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Lead poisoning (also known as plumbism, colica pictorum, saturnism, Devon colic, or 
painter's colic) is a type of metal poisoning and a medical condition in humans and other 
vertebrates caused by increased levels of the heavy metal lead in the body. Lead 
interferes with a variety of body processes and is toxic to many organs and tissues 
including the heart, bones, intestines, kidneys, and reproductive and nervous systems. It 
interferes with the development of the nervous system and is therefore particularly 
toxic to children, causing potentially permanent learning and behavior disorders. 
Symptoms include abdominal pain, confusion, headache, anemia, irritability, and in 
severe cases seizures, coma, and death. 

 

An X ray demonstrating the characteristic finding of lead poisoning in humans—dense 
metaphyseal lines. 

Routes of exposure to lead include contaminated air, water, soil, food, and consumer 
products. Occupational exposure is a common cause of lead poisoning in adults. 
According to estimates made by the National Institute of Occupational Safety and Health 
(NIOSH), more than 3 million workers in the United States are potentially exposed to 



lead in the workplace.[1] One of the largest threats to children is lead paint that exists 
in many homes, especially older ones; thus children in older housing with chipping paint 
or lead dust from moveable window frames with lead paint are at greater risk. Prevention 
of lead exposure can range from individual efforts (e.g., removing lead-containing items 
such as piping or blinds from the home) to nationwide policies (e.g., laws that ban lead in 
products, reduce allowable levels in water or soil, or provide for cleanup and mitigation 
of contaminated soil, etc.) 

Elevated lead in the body can be detected by the presence of changes in blood cells 
visible with a microscope and dense lines in the bones of children seen on X-ray, but 
the main tool for diagnosis is measurement of the blood lead level. When blood lead 
levels are recorded, the results indicate how much lead is circulating within the blood 
stream, not the amount stored in the body.[2] There are two units for reporting blood lead 
level, either micrograms per deciliter (µg/dl), or micrograms per 100 grams (µg/100 g) 
of whole blood, which are numerically equivalent. The Centers for Disease Control (US) 
has set the standard elevated blood lead level for adults to be 10 µg/dl of the whole blood. 
For children the number is set much lower at 5 µg/dl of blood as of 2012[3] down from a 
previous 10 µg/dl.[4] Children are especially prone to the health effects of lead. As a result, 
blood lead levels must be set lower and closely monitored if contamination is possible.[2] 
The major treatments are removal of the source of lead and chelation therapy 
(administration of agents that bind lead so it can be excreted). 

Humans have been mining and using this heavy metal for thousands of years, poisoning 
themselves in the process. Although lead poisoning is one of the oldest known work and 
environmental hazards, the modern understanding of the small amount of lead necessary 
to cause harm did not come about until the latter half of the 20th century. No safe 
threshold for lead exposure has been discovered—that is, there is no known 
sufficiently small amount of lead that will not cause harm to the body. 

Classification 
Classically, "lead poisoning" or "lead intoxication" has been defined as exposure to high 
levels of lead typically associated with severe health effects.[5] Poisoning is a pattern of 
symptoms that occur with toxic effects from mid to high levels of exposure; toxicity is a 
wider spectrum of effects, including subclinical ones (those that do not cause 
symptoms).[6] However, professionals often use "lead poisoning" and "lead toxicity" 
interchangeably, and official sources do not always restrict the use of "lead poisoning" to 
refer only to symptomatic effects of lead.[6] 

The amount of lead in the blood and tissues, as well as the time course of exposure, 
determine toxicity.[7] Lead poisoning may be acute (from intense exposure of short 
duration) or chronic (from repeat low-level exposure over a prolonged period), but the 
latter is much more common.[8] Diagnosis and treatment of lead exposure are based on 
blood lead level (the amount of lead in the blood), measured in micrograms of lead per 
deciliter of blood (μg/dL). Urine lead levels may be used as well, though less commonly. 
In cases of chronic exposure lead often sequesters in the highest concentrations first 



in the bones, then in the kidneys. If a provider is performing a provocative excretion 
test, or "chelation challenge", a measurement obtained from urine rather than blood is 
likely to provide a more accurate representation of total lead burden to a skilled 
interpreter.[9] 

The US Centers for Disease Control and Prevention and the World Health Organization 
state that a blood lead level of 10 μg/dL or above is a cause for concern; however, lead 
may impair development and have harmful health effects even at lower levels, and there 
is no known safe exposure level.[10][11] Authorities such as the American Academy of 
Pediatrics define lead poisoning as blood lead levels higher than 10 μg/dL.[12] 

Lead forms a variety of compounds and exists in the environment in various forms.[13] 
Features of poisoning differ depending on whether the agent is an organic compound 
(one that contains carbon), or an inorganic one.[14] Organic lead poisoning is now very 
rare, because countries across the world have phased out the use of organic lead 
compounds as gasoline additives, but such compounds are still used in industrial 
settings.[14] Organic lead compounds, which cross the skin and respiratory tract 
easily, affect the central nervous system predominantly.[14] 

Signs and symptoms 

 



Lead poisoning can cause a variety of symptoms and signs which vary depending on the 
individual and the duration of lead exposure.[15][16] Symptoms are nonspecific and may be 
subtle, and someone with elevated lead levels may have no symptoms.[17] Symptoms 
usually develop over weeks to months as lead builds up in the body during a chronic 
exposure, but acute symptoms from brief, intense exposures also occur.[18] Symptoms 
from exposure to organic lead, which is probably more toxic than inorganic lead due to 
its lipid solubility, occur rapidly.[19] Poisoning by organic lead compounds has symptoms 
predominantly in the central nervous system, such as insomnia, delirium, cognitive 
deficits, tremor, hallucinations, and convulsions.[14] 

Symptoms may be different in adults and children; the main symptoms in adults are 
headache, abdominal pain, memory loss, kidney failure, male reproductive problems, and 
weakness, pain, or tingling in the extremities.[20] 

Early symptoms of lead poisoning in adults are commonly nonspecific and include 
depression, loss of appetite, intermittent abdominal pain, nausea, diarrhea, 
constipation, and muscle pain.[21] Other early signs in adults include malaise, fatigue, 
decreased libido, and problems with sleep.[15] An unusual taste in the mouth and 
personality changes are also early signs.[22] 

In adults, symptoms can occur at levels above 40 μg/dL, but are more likely to occur only 
above 50–60 μg/dL.[15] Symptoms begin to appear in children generally at around 
60 μg/dL.[23] However, the lead levels at which symptoms appear vary widely depending 
on unknown characteristics of each individual.[24] At blood lead levels between 25 and 
60 μg/dL, neuropsychiatric effects such as delayed reaction times, irritability, and 
difficulty concentrating, as well as slowed motor nerve conduction and headache can 
occur.[25] Anemia may appear at blood lead levels higher than 50 μg/dL.[21] In adults, 
abdominal colic, involving paroxysms of pain, may appear at blood lead levels greater 
than 80 μg/dL.[16] Signs that occur in adults at blood lead levels exceeding 100 μg/dL 
include wrist drop and foot drop, and signs of encephalopathy (a condition characterized 
by brain swelling), such as those that accompany increased pressure within the skull, 
delirium, coma, seizures, and headache.[26]  

