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OVERVIEW
The trace elements include more than 60 substances that are usually present in low concentrations in the 
environment and mammalian tissues. They are generally present in tissue and serum in picogram or microgram 
amounts, and their absorption, distribution, storage, and excretion are tightly controlled. At least a dozen of 
them are considered essential minerals in humans. A table of trace elements found in biologic systems is given 
below.

The trace elements and most metals are usually present in adequate amounts in the diet and environment, and 
supplementation is generally not needed. An exception to this is iron, which is an essential heavy metal and 
present in more than "trace" amounts in human tissue and in foodstuffs.

The heavy metals such as iron, copper, mercury, tin, lead, zinc, and cadmium are directly toxic to cells and 
demonstrate hepatotoxicity in vitro. At the typical concentrations of trace and heavy metals in the diet, however, 
these agents are safe and have not been associated with hepatotoxicity. Indeed, many of these elements are 
included in homeopathic medications and in dietary supplements advertised as being effective in enhancing 
vitality or improving immune function. Yet, neither the benefit nor the toxicity of these elements given in these 
concentrations has been demonstrated in humans. In higher amounts, many of the trace elements have been 
linked to instances of acute or chronic liver injury, predominantly iron, copper, zinc, arsenic, and lithium. These 
are discussed individually and separately in LiverTox.

Some of the remaining trace elements and metals are discussed briefly below. None have proven to be 
hepatotoxic to humans and all can be considered unlikely causes of clinically apparent liver injury.

(Likelihood score: E).

Trace Elements and Metals in Tissues and Biologic Systems

Aluminum Cadmium Lead Rubidium

Antimony Chromium Lithium Selenium

Arsenic Cobalt Magnesium Strontium

Barium Copper Manganese Tin

Bismuth Fluorine Mercury Vanadium

Boron Iodine Molybdenum Zinc

Bromine Iron Nickel

Trace elements and metals discussed separately in LiverTox are the following:



• Arsenic
• Bismuth
• Copper
• Iron
• Lithium
• Zinc

Cadmium is a trace element and transitional metal that is not believed to play a role in higher biologic systems 
or in human nutrition. Cadmium deficiency has not been convincingly shown in humans. Cadmium is toxic in 
moderate doses and is a potent antagonist of several essential minerals including calcium, iron, copper, and zinc. 
Cadmium is used in the manufacture of batteries, electrical conductors and metal plating. Cadmium is also a 
byproduct of the mining and processing of iron, nickel and other metals and can be toxic to welders and 
industrial workers, producing a syndrome due to inhalation of excessive amounts known as cadmium fume 
fever. Environmental exposure to excess cadmium has been reported due to contamination of the water supply 
from mining or manufacturing with subsequent concentration of cadmium in agricultural products such as rice, 
resulting in outbreaks of cadmium poisoning. A disease marked by bone fractures (itai-itai or "ouch-ouch" 
disease) arose after World War II in a rural area of Japan and was later linked to cadmium contamination of 
water used to irrigate rice fields. Itai-itai is characterized by renal tubular abnormalities and calcium and 
phosphate wasting resulting in osteomalacia. Chronic cadmium exposure has been linked to pulmonary fibrosis, 
chronic renal injury and an increased risk of cancer. Cadmium has not been linked specifically to clinically 
apparent liver injury in humans although it, like many metals, is toxic to hepatocytes in vitro and causes acute 
liver injury in experimental animals. Autopsy material from patients with itai-itai disease demonstrates slight 
increase in fibrosis and steatosis, but the clinical manifestations appear minimal despite high levels of cadmium 
in liver tissue. The relative lack of hepatic injury with chronic cadmium exposure may relate to potent 
metallothionein induction in the liver by the trace metal. Cadmium in small quantities is included in many 
homeopathic medications and in several over-the-counter dietary supplements used to increase vitality and 
wellness.

