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Background	 Since the last In-Depth Review of lead toxicity in 2004 there have been further developments with 
regard to safe exposure levels for lead workers.

Aims	 To advise occupational health professionals of the latest research on the multi-system toxic effects of 
lead and the implications of this research for setting new safe and appropriate occupational suspen-
sion limits.

Methods	 An extensive review of the current literature and an investigation of the database used by lead users 
to produce their submission under the REACH Regulations.

Results	 Much of the published research on lead toxicity is on the effects of lead on the general population 
where blood lead levels are considerably lower than those seen in lead-exposed workers. It is always 
difficult to compare such studies with those undertaken on exposed workers as they may not be 
directly comparable and may not have taken into account all confounding variables and the well-
acknowledged ‘healthy worker’ concept. However, it is clear that there is substantial evidence that 
potential health effects on lead workers may be seen at levels which were previously accepted as 
‘safe’.

Conclusions	 There is undoubtedly a narrow margin of safety between current occupational blood lead suspension 
limits and subclinical effect. As a result, the lead users have produced a voluntary Code of Practice 
with suspension limits significantly below those seen in some national legislation, particularly the 
Control of Lead at Work Act 2002.
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Introduction

Inorganic lead is undoubtedly one of the oldest occu-
pational toxins and evidence of cases of lead poisoning 
can be found dating back before the Christian era. As 
industrial lead production started at least 5000  years 
ago, it is likely that outbreaks of lead poisoning occurred 
from this time. Hippocrates (370 BC) described a severe 
attack of colic in a metal extractor and in the second 
century BC Nicander described the relationship of 
constipation, colic, pallor and paralysis to the action 
of lead on the body. Pliny (AD 23–79) stated that lead 
poisoning was known in his day and that lead workers 
tied up their faces in loose bags ‘lest they should inhale 
the pernicious dust’. Dioscorides (AD 100)  knew that 
ingestion of lead compounds caused colic, paralysis and 
delirium and later Ramazzini observed that for potters 
working with lead ‘at first tremors appear in the hands, 
soon they are paralysed’. Vernatti (1678) probably made 

the earliest record of lead poisoning among white-lead 
workers in England. The general population could also 
be exposed to significant amounts of lead due to poorly 
glazed ceramic ware, the use of lead solder in the can-
ning industry (this is postulated as a possible cause of 
death among members of the fated Franklin expedition 
to the Northwest Passage), high levels of lead in drinking 
water, the use of lead compounds in paint and cosmet-
ics and by deposition on crops and dust from industrial 
and motor vehicle sources. Despite this, effective formal 
control of lead workers did not occur until the pioneer-
ing occupational health work of Ronald Lane in 1949 
[1]. It is worth quoting from Lane’s paper as little has 
changed in the 65 years since its publication. ‘There is 
only one way to prevent lead poisoning and one way only, 
and that is to make the process safe.’ In addition, he very 
wisely states ‘The importance of education of the worker 
himself must be stressed. He must understand fully the 
dangers of his work. No attempt must be made to hide 
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it or to minimise it, but he must at the same time be 
shown his own responsibilities in any safety programme. 
This needs patience and hard work on the part of the 
doctor. Complete success will be impossible without the 
co-operation of the workman.’

In view of the long history of lead’s toxicity and the 
extensive publications, one might assume that lead expo-
sure is well controlled and lead poisoning should be of 
historical interest only. Unfortunately, this is not the 
case and there are still industries in this country (par-
ticularly, the demolition industry and industries involved 
in renovating structures that had previously contained 
lead, known as the remediation industry), where clinical 
lead poisoning occasionally occurs [2]. It is important to 
remember that significant exposure may occur in occu-
pations that are not considered to be ‘at risk’ [3]. The 
aim of this paper is to review the latest evidence for the 
toxicity of lead and discuss present and future legislation 
for the protection of the lead worker in industry.