In children, signs of encephalopathy such as bizarre behavior, discoordination, and 
apathy occur at lead levels exceeding 70 μg/dL.[26] For both adults and children, it is rare 
to be asymptomatic if blood lead levels exceed 100 μg/dL.[16] 

Acute poisoning 

In acute poisoning, typical neurological signs are pain, muscle weakness, paraesthesia, 
and, rarely, symptoms associated with encephalitis.[20] Abdominal pain, nausea, 
vomiting, diarrhea, and constipation are other acute symptoms.[27] Lead's effects on the 
mouth include astringency and a metallic taste.[27] gastrointestinal problems, such as 
constipation, diarrhea, poor appetite, or weight loss, are common in acute poisoning. 
Absorption of large amounts of lead over a short time can cause shock (insufficient fluid 
in the circulatory system) due to loss of water from the gastrointestinal tract.[27] 



Hemolysis (the rupture of red blood cells) due to acute poisoning can cause anemia and 
hemoglobin in the urine.[27] Damage to kidneys can cause changes in urination such as 
decreased urine output.[27] People who survive acute poisoning often go on to display 
symptoms of chronic poisoning.[27] 

Chronic poisoning 

Chronic poisoning usually presents with symptoms affecting multiple systems,[14] but is 
associated with three main types of symptoms: gastrointestinal, neuromuscular, and 
neurological.[20] Central nervous system and neuromuscular symptoms usually result 
from intense exposure, while gastrointestinal symptoms usually result from exposure 
over longer periods.[27] Signs of chronic exposure include loss of short-term memory or 
concentration, depression, nausea, abdominal pain, loss of coordination, and numbness 
and tingling in the extremities.[22] Fatigue, problems with sleep, headaches, stupor, 
slurred speech, and anemia are also found in chronic lead poisoning.[20] A "lead hue" of 
the skin with pallor and/or lividity is another feature.[28][29] A blue line along the gum 
with bluish black edging to the teeth, known as a Burton line, is another indication of 
chronic lead poisoning.[30] Children with chronic poisoning may refuse to play or may 
have hyperkinetic or aggressive behavior disorders.[20] Visual disturbance may present 
with gradually progressing blurred vision as a result of central scotoma, caused by toxic 
optic neuritis.[31] 

Effects on children 

A fetus developing in the womb of a woman who has elevated blood lead level is 
susceptible to lead poisoning by intrauterine exposure, and is at greater risk of being 
born prematurely or with a low birth weight.[32] 

Children are more at risk for lead poisoning because their smaller bodies are in a 
continuous state of growth and development.[33] Lead is absorbed at a faster rate 
compared to adults, which causes more physical harm than to older people. Furthermore, 
children, especially as they are learning to crawl and walk, are constantly on the floor and 
therefore more prone to ingesting and inhaling dust that is contaminated with lead.[34] 

The classic signs and symptoms in children are loss of appetite, abdominal pain, vomiting, 
weight loss, constipation, anemia, kidney failure, irritability, lethargy, learning 
disabilities, and behavioral problems.[33] Slow development of normal childhood 
behaviors, such as talking and use of words, and permanent intellectual disability are both 
commonly seen.[32] Although less common, it is possible for fingernails to develop 
leukonychia striata if exposed to abnormally high lead concentrations.[35] 

Complications 

Lead affects every one of the body's organ systems, especially the nervous system, but 
also the bones and teeth, the kidneys, and the cardiovascular, immune, and reproductive 
systems.[36] Hearing loss and tooth decay have been linked to lead exposure,[37] as have 



cataracts.[38] Intrauterine and neonatal lead exposure promote tooth 
decay.[39][40][41][42][43][44][45] Aside from the developmental effects unique to young children, 
the health effects experienced by adults are similar to those in children, although the 
thresholds are generally higher.[46] 

Kidneys 

Kidney damage occurs with exposure to high levels of lead, and evidence suggests that 
lower levels can damage kidneys as well.[47] The toxic effect of lead causes nephropathy 
and may cause Fanconi syndrome, in which the proximal tubular function of the 
kidney is impaired.[48] Long-term exposure at levels lower than those that cause lead 
nephropathy have also been reported as nephrotoxic in patients from developed countries 
that had chronic kidney disease or were at risk because of hypertension or diabetes 
mellitus.[49] Lead poisoning inhibits excretion of the waste product urate and causes 
a predisposition for gout, in which urate builds up.[50][51][52] This condition is known as 
saturnine gout. 

Cardiovascular system 

Evidence suggests lead exposure is associated with high blood pressure, and studies have 
also found connections between lead exposure and coronary heart disease, heart rate 
variability, and death from stroke, but this evidence is more limited.[53] People who have 
been exposed to higher concentrations of lead may be at a higher risk for cardiac 
autonomic dysfunction on days when ozone and fine particles are higher.[54] 

Reproductive system 

Lead affects both the male and female reproductive systems. In men, when blood lead 
levels exceed 40 μg/dL, sperm count is reduced and changes occur in volume of sperm, 
their motility, and their morphology.[55] A pregnant woman's elevated blood lead level 
can lead to miscarriage, prematurity, low birth weight, and problems with development 
during childhood.[56] Lead is able to pass through the placenta and into breast milk, and 
blood lead levels in mothers and infants are usually similar.[18] A fetus may be poisoned 
in utero if lead from the mother's bones is subsequently mobilized by the changes in 
metabolism due to pregnancy; increased calcium intake in pregnancy may help mitigate 
this phenomenon.[57] 

 

 

 

 

 



Nervous system 

 
 
The brains of adults who were exposed to lead as children show decreased volume, 
especially in the prefrontal cortex, on MRI. Areas of volume loss are shown in color 
over a template of a normal brain.[58] 

Lead affects the peripheral nervous system (especially motor nerves) and the central 
nervous system.[18] Peripheral nervous system effects are more prominent in adults and 
central nervous system effects are more prominent in children.[24] Lead causes the axons 
of nerve cells to degenerate and lose their myelin coats.[18] 

Lead exposure in young children has been linked to learning disabilities,[59] and 
children with blood lead concentrations greater than 10 μg/dL are in danger of 
developmental disabilities.[27] Increased blood lead level in children has been correlated 
with decreases in intelligence, nonverbal reasoning, short-term memory, attention, 
reading and arithmetic ability, fine motor skills, emotional regulation, and social 
engagement.[56] The effect of lead on children's cognitive abilities takes place at very low 
levels.[37][56][60] There is apparently no lower threshold to the dose-response relationship 
(unlike other heavy metals such as mercury).[61] Reduced academic performance has been 
associated with lead exposure even at blood lead levels lower than 5 μg/dL.[62][63] Blood 
lead levels below 10 μg/dL have been reported to be associated with lower IQ and 
behavior problems such as aggression, in proportion with blood lead levels.[6] Between 
the blood lead levels of 5 and 35 μg/dL, an IQ decrease of 2–4 points for each μg/dL 
increase is reported in children.[27] 



High blood lead levels in adults are also associated with decreases in cognitive 
performance and with psychiatric symptoms such as depression and anxiety.[64] It was 
found in a large group of current and former inorganic lead workers in Korea that blood 
lead levels in the range of 20–50 μg/dL were correlated with neuro-cognitive defects.[65] 
Increases in blood lead levels from about 50 to about 100 μg/dL in adults have been 
found to be associated with persistent, and possibly permanent, impairment of central 
nervous system function.[47] 

