
 

 

 

LEAD POISONING 

 

An “Ethyl” petrol bowser, circa 1930. 

(From A Short History of Nearly Everything, Bill Bryson) 

 



In the late 1940s a young University of Chicago geology graduate named Clair Patterson 

(who incidentally was a male), was working on a project to accurately date the age of the 

Earth, a problem which  had been the topic of intense debate for the previous one hundred 

years. He was using the newly developed and revolutionary technique of radiometric dating. 

He reasoned that by studying the radiometric decay of uranium to lead in meteorites he 

could arrive at a close figure for the age of the solar system and hence of the Earth. 

Something however seemed to be corrupting his results. Vastly and unexpectedly elevated 

levels of lead were interfering will his results. Patterson soon realized that the source of this 

lead was contamination from the atmosphere. Correcting for this he was eventually able to 

complete his work and announced to the world in 1952 from CALTECH where he was 

working, that the Earth was 4.55 billion years old, (give or take 70 million years or so),  a 

figure still pretty much accepted today. 

 

Having achieved this Patterson turned his attention to the mystery of why atmospheric lead 

levels were so unexpectedly high. There was no known natural explanation for this. He was 

concerned as adverse effects of lead on the human body where strongly suspected at the time, 

although this still remained somewhat uncertain. By a further brilliant series of scientific 

investigations he began to study frozen ice cores form regions such as Greenland. The 

reason for this is that the ice cores preserve a frozen record of the atmospheric conditions of 

the Earth year by year into the distant past. He did not have to search very far distant into 

the past however. He made the stunning discovery that prior to around the year 1923, the 

atmosphere contained virtually no lead whatsoever! 

 

What happened to the Earth’s atmosphere in 1923? Patterson suspected he knew the answer 

to this, though many powerfully placed government and industrial interests would not like his 

answer. In 1921 another young researcher, this time a chemical engineer named Thomas 

Midgley, had also made a discovery while working for the General Motors Research 

Corporations. This discovery would have one of the major deleterious impacts on public 

health of the 20th Century. He found that by adding the organic lead compound, tetra-ethyl 

lead to petrol it would greatly reduce the “juddering” of car engines of the time, known as 

“engine knock”. In 1923 three of America’s largest corporations, General Motors, DuPont 

and Standard Oil of New Jersey were so excited by this discovery that they formed a joint 

enterprise named Ethyl Gasoline Corporation with a view to, in the words of Bill Bryson, 

“making as much tetraethyl lead as the world was willing to buy, and that proved to be a 

very great deal”. They began the hard sell by calling the magical new additive simply 

“ethyl” in order to deliberately avoid using the word lead. Almost from the very beginning of 

production workers at the Ethyl Gasoline Corporation began to suffer health problems and 

severe health problems at that, including staggering gaits and disturbances in mental 

faculties. The corporation did its utmost to cover this up, blaming worker’s symptoms on 

“stress and overwork”, in fact anything other than on lead. 

 

In the 1950s Clair Patterson began a virtually one man campaign against the gasoline 

industry, from which he never once wavered despite enormous pressure and threats to his job 

that came from the industry and friends of the industry in high government places. Eventually 

largely by his efforts the United States introduced the “Clean Air Act” of 1970 which 

outlawed the use of lead in petrol. Throughout the first world today we have the “benefit” of 

unleaded petrol, yet this is still not entirely so in many parts of the third world where leaded 

petrol continues to be aggressively sold before it can be finally “phased out”.  Whilst the 

introduction of unleaded petrol resulted in an almost immediate fall in blood lead levels of 



the population of North America, lead does not “go away” and people today still record 

blood lead levels which are over 600 times that of our ancestors of a century ago. 

Considering the known deleterious effects of lead, in children especially, it is of major 

concern that leaded petrol is still being produced anywhere in the world at all. 

 

Thomas Midgley died in 1944 when strangled by an invention he had made to assist himself 

turn in bed once he had contracted polio. He died however not before contributing another 

public health disaster of 20th Century industry. He introduced chlorofluorocarbons better 

known as CFCs into the world. These same CFCs which are now devouring the Earth’s 

ozone layer at an alarming rate.  

 

Clair Patterson died in 1995, unsung and virtually unknown. Most geology books do not even 

mention his name. In 2001 a writer in Nature made the alarming error in thinking that 

Patterson was female. He did not win a Noble prize despite his work on determining the age 

of the Earth and his almost single handed contribution for the fight against one of the 20th 

Century’s deadliest environmental legacies.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Promotional poster for Ethyl in the 1930s 

 

 



LEAD POISONING 

 

ACUTE TOXICITY 

 

Introduction 

 

Acute lead poisoning is rare but potentially lethal. 