Chromium is an essential trace element which plays an important role in carbohydrate and lipid metabolism. 
Chromium deficiency has been linked to insulin resistance and diabetes, and oral supplementation with trivalent 
chromium has been found to improve insulin sensitivity and glucose tolerance. Claims have been made that 
chromium also benefits muscle building. As a consequence, chromium is a frequent component of vitamin, 
mineral and general nutritional supplements. Trivalent chromium is not well absorbed as simple salts, and 
complexes of chromium have better bioavailability. Chromium is available in multiple oral formulations 
(picolinate, dinicocysteinate, complexed with nicotinic acid and in brewer's yeast), in tablets and capsules in 
concentrations of 150 μg to 1000 μg, and as chromic chloride in a liquid solution (4 μg/mL) for use in parenteral 
nutrition. In concentrations found in foods and in doses used clinically, chromium has been reported to be safe 
and without appreciable toxicity. Nevertheless, there have been at least two publications describing renal injury 
from ingestion of moderately high doses of chromium picolinate for 1 and 4 months, one of which was 
accompanied by transient liver injury with features of acute hepatic necrosis. High doses of chromium, and 
particularly hexavalent chromium (6+), can be toxic. Hexavalent chromium is an industrially important metal 
used in stainless steel and other alloys and is a potent oxidizing agent with known toxicity to industrial workers. 
Acute, high dose ingestion of chromium (both trivalent and hexavalent) can cause severe, immediate multiorgan 
(including liver) damage and death. Lower dose chronic occupational exposure is associated with skin and local 
tissue injury and may be carcinogenic.

Fluoride is a trace element that is concentrated in mineralized tissues such as bone and tooth enamel. 
Epidemiologic surveys demonstrated a close correlation of fluoride concentrations in water with rates of dental 
caries, and water fluoridation began as a public health measure in the United States in the mid-1940s. Fluoride 
has also been shown to have a role in normal hematopoiesis, bone formation and osteoporosis and fertility and 
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growth. Chronic excessive fluoride intake can be associated with brown mottled teeth and skeletal abnormalities. 
Acute fluoride toxicity is marked by nausea, vomiting, diarrhea, abdominal pain, excess salivation and 
lacrimation, heart and lung abnormalities, weakness, neuropathy, convulsions, paralysis, and coma. There have 
been no reports of acute or chronic liver injury attributed to fluoride toxicity.

Iodine is an essential constituent of thyroid hormones and is essential for normal growth and development. 
Iodine deficiency causes goiter and hypothyroidism in children and adults, and cretinism if present during fetal 
development. Iodine deficiency is the most common cause of preventable mental defects in the world today. 
Cretinism and goiter are completely preventable by iodine supplementation. Iodine toxicity is rare, but high 
dietary intake may be responsible for iodine induced hyperthyroidism. Iodine intake has not been linked to liver 
injury.

Lead is a heavy metal that has major health implications. Even low levels of lead exposure have been associated 
with harmful effects on health, the major sources in the environment being paint and gasoline. In recent years, 
lead exposure has been decreased by regulatory actions in removing lead from paint and gasoline and limitation 
of occupational lead exposure. Lead has no medical uses. Lead toxicity is marked by neurotoxicity, 
neurodevelopmental defects, gastrointestinal, kidney and bone marrow toxicity. There does not appear to be 
major liver toxicity from environmental lead exposure.

Magnesium is an essential metal that exists in at least 300 metalloenzymes and metal-enzyme complexes 
involved with multiple metabolic pathways including energy production, muscle and nerve function, lipid 
homeostasis, calcium balance, and maintenance of heart rhythm. Total human body magnesium is 
approximately 25 grams, at least 50% of which is found in bone. Magnesium is found in many foods and the 
average intake in the United States is 300 to 360 mg daily, which is close to the dietary reference intake (formerly 
RDA) of 300-420 mg daily in adults (more during pregnancy, less in children). Despite this, magnesium 
deficiency is not common and occurs largely with severe malnutrition, malabsorption syndromes, chronic 
alcoholism, and occasionally with chronic use of diuretics or proton pump inhibitors. Signs of magnesium 
deficiency include diarrhea, nausea, weakness, and muscle cramps. Magnesium supplements typically have 300 
to 500 mg which are recommended for oral intake once daily. Magnesium is eliminated in urine and toxicity 
from excessive levels is uncommon except with renal insufficiency. Signs of magnesium excess include fatigue, 
weakness, nausea, numbness, muscle cramps, abnormal heart rhythms, photophobia, blurred vision, confusion, 
and seizures. Measurement of serum levels of magnesium are useful but not always reliable in detecting 
deficiency. Magnesium is present in many medications and magnesium sulfate is used as treatment of 
constipation and in colon cleansing agents in preparation of colonoscopy. Intravenous magnesium sulfate is the 
standard treatment for prevention of seizures in women with eclampsia and requires careful clinical monitoring 
but is generally safe. Magnesium supplements are sometimes recommended for leg cramps. Unproven uses of 
magnesium include diabetes, hypertension, and migraine headaches. There is no evidence that magnesium taken 
in typical oral amounts or given intravenously for eclampsia causes liver injury.