Lead exposure in children is also correlated with neuropsychiatric disorders such as 
attention deficit hyperactivity disorder and anti-social behaviour.[60] Elevated lead 
levels in children are correlated with higher scores on aggression and delinquency 
measures.[23] A correlation has also been found between prenatal and early childhood 
lead exposure and violent crime in adulthood.[56] Countries with the highest air lead 
levels have also been found to have the highest murder rates, after adjusting for 
confounding factors.[23] A May 2000 study by economic consultant Rick Nevin theorizes 
that lead exposure explains 65% to 90% of the variation in violent crime rates in the 
US.[66][67] A 2007 paper by the same author claims to show a strong association between 
preschool blood lead and subsequent crime rate trends over several decades across nine 
countries.[68][69] It is believed that the U.S. ban on lead paint in buildings in the late 
1970s, as well as the phaseout of leaded gasoline in the 1970s and 1980s, partially 
helped contribute to the decline of violent crime in the United States since the early 
1990s.[69] 

Exposure routes 
Lead is a common environmental pollutant.[12] Causes of environmental contamination 
include industrial use of lead, such as is found in facilities that process lead-acid batteries 
or produce lead wire or pipes, and metal recycling and foundries.[70] Children living near 
facilities that process lead, such as lead smelters, have been found to have unusually high 
blood lead levels.[71] In August 2009, parents rioted in China after lead poisoning was 
found in nearly 2000 children living near zinc and manganese smelters.[72] Lead 
exposure can occur from contact with lead in air, household dust, soil, water, and 
commercial products.[10] Leaded gasoline has also been linked to increases in lead 
pollution.[73][74] Some research has suggested a link between leaded gasoline and crime 
rates.[75][76] 

Occupational exposure 

 



Battery recycling workers are at risk for lead exposure.[77] This worker ladles molten lead 
into billets in a lead-acid battery recovery facility. 

In adults, occupational exposure is the main cause of lead poisoning.[23] People can be 
exposed when working in facilities that produce a variety of lead-containing products; 
these include radiation shields, ammunition, certain surgical equipment, developing 
dental x-ray films prior to digital x-rays (each film packet had a lead liner to prevent the 
radiation from going through), fetal monitors, plumbing, circuit boards, jet engines, and 
ceramic glazes.[22] In addition, lead miners and smelters, plumbers and fitters, auto 
mechanics, glass manufacturers, construction workers, battery manufacturers and 
recyclers, firing range instructors, and plastic manufacturers are at risk for lead 
exposure.[71] Other occupations that present lead exposure risks include welding, 
manufacture of rubber, printing, zinc and copper smelting, processing of ore, combustion 
of solid waste, and production of paints and pigments.[78] Parents who are exposed to lead 
in the workplace can bring lead dust home on clothes or skin and expose their children.[78] 

Paint 

Some lead compounds are colorful and are used widely in paints,[79] and lead paint is a 
major route of lead exposure in children.[80] A study conducted in 1998–2000 found 
that 38 million housing units in the US had lead-based paint, down from a 1990 
estimate of 64 million.[81] Deteriorating lead paint can produce dangerous lead levels in 
household dust and soil.[82] Deteriorating lead paint and lead-containing household dust 
are the main causes of chronic lead poisoning.[20] The lead breaks down into the dust and 
since children are more prone to crawling on the floor, it is easily ingested.[81] Many 
young children display pica, eating things that are not food. Even a small amount of a 
lead-containing product such as a paint chip or a sip of glaze can contain tens or hundreds 
of milligrams of lead.[83] Eating chips of lead paint presents a particular hazard to 
children, generally producing more severe poisoning than occurs from dust.[84] Because 
removing lead paint from dwellings, e.g. by sanding or torching creates lead-containing 
dust and fumes, it is generally safer to seal the lead paint under new paint (excepting 
moveable windows and doors, which create paint dust when operated).[85] Alternately, 
special precautions must be taken if the lead paint is to be removed.[85] In oil painting it 
was once common for colours such as yellow or white to be made with lead carbonate. 
Lead white oil colour was the main white of oil painters until superseded by compounds 
containing zinc or titanium in the mid-20th century. It is speculated that the painter 
Caravaggio and possibly Goya had lead poisoning due to overexposure or 
carelessness when handling this colour.[86] 

 

 

 

 



Soil 

 
 
A lead warning on a fuel pump. Tetraethyllead, which used to be added to automotive 
gasoline (and still is added to some aviation gasolines), contributed to soil contamination. 

Residual lead in soil contributes to lead exposure in urban areas.[6] It has been thought 
that the more polluted an area is with various contaminants, the more likely it is to 
contain lead. However, this is not always the case, as there are several other reasons for 
lead contamination in soil.[87] Lead content in soil may be caused by broken-down lead 
paint, residues from lead-containing gasoline, used engine oil, or pesticides used in the 
past, contaminated landfills, or from nearby industries such as foundries or smelters.[88] 
Although leaded soil is less of a problem in countries that no longer have leaded gasoline, 
it remains prevalent, raising concerns about the safety of urban agriculture;[89] eating food 
grown in contaminated soil can present a lead hazard.[90] 

Water 

Lead from the atmosphere or soil can end up in groundwater and surface water.[91] It 
is also potentially in drinking water, e.g. from plumbing and fixtures that are either 
made of lead or have lead solder.[84][92] Since acidic water breaks down lead in 
plumbing more readily, chemicals can be added to municipal water to increase the pH 
and thus reduce the corrosivity of the public water supply.[84] Chloramines, which 
were adopted as a substitute for chlorine disinfectants due to fewer health concerns, 
increase corrositivity.[93] In the US, 14–20% of total lead exposure is attributed to 
drinking water.[93] In 2004, a team of seven reporters from The Washington Post 
discovered high levels of lead in the drinking water in Washington, D.C. and won an 
award for investigative reporting for a series of articles about this contamination.[94][95] 

In Australia, collecting rainwater from roof runoff used as potable water may contain lead 
if there are lead contaminants on the roof or in the storage tank.[10] The Australian 
Drinking Water Guidelines allow a maximum of .01 mg/L lead in water.[10] 

Lead-containing products 

Lead can be found in products such as kohl, an ancient cosmetic from the Middle East, 
South Asia, and parts of Africa that has many names; and from some toys.[6] In 2007, 



millions of toys made in China were recalled from multiple countries owing to safety 
hazards including lead paint.[96] Vinyl mini-blinds, found especially in older housing, 
may contain lead.[12] Lead is commonly incorporated into herbal remedies such as Indian 
Ayurvedic preparations and remedies of Chinese origin.[10][15][22] There are also risks of 
elevated blood lead levels caused by folk remedies like azarcon and greta, which each 
contain about 95% lead.[15] 

Ingestion of metallic lead, such as small lead fishing lures, increases blood lead levels 
and can be fatal.[97][98][99][100] Ingestion of lead-contaminated food is also a threat. Ceramic 
glaze often contains lead, and dishes that have been improperly fired can leach the metal 
into food, potentially causing severe poisoning.[101] In some places, the solder in cans 
used for food contains lead.[22] When manufacturing medical instruments and hardware, 
solder containing lead may be present.[102] People who eat animals hunted with lead 
bullets may be at risk for lead exposure.[103] Bullets lodged in the body rarely cause 
significant levels of lead,[104][105] but bullets lodged in the joints are the exception, as they 
deteriorate and release lead into the body over time.[106] 

In May 2015, Indian food safety regulators in the state of Uttar Pradesh found that 
samples of Maggi 2 Minute Noodles contained lead up to 17 times beyond permissible 
limits.[107][108][109][110] On 3 June 2015, New Delhi Government banned the sale of Maggi 
noodles in New Delhi stores for 15 days because it was found to contain lead beyond the 
permissible limit.[111] The Gujarat FDA on June 4, 2015 banned the noodles for 30 days 
after 27 out of 39 samples were detected with objectionable levels of metallic lead, 
among other things.[112] Some India's biggest retailers like Future Group, Big Bazaar, 
Easyday and Nilgiris have imposed a nationwide ban on Maggi noodles.[113] Many other 
states too have banned Maggi noodles. 