Inorganic lead

Reproductive toxicology

At very high blood lead levels, lead is a powerful aborti-
facient. At lower levels, it has been associated with mis-
carriages and low birth weight of infants [4]. In females, 
occupational exposure resulting in blood lead levels 
>10  µg/100 ml is associated with an increased risk of 
spontaneous abortion, premature delivery and low birth 
weight. In one study, the risk of spontaneous abortion 
doubled at maternal blood lead levels of 5–9 µg/100 ml 
[5]. Recent studies have shown that blood lead levels 
in men >40 µg/100 ml may be linked to low libido, low 
semen volume and sperm counts, increased abnormal 
sperm morphology and decreased sperm motility lead-
ing to impairment of reproductive function [6–13]. 
However, many studies have not taken into account 
potentially powerful confounders such as other occu-
pational exposure (heat, solvents, etc.) or social factors 
such as smoking, alcohol consumption or the use of any 
medications. A study of lead workers in the UK, Belgium 
and Italy examined semen samples according to an 
agreed protocol. The results showed a 49% reduction in 
the median sperm concentration in men with blood lead 
levels >50  µg/100 ml with a likely threshold for effects 
of 44  µg/100 ml. In addition, there was some evidence 
of deterioration in sperm chromatin in men with the 
highest concentration of lead in spermatozoa. Biological 
monitoring data failed to show any long-term effects of 
lead on sperm quality or sperm chromatin [14]. Current 
thinking is that significant effects on reproductive 
capacity are unlikely below a blood lead concentration 
of around 50  µg/100 ml but blood lead concentrations 
>40 µg/100 ml may affect sperm morphology and func-
tion. It is clear that further studies are needed in male 

and female lead workers to give a clearer indication of 
the safe level of lead exposure.

Neurotoxicity

Acute encephalopathy can occur in children at blood 
lead concentrations of 80–100 µg/100 ml and in adults 
at blood lead concentrations of 100–120  µg/100 ml. 
The symptoms include irritability, agitation, headaches, 
confusion, ataxia, drowsiness, convulsions and coma 
[6,15,16]. Peripheral motor neuropathy is seen as a result 
of chronic high-level lead exposure and whilst there is 
some conflicting evidence, there is convincing evidence 
of a reduction in peripheral nerve conduction velocity 
at lower blood lead levels with a suggested threshold as 
low as 30 µg/100 ml although other studies have not seen 
effects below 70 µg/100 ml [17–20]. The clinical signifi-
cance of any reduced nerve conduction velocity is uncer-
tain. Neurobehavioural effects including disturbances in 
reaction time, visual motor performance, hand dexterity, 
IQ and cognitive performance, anxiety and mood have 
been observed in lead workers with blood lead concen-
trations >40 µg/100 ml [21–25]. Many of these studies 
have been well performed using well-matched controls 
but other variables such as alcohol consumption or the 
incidence of hypertension and cerebrovascular disease 
have not been adequately controlled. One interesting 
study by Baker et al. [26] showed a subjective improve-
ment in tension, anger, depression, fatigue and confusion 
following a reduction in blood lead levels but no signifi-
cant improvement was seen in the subtle neurophysio
logical test results. A  meta-analysis by Goodman et  al. 
[27] claimed to evaluate publication bias and concluded 
that none of the studies were adequate or conclusive in 
providing information on subclinical neurobehavioural 
effects of lead. It is notable that, as with many of the 
alleged effects of low-level lead exposure, an extensive 
search of the literature has failed to identify any signifi-
cant recent studies. The generally accepted view is that 
clinically significant effects on workers are unlikely below 
blood lead levels of 40 µg/100 ml [28].

There is no doubt that children, and indeed foetuses, 
are more at risk from the toxic effects of lead. This is the 
main reason why the suspension limit for female workers 
of reproductive capacity is significantly lower than that 
for males. It has been argued that there is no safe level for 
exposure to lead in children and studies have suggested 
that for every 10 µg/100 ml increase in blood lead, there 
is a loss of 4–7 IQ points [29]. Some authorities con-
clude that it is not possible to identify a threshold for the 
association between lead exposure and decrements in IQ 
[30]. There is also some evidence that attention deficit 
hyperactivity disorder and hearing impairment in chil-
dren increases with increasing blood lead levels and that 
lead exposure may affect balance and impair peripheral 
nerve function [31].
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Carcinogenicity