Manganese is a trace element that exists in many metal-enzyme complexes and metalloenzymes, either as a 
bivalent (Mn2+) or trivalent (Mn3+) ion. Manganese functions in enzyme activation and is present in 
superoxide reductases, ligases, hydrolases, kinases, transferases, and decarboxylases. Manganese deficiency has 
been reported in animals and possibly in man, with signs of weight loss, nausea and vomiting, dermatitis, 
impaired growth, skeletal and hair abnormalities. There are generally adequate amounts of manganese in routine 
diets and deficiency states are very rare, if they exist at all. Manganese is relatively nontoxic, but excessive 
exposures accompanied by toxicity have been described in miners and metal workers. Acute toxicity is marked 
by severe psychiatric symptoms, irritability, anxiety, hallucinations and violent acts. Chronic toxicity can lead to 
chronic neurologic disorders with headaches, muscle weakness, speech disturbance and extrapyramidal signs. 
Liver toxicity has not been described.
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Mercury is a nonessential trace metal that is a well-known toxin, second only to lead as a cause of heavy metal 
poisoning. Mercury is used in many areas of manufacturing and is present in dental and medical equipment. 
Because of the toxicity of acute and chronic exposure to metallic mercury, this metal is now used less and less in 
industry and attempts are made to remove it from household and medical equipment and appliances. Mercury is 
also present in fertilizers and pesticides. Mercury used to be used medically, for instance in the therapy of 
syphilis; however, with safer and more effective therapies, mercury has been abandoned as a primary therapy. 
Chronic methyl mercury exposure is associated with symptoms of weakness and fatigue, headaches, lower back 
pain, ataxia, slurred speech, tremor, somnolence, and mental disturbances, including hallucinations and acute 
psychosis. Any involvement of the liver is overshadowed by the central nervous system toxicity.

Molybdenum is a transition element and is present in several human enzymes, such as xanthine and sulfite 
oxidases, and in enzyme cofactors in oxidative reduction reactions. Molybdenum is found in many foods and 
deficiencies are rare. Molybdenum deficiency has been described in animals and rare cases have been reported 
in patients on total parenteral nutrition, clinical signs being mental disturbances and coma accompanied by 
hypouricemia and hypermethioninemia. Molybdenum is relatively nontoxic, although high levels may be a cause 
of high uric acid levels and an increased incidence of gout. Liver toxicity from molybdenum has not been 
described.

Nickel is a heavy metal and trace element that is active in many chemical reactions but is not clearly an essential 
element in humans. No metabolic or biochemical function for nickel has been identified in higher animals, but it 
is found in many tissues and actively interacts with other metals, vitamins, and proteins. Nevertheless, nickel 
deficiency states have not been identified in humans. Nickel can be toxic at high levels but is unlikely to occur 
from dietary sources. Nickel can also cause allergic reactions, particularly dermatologic. There is no evidence 
that nickel causes liver toxicity.

Selenium is present in biologic systems in amino acids, such as selenocysteine and selenomethionine, usually as 
a part of proteins, which are referred to as selenoproteins. While selenium is present in many important enzyme 
systems, deficiency of selenium is rare. Keshan disease, an endemic cardiomyopathy affecting children and 
young women in parts of China, has been linked to selenium deficiency, although other nutritional deficiencies 
or local factors may also may a role. Excess selenium exposure can cause cirrhosis in laboratory animals, but 
toxicity in humans has been linked largely to skin, hair, and nail changes. An outbreak of possible selenium 
toxicity due to a nutritional supplement was marked by nausea, diarrhea, irritability, fatigue, neuropathy, hair 
loss and nail changes, without liver test abnormalities.

Silicon is a trace element that resembles carbon and can form silicon-carbon as well as silicon-oxygen, silicon-
hydrogen, and silicon-nitrogen bonds. The distribution of silicon in bodily tissues suggests that it may be 
important in cartilage and bone. Silicon is nontoxic when taken orally and has been used in antacids 
(magnesium trisilicate) for over 50 years without evidence of toxicity.