Hunting 

Because game animals can be shot using lead bullets, the potential for lead ingestion 
from game meat consumption has been studied clinically and epidemiologically. In a 
recent study conducted by the CDC,[114] a cohort from North Dakota was enrolled and 
asked to self-report historical consumption of game meat, and participation in other 
activities that could cause lead exposure. The study found that participants' age, sex, 
housing age, current hobbies with potential for lead exposure, and game consumption 
were all associated with blood lead level (PbB). 

This study has been cited by popular media as simple evidence that hunting increases 
exposure to lead poisoning, prompting the University of Illinois Extension to release a 
statement that there is no such risk.[115] Concerning the CDC report, the authors' 
conclusion in a related Epi-AID Trip Report[116] notes the small increase associated with 
game consumption in the study, and urges interpretation with respect to environmental 
context: 

While this study suggests that consumption of wild game meat can adversely affect PbB, 
no participant had PbB higher than the CDC recommended threshold of 10μg/dl—the 



level at which CDC recommends case management; and the geometric mean PbB among 
this study population (1.17μg/dl) was lower than the overall population geometric mean 
PbB in the United States (1.60 μg/dl).[117] The clinical significance of low PbB in this 
sample population and the small quantitative increase of 0.30μg/dl in PbB associated 
with wild game consumption should be interpreted in the context of naturally occurring 
PbB.[116] 

Copper-jacketed, lead-based bullets are more economical to produce and use than 
any material. Alternative materials are available such as steel, copper, and tungsten, but 
alternatives are universally less effective and/or more expensive. However, the biggest 
impediment to using the vast majority of alternatives relates to current laws in the United 
States pertaining to armor-piercing rounds. Laws and regulations relating to armor-
piercing ammunition expressly prohibit the use of brass, bronze, steel, tungsten, and 
nearly every metallic alternative in any bullet that can be shot by a handgun, which at this 
time is nearly every caliber smaller than 50BMG (including the popular .223 
Remington, .308 Winchester and .30-06 to name just a few). Some lead-based bullets are 
resistant to fragmentation, offering hunters the ability to clean game animals with 
negligible risk of including lead fragments in prepared meat. Other bullets are prone to 
fragmentation and exacerbate the risk of lead ingestion from prepared meat. In practice, 
use of a non-fragmenting bullet and proper cleaning of the game animal's wound can 
eliminate the risk of lead ingestion from eating game;[103] however, isolating such 
practice to experimentally determine its association with blood lead levels in study is 
difficult. Bismuth is an element used as a lead-replacement for shotgun pellets used in 
waterfowl hunting although shotshells made from bismuth are nearly ten times the cost of 
lead. 

Lead birdshot is banned in some areas, but this is primarily for the benefit of wildfowl 
and their predators, rather than humans.[118] Non-lead alternatives include steel, tungsten-
nickel-iron, bismuth-tin, and tungsten-polymer. 

Pathophysiology 

 
Tetraethyllead, still used as an additive in some fuels, can be absorbed through the 
skin.[22] 

Exposure occurs through inhalation, ingestion or occasionally skin contact. Lead may be 
taken in through direct contact with mouth, nose, and eyes (mucous membranes), and 
through breaks in the skin. Tetraethyllead, which was a gasoline additive and is still 
used in fuels such as aviation fuel, passes through the skin; however inorganic lead 
found in paint, food, and most lead-containing consumer products is only minimally 
absorbed through the skin.[22] The main sources of absorption of inorganic lead are 



from ingestion and inhalation.[21] In adults, about 35–40% of inhaled lead dust is 
deposited in the lungs, and about 95% of that goes into the bloodstream.[21] Of ingested 
inorganic lead, about 15% is absorbed, but this percentage is higher in children, pregnant 
women, and people with deficiencies of calcium, zinc, or iron.[15] Children and infants 
may absorb about 50% of ingested lead, but little is known about absorption rates in 
children.[119] 

The main body compartments that store lead are the blood, soft tissues, and bone; 
the half-life of lead in these tissues is measured in weeks for blood, months for soft 
tissues, and years for bone.[15] Lead in the bones, teeth, hair, and nails is bound tightly 
and not available to other tissues, and is generally thought not to be harmful.[120] In adults, 
94% of absorbed lead is deposited in the bones and teeth, but children only store 70% in 
this manner, a fact which may partially account for the more serious health effects on 
children.[11] The estimated half-life of lead in bone is 20 to 30 years, and bone can 
introduce lead into the bloodstream long after the initial exposure is gone.[22] The half-life 
of lead in the blood in men is about 40 days, but it may be longer in children and 
pregnant women, whose bones are undergoing remodeling, which allows the lead to 
be continuously re-introduced into the bloodstream.[11] Also, if lead exposure takes 
place over years, clearance is much slower, partly due to the re-release of lead from 
bone.[121] Many other tissues store lead, but those with the highest concentrations 
(other than blood, bone, and teeth) are the brain, spleen, kidneys, liver, and 
lungs.[18] It is removed from the body very slowly, mainly through urine.[7] Smaller 
amounts of lead are also eliminated through the feces, and very small amounts in hair, 
nails, and sweat.[122] 

Lead has no known physiologically relevant role in the body,[36][70] and its harmful effects 
are myriad. Lead and other heavy metals create reactive radicals which damage cell 
structures including DNA and cell membranes.[123] Lead also interferes with DNA 
transcription, enzymes that help in the synthesis of vitamin D, and enzymes that 
maintain the integrity of the cell membrane.[18]  

Anemia may result when the cell membranes of red blood cells become more fragile as 
the result of damage to their membranes.[124] Lead interferes with metabolism of bones 
and teeth[125] and alters the permeability of blood vessels and collagen synthesis.[23] Lead 
may also be harmful to the developing immune system, causing production of excessive 
inflammatory proteins; this mechanism may mean that lead exposure is a risk factor for 
asthma in children.[125]  

Lead exposure has also been associated with a decrease in activity of immune cells such 
as polymorphonuclear leukocytes.[125] Lead also interferes with the normal metabolism of 
calcium in cells and causes it to build up within them.[84] 

Enzymes 

The primary cause of lead's toxicity is its interference with a variety of enzymes 
because it binds to sulfhydryl groups found on many enzymes.[7] Part of lead's toxicity 



results from its ability to mimic other metals that take part in biological processes, 
which act as cofactors in many enzymatic reactions, displacing them at the enzymes 
on which they act.[18] Lead is able to bind to and interact with many of the same enzymes 
as these metals but, due to its differing chemistry, does not properly function as a 
cofactor, thus interfering with the enzyme's ability to catalyze its normal reaction or 
reactions. Among the essential metals with which lead interacts are calcium, iron, and 
zinc.[122] 