The International Agency for Research on Cancer (IARC) 
has classified inorganic lead compounds as Group  2A 
carcinogens (likely to cause human cancer) [30,32]. The 
National Toxicity Programme in the USA states that lead 
is reasonably anticipated to be a human carcinogen based 
on limited human studies but sufficient animal laboratory 
data and the US Environmental Protection Agency states 
that lead is a probable human carcinogen [33]. Studies 
of lead-exposed workers have produced varying results 
with some having a small excess of lung cancers although 
there may well be strong confounders such as smoking 
and arsenic exposure. A recent study in Canada failed to 
show any association between lung cancer and exposure 
to inorganic or organic lead compounds [34,35]. Some 
analyses have also found an excess of stomach cancers 
where smoking and arsenic exposure are not thought to 
be confounders but there may well be other factors such 
as helicobacter pylori which have not been taken into con-
sideration [33–36]. There is evidence to suggest an excess 
of renal cancers but the excesses have been very small and 
very close to expected levels and studies on cancers of 
the brain and central nervous system have failed to show 
any consistent results. Animal studies have shown good 
evidence of renal tumours, particularly with exposure to 
lead acetate. IARC has classified organic lead compounds 
as Group 3 (insufficient data) [37]. There must, however, 
be a degree of caution as organic lead compounds are 
metabolized in the body into a number of metabolites 
including inorganic lead prior to excretion in the urine.

Hypertension

In an occupational setting, the effect of lead exposure on 
blood pressure remains controversial and there have been 
no significant new studies to elucidate the issue. The studies 
are on considerably smaller populations than those used to 
consider the effects of low-level lead exposure on the gen-
eral population. The main problem remains control of con-
founding issues such as alcohol intake, haemoglobin, obesity 
and smoking. Some studies have shown better correlation 
with bone lead levels. The studies show the difficulties of 
interpretation that are encountered in the statistical analy-
sis of the small effect sizes suggested for lead when present 
in the midst of powerful confounding variables that have a 
much larger impact on blood pressure [38]. An investiga-
tion of 220 lead battery workers showed a stronger associa-
tion between blood lead and hypertension in the 30% of the 
study population who possessed a particular version of the 
ATP1A2 gene [39]. The consensus remains that there is no 
clear evidence of an adverse impact of lead on workers with 
blood lead levels below 40 µg/100 ml. Population data are 
equally confusing. Pocock found no evidence of an associa-
tion between blood lead concentrations and either systolic 
or diastolic pressure in a study of 7735 middle-aged men 

from 24 British towns [40]. A recent paper showed a cor-
relation between blood lead and systolic blood pressure in 
black men and women but not Caucasian [41]. Also a study 
showed evidence of an elevation in blood pressure during 
pregnancy [42]. However, data from the National Health 
and Nutrition Examination Survey (NHANES III) may 
show population effects although authors disagree on the 
cut-off levels, the size of the effect and whether the impact 
is on all races [43].

Renal function

Exposure to high lead levels can produce renal tubular 
damage with glycosuria and aminoaciduria [44]. A num-
ber of studies, in particular a study in South African bat-
tery workers, have shown a linear correlation between 
blood lead and renal dysfunction at blood lead levels in the 
range <40 to >70 µg/100 ml but other studies including a 
large study in smelter workers failed to show any correla-
tion between blood lead levels and sensitive indicators of 
tubular and glomerular damage [45–47]. The lowest level at 
which lead has an adverse effect on kidney function is hence 
unknown. Prominent inclusion bodies have been seen in 
the cells of the proximal tubules at blood lead levels in the 
range 40–60 µg/100 ml [48]. Lead accumulates in the mito-
chondria and causes structural and functional alterations 
thus impairing energy-dependent processes such as tubular 
transport. It may also have a direct effect on arterial smooth 
muscle. However, blood lead levels are a poor indicator of 
body lead burden and bone lead content may offer a better 
correlation although there are few studies to investigate this.

In children, the latent effects of lead exposure that 
occurred years earlier in childhood may cause chronic 
renal disease or a decrement in renal function. Population 
studies have shown the possibility of renal damage at lower 
blood lead levels. In the Normative Aging Study, a cross-
sectional analysis showed that a 10  µg/100 ml increase 
in blood lead levels was associated with a 9% reduction 
in creatinine clearance and a longitudinal study showed 
that a 10-fold increase in blood lead levels predicted a 
0.08 mg/100 ml increase in serum creatinine levels [49,50].

Immunology

Lead appears to reduce the resistance to infection and 
increase the mortality of experimental animals and a 
recent study showed a significant decrease in IgG levels 
in rats injected with lead acetate [51]. Lead apparently 
impairs antibody production and decreases immunoglob-
ulin plaque-forming cells [52]. There is some evidence to 
suggest that workers with blood lead levels between 20 
and 85  µg/100 ml may have an increased susceptibility 
to colds but a study of lead workers with blood lead lev-
els <50 µg/100 ml showed no significant immunological 
changes [53,54]. An increased percentage and absolute 
count of B lymphocytes has been seen in workers with 
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blood lead levels >50 µg/100 ml [55]. A recent Chinese 
article appears to show that workers with blood lead 
levels >60  µg/100 ml have suppressed cellular immune 
function and abnormal T-cell subsets [56].