Tin is a trace element and metal that is widely found in nature and is detectable in many tissues and nutrients. 
Tin deficiency has been described in rats but has not been clearly shown to exist in humans and its role in 
normal human metabolism in not clear. Currently, tin is not considered an essential element, although it is 
sometimes included in homeopathic medications and in over-the-counter dietary supplements. Tin is relatively 
nontoxic but can alter the metabolism of other trace elements such as zinc and copper. Minor amounts of tin 
ingestion can cause gastrointestinal distress with nausea, cramps, vomiting and diarrhea, but the reaction is 
generally mild-to-moderate in severity and self-limited in course. Tin poisoning as might occur with industrial 
exposure or accidental ingestion, on the other hand, can cause visual effects, stupor, and neurologic 
abnormalities.

Vanadium is a trace element that exists in multiple oxidation states and forms complexes with proteins. 
Vanadium has not been shown to be an essential element and, indeed, is absorbed poorly. No deficiency state of 
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vanadium has been demonstrated in humans. High doses of vanadium are toxic to animals and can cause 
neurologic, hematologic, renal, and hepatic toxicity. Feeding of high doses to humans causes gastrointestinal 
upset, but vanadium has not been linked to hepatotoxicity due to dietary intake or environmental exposures in 
humans.
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(Acute fluoride toxicity [after doses of >5 mg/kg] typically presents soon after the ingestion with nausea, abdominal 
pain, bloody vomitus, and diarrhea followed by stupor, seizures, acidosis, electrolyte abnormalities and 
cardiovascular collapse; no mention of hepatotoxicity).

Aldosary BM, Sutter ME, Schwartz M, Morgan BW. Case series of selenium toxicity from a nutritional 
supplement. Clin Toxicol (Phila) 2012; 50: 57-64. PubMed PMID: 22165838.

(Review of 9 cases of selenium toxicity attributed to a nutritional supplement with 200 times the claimed 
concentration of selenium, including 5 men and 4 women, ages 15-57 years, with symptoms of hair loss, nail 
changes, metallic taste, joint pain, nausea, diarrhea, abdominal pain and difficulty concentrating, and one 
patient had mild ALT elevations [76 U/L] without jaundice).

Perumal E, Paul V, Govindarajan V, Panneerselvam L. A brief review on experimental fluorosis. Toxicol Lett 
2013; 223: 236-51. PubMed PMID: 24050947.

(Chronic fluoride toxicity is marked by poor mineralization of teeth and bone abnormalities; liver injury can be 
produced in experimental animals).

Chakraborty S, Dutta AR, Sural S, Gupta D, Sen S. Ailing bones and failing kidneys: a case of chronic cadmium 
toxicity. Ann Clin Biochem 2013; 50 (Pt 5): 492-5. PubMed PMID: 23800513.

(A 48 year old Indian man who worked in silver manufacturing presented with severe osteomalacia, bone fractures 
and renal tubular dysfunction [creatinine 2.8 mg/dL, phosphate 1.8 mg/dL, uric acid 1.7 mg/dL, Alk P 412 U/L 
while "other liver function tests" were normal] with grossly elevated blood cadmium levels).

Baba H, Tsuneyama K, Yazaki M, Nagata K, Minamisaka T, Tsuda T, Nomoto K, et al. The liver in itai-itai 
disease (chronic cadmium poisoning): pathological features and metallothionein expression. Mod Pathol 
2013; 26: 1228-34. PubMed PMID: 23558578.

(Pathologic analysis of 89 cases of itai-itai disease and 27 controls showed highest tissue levels of cadmium in the 
liver and an increase in hepatic fibrosis [24% vs 6%] and hemosiderosis [19% vs 1%], but similar rates of 
inflammation [11% vs 9%] and steatosis [8% vs 10%] in cases vs controls; no clinical features mentioned).

Suksomboon N, Poolsup N, Yuwanakorn A. Systematic review and meta-analysis of the efficacy and safety of 
chromium supplementation in diabetes. J Clin Pharm Ther 2014; 39: 292-306. PubMed PMID: 24635480.

(Systematic review identified 25 randomized controlled trials of chromium supplementation in diabetes concluded 
that chromium [in doses of 200-1000 μg daily] has favorable effects and does not increase the risk of adverse 
events above that of placebo).
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