One of the main causes for the pathology of lead is that it interferes with the activity of 
an essential enzyme called delta-aminolevulinic acid dehydratase, or ALAD, which is 
important in the biosynthesis of heme, the cofactor found in hemoglobin.[22] Lead 
also inhibits the enzyme ferrochelatase, another enzyme involved in the formation of 
heme.[11][22][126] Ferrochelatase catalyzes the joining of protoporphyrin and Fe2+ to form 
heme.[11][18][22] Lead's interference with heme synthesis results in production of zinc 
protoporphyrin and the development of anemia.[127] Another effect of lead's interference 
with heme synthesis is the buildup of heme precursors, such as aminolevulinic acid, 
which may be directly or indirectly harmful to neurons.[128] 

Neurons 

 
 
Lead exposure damages cells in the hippocampus, a part of the brain involved in 
memory. Hippocampi of lead-exposed rats (bottom) show structural damage such as 
irregular nuclei (IN) and denaturation of myelin (DNS) compared to controls (top).[129] 

The brain is the organ most sensitive to lead exposure.[58] Lead is able to pass through 
the endothelial cells at the blood brain barrier because it can substitute for calcium ions 
and be uptaken by Calcium-ATPase pumps.[130] Lead poisoning interferes with the 
normal development of a child's brain and nervous system; therefore children are at 



greater risk of lead neurotoxicity than adults are.[131] In a child's developing brain, 
lead interferes with synapse formation in the cerebral cortex, neurochemical 
development (including that of neurotransmitters), and organization of ion channels.[127] 
It causes loss of neurons' myelin sheaths, reduces numbers of neurons, interferes 
with neurotransmission, and decreases neuronal growth.[7] 

Lead interferes with the release of neurotransmitters, chemicals used by neurons to 
send signals to other cells.[18][23] It interferes with the release of glutamate, a 
neurotransmitter important in many functions including learning, by blocking NMDA 
receptors. The targeting of NMDA receptors is thought to be one of the main causes for 
lead's toxicity to neurons.[129] A Johns Hopkins University report found that in addition to 
inhibiting the NMDA receptor, lead exposure decreased the level of expression of the 
gene for the receptor in part of the brain.[132] In addition, lead has been found in animal 
studies to cause programmed cell death in brain cells.[23] 

Diagnosis 
Diagnosis includes determining the clinical signs and the medical history, with inquiry 
into possible routes of exposure.[133] Clinical toxicologists, medical specialists in the area 
of poisoning, may be involved in diagnosis and treatment. The main tool in diagnosing 
and assessing the severity of lead poisoning is laboratory analysis of the blood lead level 
(BLL).[17] 

 
Basophilic stippling (arrows) of red blood cells in a 53-year-old who had elevated blood 
lead levels due to drinking repeatedly from glasses decorated with lead paint.[134] 

Blood film examination may reveal basophilic stippling of red blood cells (dots in red 
blood cells visible through a microscope), as well as the changes normally associated 
with iron-deficiency anemia (microcytosis and hypochromasia).[22][48] However, 
basophilic stippling is also seen in unrelated conditions, such as megaloblastic anemia 
caused by vitamin B12 (colbalamin) and folate deficiencies.[135] 

Exposure to lead also can be evaluated by measuring erythrocyte protoporphyrin (EP) in 
blood samples.[22] EP is a part of red blood cells known to increase when the amount of 
lead in the blood is high, with a delay of a few weeks.[16] Thus EP levels in conjunction 
with blood lead levels can suggest the time period of exposure; if blood lead levels are 
high but EP is still normal, this finding suggests exposure was recent.[16][25] However, the 
EP level alone is not sensitive enough to identify elevated blood lead levels below about 
35 μg/dL.[22] Due to this higher threshold for detection and the fact that EP levels also 



increase in iron deficiency, use of this method for detecting lead exposure has 
decreased.[136] 

Blood lead levels are an indicator mainly of recent or current lead exposure, not of total 
body burden.[137] Lead in bones can be measured noninvasively by X-ray fluorescence; 
this may be the best measure of cumulative exposure and total body burden.[25] However 
this method is not widely available and is mainly used for research rather than routine 
diagnosis.[77] Another radiographic sign of elevated lead levels is the presence of 
radiodense lines called lead lines at the metaphysis in the long bones of growing children, 
especially around the knees.[138] These lead lines, caused by increased calcification due to 
disrupted metabolism in the growing bones, become wider as the duration of lead 
exposure increases.[138] X-rays may also reveal lead-containing foreign materials such as 
paint chips in the gastrointestinal tract.[14][138] 

Fecal lead content that is measured over the course of a few days may also be an accurate 
way to estimate the overall amount of childhood lead intake. This form of measurement 
may serve as a useful way to see the extent of oral lead exposure from all the diet and 
environmental sources of lead.[139] 

Lead poisoning shares symptoms with other conditions and may be easily missed.[27] 
Conditions that present similarly and must be ruled out in diagnosing lead poisoning 
include carpal tunnel syndrome, Guillain-Barré syndrome, renal colic, appendicitis, 
encephalitis in adults, and viral gastroenteritis in children.[133] Other differential 
diagnoses in children include constipation, abdominal colic, iron deficiency, subdural 
hematoma, neoplasms of the central nervous system, emotional and behavior disorders, 
and intellectual disability.[17] 

Reference levels 

The current reference range for acceptable blood lead concentrations in healthy persons 
without excessive exposure to environmental sources of lead is less than 5 µg/dL for 
children.[3] It was less than 25 µg/dL for adults.[140] Previous to 2012 the value for 
children was 10 (µg/dl).[4] The current biological exposure index (a level that should not 
be exceeded) for lead-exposed workers in the U.S. is 30 µg/dL in a random blood 
specimen. 

The National Institute for Occupational Safety and Health (CDC/NIOSH) reference blood 
lead level in adults is 10 μg/dL[141] The U.S. national BLL geometric mean among adults 
was 1.2 μg/dL in 2009–2010.[142] 

Blood lead concentrations in poisoning victims have ranged from 30->80 µg/dL in 
children exposed to lead paint in older houses, 77–104 µg/dL in persons working with 
pottery glazes, 90–137 µg/dL in individuals consuming contaminated herbal medicines, 
109–139 µg/dL in indoor shooting range instructors and as high as 330 µg/dL in those 
drinking fruit juices from glazed earthenware containers.[143] 



Prevention 

 
Testing kits are commercially available for detecting lead. These swabs, when wiped on a 
surface, turn red in the presence of lead. 