Endocrine effe	cts

Children with chronically very high blood lead levels 
(>62 µg/100 ml) may show impeded conversion of vita-
min D into its hormonal form, 1,25-dihydroxyvitamin 
D. This may impair cell growth, maturation and tooth 
and bone development. An early study, however, showed 
1,25-dihydroxyvitamin D levels were reduced to levels 
seen in children with severe renal insufficiency at blood 
lead levels of 33–55  µg/100 ml [57,58]. Exposure of 
smelter workers to lead and cadmium together increased 
the concentration of 1α-dihydroxycholecalciferol [59]. 
This study also suggests that cadmium and lead inter-
act with the renal mitochondrial hydroxylases of the 
vitamin D3 endocrine complex and may lead to the 
development of osteoporosis or osteomalacia. There are 
no data to show any effect of lead on other hormonal 
functions.

Developmental effects

Pre-natal exposure to relatively low blood lead lev-
els (maternal blood lead levels of 14  µg/100 ml) may 
increase the risk of reduced birth weight and prema-
ture birth and may be associated with an increased risk 
of minor developmental abnormalities [60]. However, 
no association has been found between pre-natal lead 
exposure and major congenital abnormalities. A retro-
spective study showed a higher proportion of learning 
disabilities among school children with biological par-
ents who were lead-poisoned as children 50 years previ-
ously [61].

Haematological effects

Lead is known to affect haem synthesis by poisoning 
enzymes at several stages in the haem synthesis pathway 
and this knowledge has led to methods used for biologi-
cal effect monitoring. Raised urinary aminolaevulinic 
acid (ALA) levels and raised zinc protoporphyrin must 
be differentiated from acute porphyrias or sideroblastic 
anaemia [62]. Acute high-level lead exposure has been 
associated with haemolytic anaemia but the anaemia of 
chronic lead intoxication is hypochromic and normo-
cytic or microcytic with a reticulocytosis. It has been esti-
mated that the threshold blood lead level for a decrease 
in haemoglobin in occupationally exposed workers is 
50 µg/100 ml but may be ≤40 for children. ALA may be 
inhibited at lower blood lead levels leading to a rise in 
urinary ALA but the meaning and possible sequelae of 
these biochemical and enzyme changes at these lower 
blood lead levels is uncertain.

Toxicokinetics

Studies have shown that genetic polymorphism has an 
impact on an individual’s blood lead level. In a study of 
almost 800 lead workers and 135 controls, it was shown 
that subjects with the vitamin D BB or Bb allele had sig-
nificantly higher blood lead levels than those with the 
bb allele [63]. In addition, individuals homozygous or 
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heterozygous for ALAD2 had higher blood lead levels than 
those with ALAD1 but showed no difference in tibial lead 
or chelatable lead concentrations compared with subjects 
lacking this allele. The authors believe that this study con-
firmed that ALAD and vitamin D receptor genes modify 
lead toxicokinetics [64]. A recent population study look-
ing at data from NHANESIII suggests that the ALAD 
CG/CC genotype may be associated with decreased mor-
tality from all causes and from cancer and this association 
does not seem to be affected by lead exposure [65].

Organic lead

The use of most of these chemicals is declining, particularly 
with the virtual demise in the worldwide use of lead alkyls 
in petrol. They were used extensively as octane enhanc-
ers and in the 1970’s peak, worldwide production was of 
the order of 500 000 tonnes but now it is estimated that 
worldwide production of tetraethyl lead is ~4500 tonnes. 
Exposure is rarely seen during the production, trans-
portation and blending of this substance into petrol and 
amongst workers involved in cleaning storage tanks which 
have contained leaded petrol although it is in this group 
that the highest potential morbidity and indeed mortality 
used to exist. Nonetheless, this will be an on-going con-
cern for some years as tanks which have at some time in 
their lives been used to store leaded petrol will need to be 
cleaned or repaired and constant vigilance will be required. 
The toxicological profile of tetraethyl lead is different to 
that of inorganic lead and its compounds as it is essentially 
a central nervous system toxin which produces an acute 
toxic psychosis [66,67]. The early symptoms are subtle and 
non-specific and may be easily missed but in those with 
continuing exposure or where there has been a single mas-
sive exposure florid symptoms of a toxic psychosis or even 
coma and death may occur. IARC has classified tetraethyl 
lead as a category 3 carcinogen—i.e. insufficient evidence 
to enable classification but there is a single published paper 
suggesting an excess of rectal cancers among production 
workers [68]. Tetraethyl lead is metabolized in the liver to 
soluble alkyl lead chlorides and excreted in the urine. It is 
pathognomonic of organic lead poisoning that the blood 
lead level may only be moderately elevated whilst the uri-
nary lead level may be extremely elevated with figures of 
several hundred micrograms of lead per gram of creatinine. 
Therefore, in suspicious cases, the urinary lead level must 
always be measured or the diagnosis may be missed. Unlike 
inorganic lead and its compounds, where chelating agents 
may be used in the case of poisoning, there is no specific 
antidote for organic lead poisoning—treatment consists of 
supportive treatment and adequate sedation.

