5 µg
/ L; cadmium in urine: non-smokers <2 µg / g creatinine,
<3µg / 24 h, LBT = tolerated bioavailability = 5µg / g
creatinine; conversion factor: µg / L x 8.897 = nmol / L;
nmol / L x 0.112 = µg / L.

Vanadium is mainly used as Fe-V alloy - ferrovanadium -
in the production of alloyed steels - because it improves
mechanical properties, increases hardness, shock
resistance and resistance to corrosion. It is also used in
nuclear reactors with fast neutrons. Vanadium carbide is
also used in alloyed steels for the manufacture of chemical
apparatus. Vanadium pentoxide is a good catalyst in
oxidation reactions.

Vanadium is an active agent in stimulating body
metabolism, being particularly useful for bone growth, tooth
hardening, adequate thyroid function, fertility and hormone
production. The daily dose required for the human body is
10-100 micrograms per day. Natural sources of vanadium
are found in seafood, radishes, bread, whole grain cereals,
vegetables, nuts, oils, strawberries, black pepper, mollusks,
mushrooms, seeds, dill, parsley, soy, wheat, olive oil, olives,
gelatine, rice, chicken, duck meat, fish, peanut butter, eggs,
beer, wine. Vanadium is also a mineral that is found in the
air. Most vanadium is excreted through the faeces, only 5-
10% being effectively absorbed.

If vanadium is not used as present in the natural
compounds, it can be toxic, because inorganic salts of
vanadium are not soluble enough, it is difficult to absorb
having a high toxicity, the effects of this fact can be:
vomiting, bloating, abdominal cramps, anemia, decreased
white blood cell count, growth deficit, liver and nervous
system damage, kidney failure, diarrhea and loss of
appetite and even death. The toxodynamic mechanism of
the pentavalent vanadium is determined by the fact that it
is an inhibitor of the sodium / potassium enzyme
membrane. Also, vanadium that is administered in
relatively high intraperitoneal doses in mice resulted in
decreased glutathione, NADPH and NADH. In cytochrome
P450, vanadium inhibits the dealkylation of some drugs
[38].
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Odonto-dental aspects
Acute poisoning with toxic metals in the buco-maxillo-

facial area can range from simple loco-regional
inflammatory reactions to pronounced necrotic and
haemorrhagic lesions [34-37].

In acute poisoning, we observe changes in both the
vestibular mucosa and the teeth. At the level of the vestibular
mucosa, we recognize the following lesions:

- abundant sialorrhea (excessive secretion of saliva) ,
which is caused by the salts of antimony;

- discoloration of vestibular mucosa: yellowish vestibular
mucosal staining by contact with rivanol, picric acid, etc.,
the brown color of the vestibular mucosa but also of the
teeth may appear in nicotine intoxications, iron salts, iodine
vapors; bluish or greenish coloration in copper poisoning
or medicines stained with methylene blue;

- erosions (exulcerations) of the vestibular mucosa that
are caused by zinc chloride in concentrated solution and
dilute mercury solutions;

- Acute toxic stomatitis recognized by redness and
swelling of the lining of the mouth, gums or tongue, soft
palate edema extending in the larynx, sialorrhoea, with
acute onset on contact with some substances (bromide,
iodine, dilute solutions of acids or bases) or medication,
lack of fever and regional adenopathy, the presence of other
signs of acute or subacute poisoning. Early signs of
stomatitis, as a clinical expression of occupational poisons,
include elemental lesions such as papules, vesicles or
pustules, as well as continuity solutions such as erosion,
cracking. [9, 10];

- phlyctenular stomatitis can be caused by toxic
substances of vegetable origin (eg mustard extract) or
animal (bee venom) and some medicinal substances
(antibiotics, novocaine)

-  necrosis of the vestibular mucosa, caused by the action
of acids (hydrochloric, hydrofluoric, sulfuric, acetic,
thinners), chlorine or concentrated alcohol solutions,
benzols, phenols, sodium chloride, formalin, hydrogen
peroxide, mineral salts;

- hemorrhagic necrosis and ulceration occur in poisoning
with caustic substances in gaseous or vaporous state
(chlorine, ammonia, hydrochloric acid, phosphorus);

- esters: in the case of concentrated sulfuric acid are
blackish, in the case of hydrochloric acid they are brown,
in the case of silver nitrate they are brownish-black, in the
case of nitric acid they are yellowish, in the case of copper
sulphate they are green, in the case of sublimation they
are grayish-green.