In most cases, lead poisoning is preventable[71] by avoiding exposure to lead.[10] 
Prevention strategies can be divided into individual (measures taken by a family), 
preventive medicine (identifying and intervening with high-risk individuals), and public 
health (reducing risk on a population level).[6] 

Recommended steps by individuals to reduce the blood lead levels of children include 
increasing their frequency of hand washing and their intake of calcium and iron, 
discouraging them from putting their hands to their mouths, vacuuming frequently, and 
eliminating the presence of lead-containing objects such as blinds and jewellery in the 
house.[144] In houses with lead pipes or plumbing solder, these can be replaced.[144] Less 
permanent but cheaper methods include running water in the morning to flush out the 
most contaminated water, or adjusting the water's chemistry to prevent corrosion of 
pipes.[144] Lead testing kits are commercially available for detecting the presence of lead 
in the household.[101] As hot water is more likely than cold water to contain higher 
amounts of lead, use only cold water from the tap for drinking, cooking, and for making 
baby formula. Since most of the lead in household water usually comes from plumbing in 
the house and not from the local water supply, using cold water can avoid lead 
exposure.[145] Measures such as dust control and household education do not appear to be 
effective in changing children's blood levels.[146] 

Screening is an important method in preventive medicine strategies.[6] Screening 
programs exist to test the blood of children at high risk for lead exposure, such as those 
who live near lead-related industries.[17] 

Prevention measures also exist on national and municipal levels. Recommendations by 
health professionals for lowering childhood exposures include banning the use of lead 
where it is not essential and strengthening regulations that limit the amount of lead in soil, 
water, air, household dust, and products.[37] Regulations exist to limit the amount of lead 
in paint; for example, a 1978 law in the US restricted the lead in paint for residences, 
furniture, and toys to 0.06% or less.[79] In October 2008, the US Environmental 
Protection Agency reduced the allowable lead level by a factor of ten to 0.15 micrograms 
per cubic meter of air, giving states five years to comply with the standards.[147] The 
European Union's Restriction of Hazardous Substances Directive limits amounts of lead 



and other toxic substances in electronics and electrical equipment. In some places, 
remediation programs exist to reduce the presence of lead when it is found to be high, for 
example in drinking water.[144] As a more radical solution, entire towns located near 
former lead mines have been "closed" by the government, and the population resettled 
elsewhere, as was the case with Picher, Oklahoma in 2009.[148][149] 

Treatment 

CDC management guidelines for children with elevated blood levels[150] 
Blood lead 

level (μg/dL) Treatment 

10–14 Education, 
repeat screening 

15–19 Repeat screening, case 
management to abate sources 

20–44 Medical evaluation, 
case management 

45–69 Medical evaluation, 
chelation, case management 

>69 Hospitalization, immediate 
chelation, case management 

The mainstays of treatment are removal from the source of lead and, for people who have 
significantly high blood lead levels or who have symptoms of poisoning, chelation 
therapy.[151] Treatment of iron, calcium, and zinc deficiencies, which are associated with 
increased lead absorption, is another part of treatment for lead poisoning.[152] When lead-
containing materials are present in the gastrointestinal tract (as evidenced by abdominal 
X-rays), whole bowel irrigation, cathartics, endoscopy, or even surgical removal may be 
used to eliminate it from the gut and prevent further exposure.[153] Lead-containing 
bullets and shrapnel may also present a threat of further exposure and may need to be 
surgically removed if they are in or near fluid-filled or synovial spaces.[83] If lead 
encephalopathy is present, anticonvulsants may be given to control seizures, and 
treatments to control swelling of the brain include corticosteroids and mannitol.[14][154] 
Treatment of organic lead poisoning involves removing the lead compound from the skin, 
preventing further exposure, treating seizures, and possibly chelation therapy for people 
with high blood lead concentrations.[155] 



 
EDTA, a chelating agent, binds a heavy metal, sequestering it. 

A chelating agent is a molecule with at least two negatively charged groups that allow it 
to form complexes with metal ions with multiple positive charges, such as lead.[156] The 
chelate that is thus formed is nontoxic[157] and can be excreted in the urine, initially at up 
to 50 times the normal rate.[128] The chelating agents used for treatment of lead poisoning 
are edetate disodium calcium (CaNa2EDTA), dimercaprol (BAL), which are injected, and 
succimer and d-penicillamine, which are administered orally.[158] Chelation therapy is 
used in cases of acute lead poisoning,[22] severe poisoning, and encephalopathy,[153] and is 
considered for people with blood lead levels above 25 µg/dL.[27] While the use of 
chelation for people with symptoms of lead poisoning is widely supported, use in 
asymptomatic people with high blood lead levels is more controversial.[14] Chelation 
therapy is of limited value for cases of chronic exposure to low levels of lead.[159] 
Chelation therapy is usually stopped when symptoms resolve or when blood lead levels 
return to premorbid levels.[14] When lead exposure has taken place over a long period, 
blood lead levels may rise after chelation is stopped because lead is leached into blood 
from stores in the bone;[14] thus repeated treatments are often necessary.[23] 

People receiving dimercaprol need to be assessed for peanut allergies since the 
commercial formulation contains peanut oil. Calcium EDTA is also effective if 
administered four hours after the administration of dimercaprol. Administering 
dimercaprol, DMSA (Succimer), or DMPS prior to calcium EDTA is necessary to 
prevent the redistribution of lead into the central nervous system.[160] Dimercaprol used 
alone may also redistribute lead to the brain and testes.[160] An adverse side effect of 
calcium EDTA is renal toxicity. Succimer (DMSA) is the preferred agent in mild to 
moderate lead poisoning cases. This may be the case in instances where children have a 
blood lead level >25μg/dL. The most reported adverse side effect for succimer is 
gastrointestinal disturbances.[161] It is also important to note that chelation therapy only 
lowers blood lead levels and may not prevent the lead-induced cognitive problems 
associated with lower lead levels in tissue. This may be because of the inability of these 



agents to remove sufficient amounts of lead from tissue or inability to reverse preexisting 
damage.[161] Chelating agents can have adverse effects;[77] for example, chelation therapy 
can lower the body's levels of necessary nutrients like zinc.[157][162] Chelating agents taken 
orally can increase the body's absorption of lead through the intestine.[163] 

Chelation challenge, also known as provocation testing, is used to indicate an elevated 
and mobilizable body burden of heavy metals including lead.[77] This testing involves 
collecting urine before and after administering a one-off dose of chelating agent to 
mobilize heavy metals into the urine.[77] Then urine is analyzed by a laboratory for levels 
of heavy metals; from this analysis overall body burden is inferred.[164] Chelation 
challenge mainly measures the burden of lead in soft tissues, though whether it accurately 
reflects long-term exposure or the amount of lead stored in bone remains 
controversial.[9][14] Although the technique has been used to determine whether chelation 
therapy is indicated and to diagnose heavy metal exposure, some evidence does not 
support these uses as blood levels after chelation are not comparable to the reference 
range typically used to diagnose heavy metal poisoning.[77] The single chelation dose 
could also redistribute the heavy metals to more sensitive areas such as central nervous 
system tissue.[77] 

Epidemiology 
Since lead has been used widely for centuries, the effects of exposure are worldwide.[144] 
Environmental lead is ubiquitous, and everyone has some measurable blood lead 
level.[15][121] Atmospheric lead pollution increased dramatically beginning in the 1950s as 
a result of the widespread use of leaded gasoline.[165] Lead is one of the largest 
environmental medicine problems in terms of numbers of people exposed and the public 
health toll it takes.[38] Lead exposure accounts for about 0.2% of all deaths and 0.6% of 
disability adjusted life years globally.[166] 

Although regulation reducing lead in products has greatly reduced exposure in the 
developed world since the 1970s, lead is still allowed in products in many developing 
countries.[38] In all countries that have banned leaded gasoline, average blood lead levels 
have fallen sharply.[159] However, some developing countries still allow leaded 
gasoline,[144] which is the primary source of lead exposure in most developing 
countries.[59] Beyond exposure from gasoline, the frequent use of pesticides in developing 
countries adds a risk of lead exposure and subsequent poisoning.[167] Poor children in 
developing countries are at especially high risk for lead poisoning.[59] Of North American 
children, 7% have blood lead levels above 10 μg/dL, whereas among Central and South 
American children, the percentage is 33 to 34%.[144] About one fifth of the world's 
disease burden from lead poisoning occurs in the Western Pacific, and another fifth is in 
Southeast Asia.[144] 

In developed countries, nonwhite people with low levels of education living in poorer 
areas are most at risk for elevated lead.[38] In the US, the groups most at risk for lead 
exposure are the impoverished, city-dwellers, and immigrants.[56] African-American 
children and those living in old housing have also been found to be at elevated risk for 



high blood lead levels in the US.[168] Low-income people often live in old housing with 
lead paint, which may begin to peel, exposing residents to high levels of lead-containing 
dust. 