Legislation

In the UK, lead workers are covered by the Control of 
Lead at Work Regulations (2002) (CLAW Regulations) 

[69]. These regulations outline the responsibilities of work-
ers, employers and occupational physicians. Occupational 
physicians monitoring lead workers are either employ-
ees of the Health and Safety Executive (HSE) or doctors 
appointed under the regulations to act on their behalf. 
Duties include knowledge of the workplace, annual exami-
nation of lead workers and monitoring of their blood lead 
results and annual reporting of blood lead levels to the 
HSE. They must also be involved in the investigation of 
any worker whose blood lead level exceeds the suspen-
sion limit or who exhibits any signs or symptoms of lead 
toxicity. The appointed doctor must also notify the HSE 
if any worker is suspended from exposure to inorganic or 
organic lead and advise the employer to notify the HSE 
under the Reporting of Injuries, Diseases and Dangerous 
Occurrences Regulations (RIDDOR) if it is believed that 
the worker is exhibiting signs or symptoms of lead poi-
soning [70]. The suspension level for male lead work-
ers under the CLAW Regulations remains unchanged 
at 60  µg/100 ml and for female workers of reproductive 
capacity 30 µg/100 ml although it is possible that symptoms 
of lead poisoning could potentially occur at lower blood 
lead levels. The European Union Scientific Committee on 
Occupational Exposure Limits (SCOEL) recommended a 
suspension limit of 30 µg/100 ml for men but this has to be 
accompanied by an analysis of the socio-economic impact 
on industry before implementation of any new limit [71]. 
The author understands that SCOEL has been tasked by 
the European Commission to undertake a further review 
of the health effects of lead in the near future and to review 
their 2003 opinion that the health-based blood lead level 

Table 1.  Current international suspension limits

Country PbB µg/dl

Males Females

Germany 40 10
Finland 50 50
Denmark 20 20
Sweden 50 30
Italy 60 40
France 40 30
Belgium 70 70
Spain 70 70
Portugal 70 70
Netherlands 70 70
UK 60 30
Ireland 70 70
Switzerland 70 30
Hungary 50 30
Slovenia 40 30
Poland 50 50
Australia 30 10
Japan 40 40
China 40
India 40
South Africa 40
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should be set at 30 µg/100 ml. It is, of course, possible that 
SCOEL could review recent evidence and suggest an even 
lower limit. However, many European Union and other 
countries have legislated for lower suspension limits for 
male and female workers. In the absence of any action, 
the European Battery Association, the International Lead 
Association and the European Lead Sheet Association 
have all agreed a voluntary target that no employee’s blood 
lead level should exceed 30 µg/100 ml by the end of 2016 
for men and 10  µg/100 ml for women of reproductive 
capacity. This followed a formal risk assessment of the tox-
icity of lead as required under the Registration, Evaluation, 
Authorisation and Restriction of Chemicals (REACH) 
Regulations (2006) [72]. One of the major publications 
influencing the outcome of the REACH assessment was 
the paper by Kosnett et  al. [73] which was essentially a 
meta-analysis of published literature on the health effects 

of lead. These suspension limits have been taken up volun-
tarily by other lead users and indeed by some employers 
involved in other forms of lead exposure. There is now an 
interesting dichotomy that lead users have adopted indus-
try agreed suspension limits derived under the REACH 
regulations while other workers exposed to lead but not 
technically lead users (e.g. demolition and remediation 
workers) remain controlled by the higher suspension limits 
seen in the CLAW Regulations. It is interesting that legisla-
tion is increasingly reflecting the long-held opinion within 
the lead industry that lead in air levels are not of particular 
significance and that the main factors determining an indi-
vidual’s blood lead level are personal hygiene and correct 
use of personal protective equipment. It is well known that 
cigarette smokers and nail biters have significantly higher 
blood lead levels than their fellow workers. As employers 
have an obligation under the CLAW Regulations to pay 