 

In Australia it may be seen with ingestions, such as lead fishing sinkers in children. 

 

In the developing world, it may be seen with both acute and chronic inhalation of lead 

dust or fumes in industrial settings or polluted environmental settings. 

 

Sources of Exposure 

 

Possible sources of exposure include: 

 

1. Industrial sources: 

 

This may result in both acute and chronic exposure usually in the form of inhalation 

of lead dust or fumes. 

 

● Smelting and metal recycling. 

 

● Lead galvanizing and lead painting. 

 

● In some aspects of jewelry, stained glass and pottery glazing or lead piping 

  activities. 

 

2. Environmental contamination: 

 

● Atmospheric contamination and inhalation.  

 

 This issue has been addressed in “first world” countries, including Australia, 

with the removal of lead additives to petrol, however it still remains a 

significant public health issue in many third world nations.  

 

● Contaminated drinking water.   

 

3. Exposure to antique lead painted objects, such as toys or old houses. 

 

4. Lead foreign bodies: 

 

● Bullets and shrapnel that are retained near or within joint or body synovial 

lined cavities. 

 

 ● Ingestions such as fishing sinkers. 

 

5. Ingestion of lead-containing “traditional” remedies 



 

See also separate documents on: 

 

●   Dimercaprol - (BAL) (in Drugs folder) 

 

● Succimer (DMSA) (in Drugs folder) 

 

● Sodium Calcium Edetate (EDTA) (in Drugs folder) 

 

Toxicology 

 

Lead has no physiological function at all. It is purely a poison with respect to biological 

processes. 

 

It has toxic effects on a wide range of intracellular processes, by complexing ligands, (mainly 

sulphydryl groups) 

 

 Clinical effects include: 

 

1. The nervous system: 

 

● Both CNS and peripheral nervous tissue can be affected and results in the 

major toxicological manifestations of lead poisoning. 

 

2. Haematopoietic system: 

 

 ● Anemia. 

 

3. Renal:  

 

● Chronic interstitial nephritis 

 

● Fanconi’s syndrome.  

 

4. Reproductive system. 

 

● Sterility can occur. 

 

Pharmacokinetics 

 

Absorption: 

 

● Absorption can be oral, dermal or inhaled.  

 

● The inhaled route is by far the most toxic route. Lead fumes and dust is readily 

absorbed via the lungs. 

 

● Inorganic lead does not penetrate the skin. Organic lead compounds such as tetra-

ethyl lead are lipid soluble and can be readily absorbed through intact skin.   



 

● Absorption of lead from solid bodies such as shrapnel may occur into synovial lined 

joints and body cavities. 

 

● Bioavailability form oral ingestion is greater in children (50%) than in adults (20%). 

Bioavailability is also enhanced by a high fat-low calcium diet. 

 

Distribution: 

 

Once absorbed lead accumulates and is bound in red blood cells to then be widely distributed 

in the body. 

 

Lead can readily cross the placenta. 

 

Lead then accumulates in specific tissues including: 

 

1. Bone 

 

● This can act as a major storage depot, (over 90%). Lead can remobilize from 

bone, decades after exposure has ceased and cause persistently high levels for 

months to years. 

 

2. CNS 

 

3. Kidneys 

 

4. Spleen 

 

Metabolism and excretion: 

 

● Urinary excretion is the predominant elimination pathway.  

 

Risk Assessment 

 

● Acute severe lead intoxication is associated with encephalopathy due to cerebral 

edema which can be lethal. 

 

● The risk of long term neurological sequelae roughly correlates to the blood lead level.  

 

● Pregnancy:  

 

 Major malformations may occur in infants born to mothers with toxic lead levels. 

Maternal blood lead concentrations above 5 micrograms/dL may be of concern to the 

developing fetus.  

 

 There is increased mobilization of maternal skeletal lead during pregnancy, which 

increases fetal lead exposure. 6 

 

● Children:  



 

 Childhood exposure to lead is neurotoxic and is associated with impaired intellectual 

development.  

 

 There appears to be no lower threshold at which lead is not deleterious during 

early childhood development.  
 

● Ingestions: 

 

Absorption and clinical toxicity occurs more readily if the lead FB remains in an 

acidotic environment such as the stomach. 

 

Retention of the FB in the stomach for < 48 hours is unlikely to produce significant 
toxicity.  
 

Absorption is very slow and incomplete once past the pylorus 

 

● Occupational exposure guidelines recommend removal from source if blood 

 concentration is  > 20 ug/dL (0.96 umol/L). 