Risk factors for elevated lead exposure include alcohol consumption and smoking 
(possibly because of contamination of tobacco leaves with lead-containing 
pesticides).[121] Adults with certain risk factors might be more susceptible to toxicity; 
these include calcium and iron deficiencies, old age, disease of organs targeted by lead 
(e.g. the brain, the kidneys), and possibly genetic susceptibility.[65] Differences in 
vulnerability to lead-induced neurological damage between males and females have also 
been found, but some studies have found males to be at greater risk, while others have 
found females to be.[24] 

In adults, blood lead levels steadily increase with increasing age.[10] In adults of all ages, 
men have higher blood lead levels than women do.[10] Children are more sensitive to 
elevated blood lead levels than adults are.[169] Children may also have a higher intake of 
lead than adults; they breathe faster and may be more likely to have contact with and 
ingest soil.[82] Children ages one to three tend to have the highest blood lead levels, 
possibly because at that age they begin to walk and explore their environment, and they 
use their mouths in their exploration.[24] Blood levels usually peak at about 18–24 months 
old.[7] In many countries including the US, household paint and dust are the major route 
of exposure in children.[82] 

Prognosis 

Reversibility 

Outcome is related to the extent and duration of lead exposure.[170] Effects of lead on the 
physiology of the kidneys and blood are generally reversible; its effects on the central 
nervous system are not.[48] While peripheral effects in adults often go away when lead 
exposure ceases, evidence suggests that most of lead's effects on a child's central nervous 
system are irreversible.[24] Children with lead poisoning may thus have adverse health, 
cognitive, and behavioral effects that follow them into adulthood.[88] 

Encephalopathy 

Lead encephalopathy is a medical emergency and causes permanent brain damage 
in 70–80% of children affected by it, even those that receive the best treatment.[17] 
The mortality rate for people who develop cerebral involvement is about 25%, and of 
those who survive who had lead encephalopathy symptoms by the time chelation therapy 
was begun, about 40% have permanent neurological problems such as cerebral palsy.[27] 

 

 



Long-term 

Exposure to lead may also decrease lifespan and have health effects in the long 
term.[23] Death rates from a variety of causes have been found to be higher in people with 
elevated blood lead levels; these include cancer, stroke, and heart disease, and general 
death rates from all causes.[10] Lead is considered a possible human carcinogen based on 
evidence from animal studies.[171] Evidence also suggests that age-related mental decline 
and psychiatric symptoms are correlated with lead exposure.[121] Cumulative exposure 
over a prolonged period may have a more important effect on some aspects of health than 
recent exposure.[121] Some health effects, such as high blood pressure, are only significant 
risks when lead exposure is prolonged (over about one year).[65] 

History 

 
 
Dioscorides noted lead's effect on the mind in the first century A.D 
. 

 
 
Roman lead water pipes with taps 

Lead poisoning was among the first known and most widely studied work and 
environmental hazards.[123] One of the first metals to be smelted and used,[79] lead is 
thought to have been discovered and first mined in Anatolia around 6500 BCE.[80] Its 
density, workability, and corrosion-resistance were among the metal's attractions.[123] 



In the 2nd century BCE the Greek botanist Nicander described the colic and 
paralysis seen in lead-poisoned people.[20][23] Dioscorides, a Greek physician who 
lived in the 1st century CE, wrote that lead makes the mind "give way".[79][172] 

Lead was used extensively in Roman aqueducts from about 500 BCE to 300 CE[80] 
Julius Caesar's engineer, Vitruvius, reported, "water is much more wholesome from 
earthenware pipes than from lead pipes. For it seems to be made injurious by lead, 
because white lead is produced by it, and this is said to be harmful to the human 
body."[173] Gout, prevalent in affluent Rome, is thought to be the result of lead, or 
leaded eating and drinking vessels. Sugar of lead (lead(II) acetate) was used to sweeten 
wine, and the gout that resulted from this was known as "saturnine" gout.[174] It is even 
hypothesized that lead poisoning may have contributed to the decline of the Roman 
Empire,[23][79] a hypothesis thoroughly disputed: 

The great disadvantage of lead has always been that it is poisonous. This was fully 
recognised by the ancients, and Vitruvius specifically warns against its use. Because it 
was nevertheless used in profusion for carrying drinking water, the conclusion has often 
been drawn that the Romans must therefore have suffered from lead poisoning; 
sometimes conclusions are carried even further and it is inferred that this caused 
infertility and other unwelcome conditions, and that lead plumbing was largely 
responsible for the decline and fall of Rome. 

Two things make this otherwise attractive hypothesis impossible. First, the calcium 
carbonate deposit that formed so thickly inside the aqueduct channels also formed inside 
the pipes, effectively insulating the water from the lead, so that the two never touched. 
Second, because the Romans had so few taps and the water was constantly running, it 
was never inside the pipes for more than a few minutes, and certainly not long enough to 
become contaminated.[175] 

However, recent research supports the idea that the lead found in the water came from the 
supply pipes, rather than another source of contamination. It was not unknown for locals 
to punch holes in the pipes to draw water off, increasing the number of people exposed to 
the lead. 

Thirty years ago, Jerome Nriagu argued in a milestone paper that Roman civilization 
collapsed as a result of lead poisoning. Clair Patterson, the scientist who convinced 
governments to ban lead from gasoline, enthusiastically endorsed this idea, which 
nevertheless triggered a volley of publications aimed at refuting it. Although today lead is 
no longer seen as the prime culprit of Rome’s demise, its status in the system of water 
distribution by lead pipes (fistulæ) still stands as a major public health issue. By 
measuring Pb isotope compositions of sediments from the Tiber River and the Trajanic 
Harbor, the present work shows that “tap water” from ancient Rome had 100 times more 
lead than local spring waters.[176][177][178] 

Romans also consumed lead through the consumption of defrutum, carenum, and sapa, 
musts made by boiling down fruit in lead cookware. Defrutum and its relatives were used 



in Ancient Roman cuisine and cosmetics, including as a food preservative.[179] The use of 
leaden cookware, though popular, was not the general standard and copper cookware was 
used far more generally. There is also no indication how often sapa was added or in what 
quantity. 