Table 2.  Blood lead levels and possible health impacts in adults

Blood lead level (µg) Males Females

<5 Nil Nil
5–10 Possible hypertension and kidney dysfunction Possible hypertension and kidney dysfunction

Possible spontaneous abortion
11–20 Possible hypertension and kidney dysfunction Possible hypertension and kidney dysfunction

Possible subclinical neurocognitive deficits Possible subclinical neurocognitive deficits
  Reduced birth weight
  Possible postnatal developmental delay

21–29 Hypertension and kidney dysfunction Hypertension and kidney dysfunction
Possible subclinical neurocognitive deficits Possible subclinical neurocognitive deficits

  Possible spontaneous abortion
  Reduced birth weight
  Possible postnatal developmental delay

30–39 Hypertension and kidney dysfunction Hypertension and kidney dysfunction
Possible neurocognitive deficits Possible neurocognitive deficits

  Spontaneous abortion
  Reduced birth weight
  Possible postnatal developmental delay

40–79 Hypertension and kidney dysfunction Hypertension and kidney dysfunction
Subclinical peripheral neuropathy Subclinical peripheral neuropathy
Neurocognitive deficits Neurocognitive deficits
Anaemia Anaemia
Sperm abnormalities Colic
Colic Possible gout
Possible gout Spontaneous abortion

  Reduced birth weight
  Possible postnatal developmental delay

80+ Hypertension Hypertension
Nephropathy Nephropathy
Peripheral neuropathy Peripheral neuropathy
Neurocognitive deficits Neurocognitive deficits
Anaemia Anaemia
Sperm abnormalities Colic
Colic Gout
Gout Encephalopathy
Encephalopathy Spontaneous abortion

  Reduced birth weight
  Possible postnatal developmental delay
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workers while they are suspended owing to high blood lead 
levels, the frequency with which workers will be monitored 
to ensure that their blood lead levels are not approaching 
the suspension limit will inevitably have to increase and 
approved analytical laboratories will have to respond with 
increasing accuracy and precision of results. It will be a 
particular challenge for the industry to ensure that females 
of reproductive capacity remain below the suspension limit 
of 10 µg/100 ml (Tables 1 and 2).

Conclusions

Although lead has been used for thousands of years and 
the toxic effects are well known, there remains considerable 
debate about the health effects of low-level lead exposure. 
There is no doubt that further quality research is needed but 
this is becoming increasingly difficult as the population of 
lead-exposed workers shrinks. There is undoubtedly a nar-
row margin of safety between current occupational blood 
lead suspension limits and subclinical effects. Pressure will 
therefore remain on industry to reduce occupational expo-
sure. Experience from many industries employing ‘best 
practice’ has shown that it is possible to control the blood 
lead levels of the workforce within acceptable limits but 
constant vigilance is necessary to maintain this control [74]. 
There has been no major Cochrane review of lead toxic-
ity and interestingly the last major overview of lead toxicity 
was carried out in 1989 by the International Programme 
on Chemical Safety (IPCS) [75]. All available data were 
also considered by the HSE working party producing the 
CLAW Regulations but, as mentioned above, UK legis-
lation lags behind many other countries and it has been 
argued that the regulations are overdue a major review.

Key points

•• Inorganic lead exposure produces damage to many 
organs and systems in the body.

•• The effects of lead toxicity occur at levels below 
those currently allowed in UK legislation.

•• The control of lead exposure has been understood 
for over 60 years but is not always implemented. 
As a result, cases of lead poisoning, both inorganic 
and organic, still occur.

•• The primary aim is to avoid lead exposure as treat-
ment of lead poisoning is not without risk.

•• Availability of new evidence and the risk assess-
ment carried out in the UK clearly indicate that 
the UK Control of Lead at Work Regulations 
needs urgent review.

Conflicts of interest

None declared.

References

	 1.	 Lane RE. The care of the lead worker. Br J Ind Med 
1949;6:125–143.

	 2.	 Levin SM, Goldberg M, Doucette JT. The effect of the 
OSHA lead exposure in construction standard on blood 
lead levels among iron workers employed in bridge reha-
bilitation. Am J Ind Med 1997;31:303–309.

