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Lead is classified as a Group IVb element 
in the Periodic Table, together with 

carbon, silicon, germanium and tin. It is 
the only one of these elements that is 
toxic, and forms two series of compounds: 
divalent or plumbous compounds, and 
tetravalent or plumbic compounds, such 
as lead dioxide and lead tetra-acetate. 
The former is found in lead-acid batteries, 
whereas the latter is used as an oxidising 
agent in organic chemistry.

Lead is thought to have been mined for 
the first time in Anatolia in about 6500 BC. 
Evidence for its use by ancient civilisations 
include an idol made of lead, dating from 
about 2200 BC, found in Troy, and use in 
Roman water pipes. It has been argued 
that chronic lead poisoning contributed to 
the decline of the Roman Empire; however, 
the evidence for this is controversial.

HISTORY OF LEAD POISONING
The recognition of lead poisoning has a long 
history. The oldest surviving description is 
found in a treatise on poisons by the Greek 
physician Nicander of Colophon, dating to 
the second century BC, where he refers 

to abdominal colic and nerve palsies 
associated with lead poisoning. In the 
17th century, German physician Eberhard 
Gockel discovered that wine contaminated 
with lead caused abdominal colic. During 
the 17th and 18th centuries, a condition 
known as Devonshire colic was found in 
people who drank cider produced from 
apples that had been pressed in containers 
lined with lead. 

Lead poisoning became more widespread 
during the industrial revolution of the 19th 
century. It was also common in painters, 
who suffered so-called painter’s colic due 
to the use of ‘white lead’, a basic form of 
lead carbonate. The publication, in 1839, 
of a monograph by French physician Louis 
Tanquerel des Planches on the clinical 
features of 1200 cases of lead poisoning, 
marked one of the first comprehensive 
studies of occupational illness. Over 40 
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Figure 1. A black/blue line on the gums caused by the deposit of lead sulfide is a clear sign of 
lead poisoning (© Biophoto Associates/Science Photo Library)
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years later, in 1883, the Factories Act was 
passed in the UK. Concerned with the 
prevention of lead poisoning, this was the 
first act of parliament directed against a 
specific industrial disease. Lead poisoning 
became a notifiable industrial disease in 
Britain in 1899.

USES OF LEAD
Lead and its compounds continue to be 
valuable, despite their poisonous nature. 
In 2016, about 5 million tons of lead were 
mined throughout the world, with most 
being used in the manufacture of lead-
acid batteries. Although the use of lead 
compounds as a pigment – in particular 
white lead – has declined, it is still legal in 
Britain to use lead paints for the decoration 
of Grade I and Grade II* listed buildings. 
Elemental lead is also used as a protection 
against ionising radiation, and also in the 
manufacture of glazes and lead crystal 
glass. The use of tetra-ethyl lead in petrol as 
an ‘anti-knock’ agent has largely ceased.

In medicine, lead salts once had a limited 
use as an astringent to treat eczema  
and bruises. Lotio plumbi evaporans 

and Lotio plumbi cum opio were last 
included in the 1954 edition of the British 
Pharmaceutical Codex.

CLINICAL FEATURES OF LEAD POISONING
The clinical features of poisoning with lead 
(Box 1) depend on whether the patient has 
ingested a toxic quantity of lead at one time 
or has been exposed to low concentrations 
of lead over a long period, and whether 
exposure is to an inorganic lead compound, 
including lead dust, or organic lead 
compounds such as tetra-ethyl lead.

Poisoning caused by inorganic  
lead compounds
Abdominal colic and palsies of the 
peripheral nerves are the main symptoms 
of poisoning with inorganic lead 
compounds, while symptoms suggestive of 
lesions within the central nervous system 
predominate in poisoning with organic 
lead compounds. Children are more 
susceptible than adults to lead poisoning, 
possibly due to their increased metabolic 
rate and because lead ions can mimic the 
calcium ions involved in bone growth.

Acute poisoning caused by inorganic lead 
compounds can present with vomiting, 
abdominal colic, diarrhoea with blood, and 
constipation. Salivation is also common, and 
the patient often complains of a metallic 
taste in the mouth. These symptoms 
are followed by oliguria, loss of vision, 
encephalopathy, convulsions and death.

Chronic poisoning is much more common 
than acute poisoning, and may develop 
over weeks to years. Gastrointestinal 
symptoms are common, in particular 
abdominal colic. Pain is severe, more 
common at night, and may simulate 
an acute abdomen. The patient often 
develops palsies of the peripheral nerves, 
together with loss of motor co-ordination. 
Symptoms indicative of damage to the 
central nervous system include insomnia, 
irritability and loss of short-term memory. 
A black/blue line on the gums caused by 
the deposit of lead sulfide (Figure 1), now 

known as Burton’s line, was described by 
Dr Henry Burton in 1840.