The consumption of sapa as having a role in the fall of the Roman Empire was used in a 
theory proposed by geochemist Jerome Nriagu[180] to state that "lead poisoning 
contributed to the decline of the Roman Empire". John Scarborough, a pharmacologist 
and classicist, criticized the conclusions drawn by Nriagu's book as "so full of false 
evidence, miscitations, typographical errors, and a blatant flippancy regarding primary 
sources that the reader cannot trust the basic arguments."[181] 

After antiquity, mention of lead poisoning was absent from medical literature until the 
end of the Middle Ages.[182] In 1656 the German physician Samuel Stockhausen 
recognized dust and fumes containing lead compounds as the cause of disease, called 
since ancient Roman times morbi metallici, that were known to afflict miners, smelter 
workers, potters, and others whose work exposed them to the metal.[183][184] 

The painter Caravaggio might have died of lead poisoning. Bones with high lead 
levels were recently found in a grave thought likely to be his.[185] Paints used at the time 
contained high amounts of lead salts. Caravaggio is known to have exhibited violent 
behavior, as caused by lead poisoning. 

In 17th-century Germany, the physician Eberhard Gockel discovered lead-contaminated 
wine to be the cause of an epidemic of colic.[183] He had noticed that monks who did not 
drink wine were healthy, while wine drinkers developed colic,[20] and traced the cause to 
sugar of lead, made by simmering litharge with vinegar.[183] As a result, Eberhard Ludwig, 
Duke of Württemberg issued an edict in 1696 banning the adulteration of wines with 
litharge.[183] 

In the 18th century lead poisoning was fairly frequent on account of the widespread 
drinking of rum, which was made in stills with a lead component (the "worm"). It was a 
significant cause of mortality amongst slaves and sailors in the colonial West 
Indies.[186][187] Lead poisoning from rum was also noted in Boston.[188] Benjamin Franklin 
suspected lead to be a risk in 1786.[189] Also in the 18th century, "Devonshire colic" was 
the name given to the symptoms suffered by people of Devon who drank cider made in 
presses that were lined with lead.[20] Lead was added to cheap wine illegally in the 18th 
and early 19th centuries as a sweetener.[190] The composer Beethoven, a heavy wine 
drinker, suffered elevated lead levels (as later detected in his hair) possibly due to this; 
the cause of his death is controversial, but lead poisoning is a contender as a 
factor.[190][191] 

With the Industrial Revolution in the 19th century, lead poisoning became common in 
the work setting.[79] The introduction of lead paint for residential use in the 19th century 
increased childhood exposure to lead; for millennia before this, most lead exposure had 
been occupational.[24] An important step in the understanding of childhood lead poisoning 



occurred when toxicity in children from lead paint was recognized in Australia in 
1897.[79] France, Belgium, and Austria banned white lead interior paints in 1909; the 
League of Nations followed suit in 1922.[80] However, in the United States, laws banning 
lead house paint were not passed until 1971, and it was phased out and not fully banned 
until 1978.[80] 

The 20th century saw an increase in worldwide lead exposure levels due to the increased 
widespread use of the metal.[192] Beginning in the 1920s, lead was added to gasoline to 
improve its combustion; lead from this exhaust persists today in soil and dust in 
buildings.[10] Blood lead levels worldwide have been declining sharply since the 1980s, 
when leaded gasoline began to be phased out.[10] In those countries that have banned lead 
in solder for food and drink cans and have banned leaded gasoline additives, blood lead 
levels have fallen sharply since the mid-1980s.[193] 

The levels found today in most people are orders of magnitude greater than those of pre-
industrial society.[22][62] Due to reductions of lead in products and the workplace, acute 
lead poisoning is rare in most countries today, but low level lead exposure is still 
common.[194] It was not until the second half of the 20th century that subclinical lead 
exposure became understood to be a problem.[182] During the end of the 20th century, the 
blood lead levels deemed acceptable steadily declined.[195] Blood lead levels once 
considered safe are now considered hazardous, with no known safe threshold.[71][196] 

In the 1980s Herbert Needleman was falsely accused of scientific misconduct by the 
Lead Industry Associates.[197][198] 

In 2002 Tommy Thompson, secretary of Health and Human Services appointed at least 
two persons with conflicts of interest to the CDC's Lead Advisory Committee.[199][200] 

In 2014 a case by the state of California against a number of companies decided against 
Sherwin-Williams NL Industries and ConAgra and required them to pay $1.15 
billion.[201][202] 

Notable cases 
15,000 people are being relocated from Jiyuan in central Henan province to other 
locations after 1000 children living around China's largest smelter plant (owned and 
operated by Yuguang Gold and Lead) were found to have excess lead in their blood. The 
total cost of this project is estimated to around 1 billion yuan ($150 million). 70% of the 
cost will be paid by local government and the smelter company, while the rest will be 
paid by the residents themselves. The government has suspended production at 32 of 35 
lead plants.[203] The affected area includes people from 10 different villages.[204] 

The Zamfara State lead poisoning epidemic occurred in Nigeria in 2010. As of October 5, 
2010 at least 400 children have died from the effects of lead poisoning.[205] 



Other species 
Humans are not alone in suffering from lead's effects; plants and animals are also affected 
by lead toxicity to varying degrees depending on species.[90] Animals experience many of 
the same effects of lead exposure as humans do, such as abdominal pain, peripheral 
neuropathy, and behavioral changes such as increased aggression.[38] Much of what is 
known about human lead toxicity and its effects is derived from animal studies.[24] 
Animals are used to test the effects of treatments, such as chelating agents,[206] and to 
provide information on the pathophysiology of lead, such as how it is absorbed and 
distributed in the body.[207] 

Farm animals such as cows and horses[208] as well as pet animals are also susceptible to 
the effects of lead toxicity.[157] Sources of lead exposure in pets can be the same as those 
that present health threats to humans sharing the environment, such as paint and blinds, 
and there is sometimes lead in toys made for pets.[157] Lead poisoning in a pet dog may 
indicate that children in the same household are at increased risk for elevated lead 
levels.[38] 

Wildlife 

 
Turkey vultures, Cathartes aura (shown), and California condors can be poisoned when 
they eat carcasses of animals shot with lead pellets. 

Lead, one of the leading causes of toxicity in waterfowl, has been known to cause die-
offs of wild bird populations.[157] When hunters use lead shot, waterfowl such as ducks 
can ingest the spent pellets later and be poisoned; predators that eat these birds are also at 
risk.[209] Lead shot-related waterfowl poisonings were first documented in the US in the 
1880s.[38] By 1919, the spent lead pellets from waterfowl hunting was positively 
identified as the source of waterfowl deaths.[210] Lead shot has been banned for hunting 
waterfowl in several countries,[38] including the US in 1991 and Canada in 1997.[211] 
Other threats to wildlife include lead paint, sediment from lead mines and smelters, and 
lead weights from fishing lines.[211] Lead in some fishing gear has been banned in several 
countries.[38] 

The critically endangered California condor has also been affected by lead poisoning. As 
scavengers, condors eat carcasses of game that have been shot but not retrieved, and with 
them the fragments from lead bullets; this increases their lead levels.[212] Among condors 



around the Grand Canyon, lead poisoning due to eating lead shot is the most frequently 
diagnosed cause of death.[212] In an effort to protect this species, in areas designated as 
the California condor's range the use of projectiles containing lead has been banned to 
hunt deer, feral pigs, elk, pronghorn antelope, coyotes, ground squirrels, and other non-
game wildlife.[213] Also, conservation programs exist which routinely capture condors, 
check their blood lead levels, and treat cases of poisoning.[212] 

 