	 3.	 Sen D, Wolfson H, Dilworth M. Lead exposure in scaffold-
ers during refurbishment construction activity—an obser-
vational study. Occup Med (Lond) 2002;52:49–54.

	 4.	 Nordström S, Beckman L, Nordenson I. Occupational and 
environmental risks in and around a smelter in northern 
Sweden. V. Spontaneous abortion among female employ-
ees and decreased birth weight in their offspring. Hereditas 
1979;90:291–296.

	 5.	 Borja-Aburto VH, Hertz-Picciotto I, Rojas Lopez M, Farias 
P, Rios C, Blanco J. Blood lead levels measured prospec-
tively and risk of spontaneous abortion. Am J Epidemiol 
1999;150:590–597.

	 6.	 International Programme on Chemical Safety (IPCS). 
Inorganic Lead. Environmental Health Criteria 165. Lyon, 
France: World Health Organization, 1995.

	 7.	 Agency for Toxic Substances and Disease Registry 
(ASTDR). Toxicological Profile for Lead. Atlanta, GA: US 
Department of Health and Human Services, 2007.

	 8.	 Lerda D. Study of sperm characteristics in per-
sons occupationally exposed to lead. Am J Ind Med 
1992;22:567–571.

	 9.	 Braunstein GD, Dahlgren J, Loriaux DL. Hypogonadism 
in chronically lead-poisoned men. Infertility 1978;1:33–51.

	10.	 Chowdhury AR, Chinoy NJ, Gautam AK et  al. Effect 
of lead on human semen. Adv Contracept Deliv Syst 
1986;2:208–210.

	11.	 Assennato G, Paci C, Baser ME et al. Sperm count sup-
pression without endocrine dysfunction in lead-exposed 
men. Arch Environ Health 1987;42:124–127.

	12.	 Telisman S, Cvitković P, Jurasović J, Pizent A, Gavella M, 
Rocić B. Semen quality and reproductive endocrine func-
tion in relation to biomarkers of lead, cadmium, zinc, and 
copper in men. Environ Health Perspect 2000;108:45–53.

	13.	 Apostoli P, Kiss P, Porru S, Bonde JP, Vanhoorne M. 
Male reproductive toxicity of lead in animals and 
humans. ASCLEPIOS Study Group. Occup Environ Med 
1998;55:364–374.

	14.	Bonde JP, Joffe M, Apostoli P et  al. Sperm count and 
chromatin structure in men exposed to inorganic 
lead: lowest adverse effect levels. Occup Environ Med 
2002;59:234–242.

	15.	 International Programme on Chemical Safety (IPCS). 
Evaluation – Monograph on Lead, Inorganic. Geneva: World 
Health Organization, 2007.

	16.	 National Poisons Information Service (NPIS) US. Lead. 
TOXBASE, Health Protection Agency, 2010.

	17.	 Davis JM, Svendsgaard DJ. Nerve conduction velocity 
and lead; a critical review and meta-analysis. In: Johnson 
BL, Anger WK, Durao A, Xinteras C, eds. Advances in 
Neurobehavioural Toxicology: Applications in Environmental 
and Occupational Health. Chelsea, MI: Michigan Lewis 
Publishers, 1990; 353–376.

D
ow

nloaded from
 https://academ

ic.oup.com
/occm

ed/article/65/5/348/1425465 by guest on 09 April 2024



D. A. Gidlow: Health Issues for Lead Workers  355

	18.	 Triebig G, Weltle D, Valentin H. Investigations on neu-
rotoxicity of chemical substances at the workplace. 
V. Determination of the motor and sensory nerve conduc-
tion velocity in persons occupationally exposed to lead. Int 
Arch Occup Environ Health 1984;53:189–203.

	19.	 Seppalainen AM, Hernberg S, Kock B. Relationship 
between blood lead levels and nerve conduction velocities. 
Neurotoxicology 1979;1:313–332.

	20.	 Beritić T. Lead neuropathy. Crit Rev Toxicol 1984;12: 
149–213.

	21.	 Hogstedt C, Hane M, Agrell A, Bodin L. Neuropsychological 
test results and symptoms among workers with well-defined 
long-term exposure to lead. Br J Ind Med 1983;40:99–105.

	22.	 Mantere P, Hänninen H, Hernberg S, Luukkonen R. A 
prospective follow-up study on psychological effects in 
workers exposed to low levels of lead. Scand J Work Environ 
Health 1984;10:43–50.