In acute poisoning with nitric acid or hydrochloric acid,
when we examine the teeth we recognize erosive tooth
lesions, necrotic cavities, acute pulpitis, dental necrosis
accompanied by gingival necrosis or toxic parodontitis.

In chronic poisoning, especially pre-existent cavity
lesions, toxins that enter the root canal cause necrosis of
jelly-colored jaws (in contact with phosphorus, arsenic,
mercury, radioactive substances).

In professional chronic poisoning one can identify:
In case of lead poisoning (saturnism): 85% of the

pigmentation of the blue linear / 1-2 mm thick blackish
gums edge (one of the first diagnostic signs), following
the dental arch, the interruption in the space with teeth
(Burton’s halo). Pigmentation predominates in the anterior
region of the lower gum and traumatic areas (tartar, caries,
prostheses). It can be associated with salivation, aloin
tongue, fetid halitosis, gingivitis with dark lining, saturnine
erythematous stomatitis, deposits of lead sulphide grains
that lead to tattoo-looking stains on the lining, painful
swelling of the salivary glands, in which case we should

seek other manifestations of poisoning (digestive,
hematological, renal, neurological) with dosing serum and
urinary lead, saturnine periodontitis and early tooth loss.

Oral lesions in mercury poisoning (hydration) are: dry
mouth or hypersalivation. An important sign is the tremor
of the tongue and lips, and later of the extremities, which
exacerbates in the course of voluntary movements, ulcero-
necrotic stomatitis, fetid halitosis, submandibular
adenopathy, catarrh congestive stomatitis, mercurial halo,
mercurial tooth, chronic hyperplasic gingivitis that
aggravates and complicates with mercury parodontopathy,
with pharyngitis and discrete edema of the tongue. A grey
gum halo can appear afterwards, lighter and thicker than
Burton’s halo. Teeth get gray (mercurial teeth), start to
shake and are spontaneously expelled.

In copper poisoning: gum halo, enamel lesions, brown
enamel color, gingivitis, greenish tinge of gums, chronic
marginal periodontitis, metallic-sweet taste.

In the case of arsenic intoxication (arsenicosis) alveolar
necrosis occurs.

Bismuth causes a blackish-gray coloration of the gum,
lining of the mouth and tongue, gum bismuth halo, tattoo
plates, bismuth stomatitis.

Chronic silver intoxication (argirism) due to the
excessive use of local treatments (silver nitrate) translates
into a gray-blue tinge of the gum or mucous membrane.

The cadmium may give a yellowish lining around the
teeth.

Vanadium - greyish-black color of the tongue and black
macula at the level of the upper lip.

Prolonged exposure to textile powders can cause
bisinose. The textile powder contains plant dust with
organic and mineral impurities and is contaminated with
germs and fungi. Dust from mills plays an important role in
oral mucosa. Intraoral clinical examination in the case of
professional textile poisoning shows xerostomia, increased
viscosity and saliva acidity with the frequent occurrence
of carious lesions and chronic inflammation of the oral
mucosa [39-42].

Conclusions
Due to the exposure to the effects of various noxes,

different dangerous toxic agents enter the body through
the oral cavity, either by ingestion of liquids or food that is
chemically affected.

Some metal intoxication may be recognized after lesions
in the buccal-maxillo-facial area, lesions that may occur
as a result of the local action of toxic substances or as an
expression of their specific action.

Collaboration between the dentist and the forensic doctor
plays an important role in the early detection of noxes with
intraoral clinical expression and in establishing a diagnosis
that reflects their oral pathology.

Considering that the periodontal tissues show the signs
of the diseases caused by the professional noxes, with
clinical implications on the dento-maxillary functioning,
the collaboration between the dentist, the forensic
physician and the occupational medicine physician has an
important role in the early detection of the professional
injuries.

Since it is difficult to measure heavy metal consumption,
the most prudent is to try to limit exposure,
especially in vulnerable categories, by carefully studying
the labels of consumer products.
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