 

Clinical Features 

 

Acute ingestion or inhalation of lead leads to: 

 

1. GIT upset: 

 

 ● Nausea, vomiting and abdominal pain. 

 

2. A chemical hepatitis may occur 

 

3.  Hemolytic anemia may occur. 

 

4. Neurotoxicity in severe cases:  

 

 ● Cerebral edema, seizures, coma and death. 

 

Investigations 

 

Blood tests 

 

1. FBE 

 

● Normochromic normocytic anemia 

 

● Basophilic stippling of the RBCs is characteristic but uncommon. 

 

2. U&Es/ glucose 

 

3. LFTs 



 

4. Coagulation profile  

 

5. Whole blood lead levels: 

 

 ● In blood 95% of lead is contained within the RBC. 

 

● This is the most useful indicator of lead exposure. 

 

 Blood lead levels correlate with clinical effects: 1 

 

 

Blood lead level 

 

 

Clinical Effects 

 

 

< 0.48 micromols/L 

(< 10 micrograms/ dL) 

 

 

Minor dose dependent reduction in IQ in young children. 

 

 

0.48-1.4 micromols/L 

(10-30 micrograms/ dL) 

 

 

Subtle developmental, learning, motor, and intellectual 

abnormalities in children. 

 

 

1.4-4.8 micromols/L 

(30-100 micrograms/ dL) 

 

 

Non specific constitutional symptoms. 

 

Subclinical impairment in peripheral nerve conduction and 

psychometric testing may be seen. 

 

Peripheral neuropathies. 

 

Renal impairment 

 

Decreased fertility. 

  

 

> 4.8 micrograms/L 

(> 100 micromols/L) 

 

 

Severe GIT symptoms 

 

Encephalopathy 

 

 

 

4. Elevated free erythrocyte protoporphyrin (FEP) levels. 

 

● FEP has been used as a surrogate measure of total body lead burden, but has 

low sensitivity at levels below 25 micograms per dL, (1.2 micromols/L). 

 

● FEP is a precursor to haemoglobin. Lead inhibits the incorporation of iron into 

FEP to form haemoglobin, hence FEP levels become raised in lead poisoning. 

 



Plain Radiology 

 

This will be helpful in the detection of ingested lead foreign bodies. 

 

It will also detect lead bullets or shrapnel fragments. 

 

All ingestions or suspected ingestions require determination of the object’s location by plain 

X-ray 

 

CT Scan 

 

This should be done for any encephalopathy.  

 

It will primarily be done to rule out other pathology. 

 

MRI 

 

This should be considered for any encephalopathy especially where CT scan has not 

provided a clear diagnosis. 

 

Management 

 

1. In acute encephalopathy management of ABC along conventional lines will be the 

first priority. 

 

 ● IV sedation with benzodiazepines may be necessary. 

 

 ● Treat any seizures with IV benzodiazepines. 

 

2. Cerebral edema, if present, consider: 

 

 ● Mannitol 1gm/kg IV 

 

 ● Dexamethosone 10 mg IV 

  

3. Antidotes: 

 

 For lead poisoning there are 3 main agents which are used: 

 

 Dimercaprol: 

 

 ● Lead encephalopathy in conjunction with Sodium calcium edetate: 

 

 Sodium calcium edetate: 

 

 This is an intravenous heavy metal chelator that is indicated for: 

 

 ● Acute lead induced encephalopathy, (with dimercaprol). 

 



 ● Symptomatic patients with blood levels > 4.8 micromols/L  

 

 Succimer: 

 

 This is an orally active heavy metal chelator, indicated for: 

 

 ● Symptomatic patients without encephalopathy. 

 

● Asymptomatic patients with blood lead levels > 2.9 micromols/L for adults 

and > 2.17 micromols/L for children. 

 

 See also separate documents on: 

 

 ●   Dimercaprol - (BAL) (in Drugs folder) 

 

 ● Succimer (DMSA) (in Drugs folder) 

 

 ● Sodium Calcium Edetate (EDTA) (in Drugs folder) 

 

 Specialist toxicologist advice should be sort in the use of these agents. 