Manifestations of lead nephropathy, 
another feature of chronic poisoning, 
include the Fanconi syndrome and gout 
(saturnine gout) caused by decreased 
secretion of urate. Chronic lead poisoning 
is also associated with hypertension, and 
possibly coronary arterial disease.

Lead ions can cross the placenta and are 
present in breast milk. Pregnant women 
exposed to toxic quantities of lead are 
more likely to go into premature labour 
and have a low birth-weight child. Lead 
poisoning is associated with reduced sperm 
counts in men, with abnormal spermatozoa 
also more common.

In children, the symptoms of lead 
poisoning are similar to, but more 
severe than those in adults, with chronic 
poisoning potentially leading to impaired 
intellectual development.

Some research has suggested that there 
is an association between high rates 
of violent crime and exposure to lead, 
presumably due to the toxic effects of lead 
on the brain.

Poisoning by tetra-ethyl lead
Tetra-ethyl lead is a colourless, pleasant-
smelling liquid. It was added to petrol for 
the first time in 1923 as an ‘anti-knocking’ 
agent, allowing petrol engines to run 
more efficiently. The toxicity of tetra-
ethyl lead was known in the 1920s, but 
pressure from the lead industry ensured 
its continued use, to the point where, in 
1943, a researcher who showed that lead 
poisoning caused behavioural problems in 
children was forced to end his research due 
to the threat of legal action.

Research showing the toxicity of tetra-ethyl 
lead began to be published in the 1960s, 
and in 1973 the Environmental Protection 
Agency in the USA issued regulations to 
reduce the lead concentration in petrol. 

Box 1. Acute and chronic lead poisoning 
present with a wide range of symptoms

●  Abdominal colic
●  Palsies of the peripheral nerves
●  Vomiting
●  Diarrhoea with blood
●  Constipation 
●  Salivation
●  Insomnia
●  Irritability and loss of short-term memory
●  Black/blue line on the gums
●  Fanconi syndrome and gout
●  Hypertension
●  Reduced sperm counts
●  Abnormal spermatozoa
●  Impaired intellectual development in 

children
●  Anorexia
●  Sickness in the morning
●  Mental disturbances
●  Muscular weakness and tremor
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Leaded petrol was withdrawn in the UK in 
1998 and has now been banned in most 
countries worldwide.

Tetra-ethyl lead is readily absorbed 
through the skin and the respiratory tract. 
It is metabolised by the liver to form 
tri-ethyl lead ions, which, being soluble 
in water, are carried around the body and 
enter organs, including the brain. Studies 
of the brains of people who have died from 
lead poisoning show the presence of both 
focal and diffuse lesions, and degeneration 
of nerve cells is found throughout the 
cerebrum and cerebellum. Focal lesions are 
prominent in the mammillary bodies, the 
corpora quadrigemina and the floor of the 
IVth ventricle.

Early symptoms of poisoning by tetra-ethyl 
lead include irritability, insomnia, anorexia 
and sickness in the morning, although 
there is no abdominal colic. Mental 
disturbances dominate the clinical picture, 
and patients often develop muscular 
weakness and tremor.

THE DIAGNOSIS OF LEAD POISONING
Asking about the patient’s present  
and past occupation should form part  

of every medical history. The clinical 
features that have already been discussed 
are suggestive, but not diagnostic of  
lead poisoning.

Levels of lead in the blood are the best 
indicator of lead poisoning. Although  
no concentration of lead in the blood 
can be considered safe, concentrations in 
adults should be less than 10µg/dL and less 
than 5µg/dL in children. Patients whose 
blood lead concentration lies between 
60–80µg/dL will have mild symptoms 
of lead poisoning, while concentrations 
above 80µg/dL are associated with definite 
features of poisoning.

TREATMENT OF LEAD POISONING
It is essential that lead poisoning is treated 
by doctors with the relevant experience.

The first step is to remove the patient  
from the source of lead poisoning. Eating 
flakes of lead-based paint used to be 
a common cause of lead poisoning in 
children, and may still be a problem in 
some old houses. Drinking water that  
has come through lead pipes will contain 
little lead, provided that the water is ‘hard’. 
Hard water causes an insoluble coating  

of basic lead carbonate on the inside of  
the pipe.

Chelating agents are the main therapeutic 
agents for the treatment of lead 
poisoning. There are currently four in use: 
dimercaptosuccinic acid, calcium disodium 
ethylene diamine tetra-acetic acid, 
dimercaprol and D-penicillamine. These 
agents form water-soluble complexes  
with lead, which are excreted through  
the kidneys.

The indications for chelation therapy are 
well defined in acute lead poisoning, but 
they are less clear-cut in cases of chronic 
poisoning. There is little information 
available about the benefits of chelation 
therapy in patients with chronic lead 
nephropathy.

CONCLUSION
Although lead poisoning is now rare in  
the UK, it should always be a consideration 
when confronted with a patient whose 
symptoms appear inexplicable, especially  
if symptoms of neurological disease  
are present.
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