 

 As a general guide chelation therapy is undertaken as follows: 7 

 

 

 

Children and pregnant women 

 

 

Whole blood 

Pb in umol/L 

 

 

Whole blood 

Pb in ug/dL 

 

Treatment  

 

< 0.48 

 

 

< 10 

 

No action 

 

0.48 - 2.4 

 

 

10 - 50 

 

Remove from source; repeat concentration in a month; 

chelate if symptomatic 

 

 

2.4 - 3.4 

 

 

50 - 70 

 

Chelation therapy 

 

> 3.4 

 

 

> 70 

 

Chelation therapy + admit to hospital 

 

 

 

 

 



 

Adults 

 

 

Whole blood 

Pb in umol/L 

 

 

Whole blood 

Pb in ug/dL 

 

Treatment 

 

< 0.48 

 

 

< 10 

 

No action 

 

0.48 - 2.4 

 

 

10 - 50 

 

Remove from source; repeat concentration in a month 

 

2.4 - 3.4 

 

 

50 - 70 

 

Consider chelation if symptomatic or 3 consecutive 

monthly Pb levels in this range 

 

 

3.4 - 4.8 

 

 

70 - 100 

 

Chelation therapy 

 

> 4.8 

 

 

> 100 

 

Chelation therapy + admit to hospital 

 

 

4. Ingested lead foreign body: 8 

 

 ● In oesophagus: 

 

♥ If lodged in the oesophagus the lead FB should be endoscopically 

 retrieved. 

 

● In stomach:  

 

 If the patient is asymptomatic, a high residue diet together with polyethylene 

glycol solution to drink at home should be commenced. 

 

 Commence a proton pump inhibitor.   

 

 Repeat AXR in 48 hours to ensure passage.  

 

 If the FB has been retained in stomach for 2 days: 

 

 ♥ It should be removed endoscopically 

 

 ♥ Discuss the case with a clinical toxicologist the regarding utility of 

 measuring blood lead concentrations.  

 

 ● Beyond the stomach: 



 

Intervention is not indicated and there is no need to measure a blood lead 

concentration.  

 

If the FB is not passed after 10-14 days (check stools or repeat x-ray) or if the 

patient develops abdominal symptoms/signs: 

 

 ♥ Obtain a surgical consult  

 

♥ Discuss the case with a clinical toxicologist regarding utility of 

 measuring blood lead concentrations. 

 

5. Shrapnel or bullet fragments adjacent to a synovial cavity: 

 

● Surgical excision, if feasible is indicated in those with symptoms or rising 

blood lead levels. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



CHRONIC TOXICITY 

 

Introduction 

 

This is uncommon in Australia. 

 

In the “third world” chronic environmental and industrial exposure represents a major public 

health issue. 

 

Risk Assessment 

 

Chronic occupational or environmental exposure to lead usually leads to vague multi-system 

disorders with the potential for permanent sequelae. 

 

Clinical Features 

 

In chronic poisoning the following may be seen: 

 

1. Anemia is usually seen in the chronic setting rather than the acute. 

 

2. Vague “constitutional” symptoms: 

 

 ● Lethargy / malaise 

 

 ● Headache  

 

 ● Anorexia 

 

 ● Insomnia  

 

3. Peripheral neuropathies: 

 

 ● Radial and ulnar nerve neuropathies are “classical”, but rare.    

 

4. Neuro-psychiatric features may develop. These can be quite subtle. 

 

5. Burton’s line: 

 

 

 

 

 

 

 

 

 

 

 

The bluish tinge of Burton’s line, (MJA 15 September, 2008) 



 

These are Lead lines that may appear on the gum, margins as a bluish stippled line, as 

shown below. 

 

It occurs due to deposition of lead sulfide, the result of a reaction between the sulphur 

produced by oral flora and lead. 

 

Investigations 

 

1. Routine investigations as listed above for acute lead toxicity should be done 

 

2. Nerve conduction studies: 

 

● This may be done in suspected chronic cases to provide some objective 

evidence of lead neurotoxicity. 

 

3. Psychomotor testing: 

 

● This may be done in suspected chronic cases to provide some objective 

evidence of lead neurotoxicity. 

 

Management 

 

Diagnosis of chronic lead intoxication identifies an index case and so other family 

members, workplace colleagues, geographically associated persons should be screened 

for lead toxicity.    

 

Lead levels < 1.25 micromols/L are usually asymptomatic, however any level > 0.48 

micromols/L mandates strenuous efforts to identify the source and prevent further exposure, 

especially in children. 

 

Specialist toxicologist advice should be sort in all cases. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Clair Cameron Patterson, (mid-Twentieth century, date unknown), brilliant unsung hero of 

Geology and the Environment.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Appendix 1 

 

Chemistry of lead: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Lead (Time-Life, “The Elements”) 

 

Physical Properties: 

 

Elemental symbol Pb, from the Latin word plumbum meaning liquid silver. 

 

Discovery    Known since ancient times. 

 

Atomic number  82    

 

Atomic weight   207.2   

 

Melting point 327.46 °C 

 

Boling point 1749 °C 

 

Classification Metal   

 

Alchemy symbol  Lead is one of the elements which has an alchemical symbol: 

 

 

 

 

 

 

 

 

Physical Appearance Bluish white  
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