	23.	 Campara P, D’Andrea F, Micciolo R, Savonitto C, Tansella 
M, Zimmermann-Tansella C. Psychological performance 
of workers with blood-lead concentration below the cur-
rent threshold limit value. Int Arch Occup Environ Health 
1984;53:233–246.

	24.	 Hänninen H, Aitio A, Kovala T et al. Occupational expo-
sure to lead and neuropsychological dysfunction. Occup 
Environ Med 1998;55:202–209.

	25.	Stollery BT, Banks HA, Broadbent DE, Lee WR. 
Cognitive functioning in lead workers. Br J Ind Med 
1989;46:698–707.

	26.	 Baker EL, White RF, Pothier LJ et al. Occupational lead 
neurotoxicity: improvement in behavioural effects after 
reduction of exposure. Br J Ind Med 1985;42:507–516.

	27.	Goodman M, LaVerda N, Clarke C, Foster ED, 
Iannuzzi J, Mandel J. Neurobehavioural testing in work-
ers occupationally exposed to lead: systematic review 
and meta-analysis of publications. Occup Environ Med 
2002;59:217–223.

	28.	 Schwartz BS, Stewart W, Hu H. Neurobehavioural testing 
in workers occupationally exposed to lead. Occup Environ 
Med 2002;59:648–649.

	29.	 Winneke G, Brockhaus A, Ewers U, Krämer U, Neuf M. 
Results from the European multicenter study on lead neu-
rotoxicity in children: implications for risk assessment. 
Neurotoxicol Teratol 1990;12:553–559.

	30.	 Committee on Toxicity of Chemicals in Food Consumer 
Products and the Environment (COT). COT Statement on 
the 2006 UK Total Diet Study of Metals and Other Elements.  
London: Food Standards Agency, 2008.

	31.	 Agency for Toxic Substances and Disease Registry. 
Toxicological Profile for Lead. Atlanta, GA, August 2007; 
112–136.

	32.	 International Agency for the Research on Cancer (IARC). 
Inorganic and Organic Lead Compounds. IARC Monographs 
on the Evaluation of Carcinogenic Risks to Humans. Vol. 87. 
Lyon, France, 2006.

	33.	 National Toxicity Program. Department of Health and 
Human Carcinogens. 12th edn. US Department of Health 
and Human Services, 2011.

	34.	 Lundström NG, Nordberg G, Englyst V et al. Cumulative 
lead exposure in relation to mortality and lung cancer mor-
bidity in a cohort of primary smelter workers. Scand J Work 
Environ Health 1997;23:24–30.

	35.	 Wynant W, Siemiatycki J, Parent MÉ, Rousseau MC. 
Occupational exposure to lead and lung cancer: results 
from two case-control studies in Montreal, Canada. Occup 
Environ Med 2013;70:164–170.

	36.	 Wong O, Harris F. Cancer mortality study of employees at 
lead battery plants and lead smelters, 1947–1995. Am J Ind 
Med 2000;38:255–270.

	37.	 Muhle H, Steenland K. Lead and Lead Compounds. IARC 
Monographs 87. 2006.

	38.	 Cheng Y, Schwartz J, Sparrow D, Aro A, Weiss ST, Hu 
H. Bone lead and blood lead levels in relation to base-
line blood pressure and the prospective development of 
hypertension: the Normative Aging Study. Am J Epidemiol 
2001;153:164–171.

	39.	 Glenn BS, Stewart WF, Schwartz BS, Bressler J. Relation of 
alleles of the sodium-potassium adenosine triphosphatase 
alpha 2 gene with blood pressure and lead exposure. Am J 
Epidemiol 2001;153:537–545.

	40.	 Pocock SJ, Shaper AG, Ashby D, Delves T, Whitehead TP. 
Blood lead concentration, blood pressure, and renal func-
tion. Br Med J (Clin Res Ed) 1984;289:872–874.

	41.	Vupputuri S, He J, Muntner P, Bazzano LA, Whelton 
PK, Batuman V. Blood lead level is associated with 
elevated blood pressure in blacks. Hypertension 
2003;41:463–468.

	42.	 Wells EM, Navas-Acien A, Herbstman JB et al. Low-level 
lead exposure and elevations in blood pressure during 
pregnancy. Environ Health Perspect 2011;119:664–669.

	43.	 Den Hond E, Nawrot T, Staessen JA. The relationship 
between blood pressure and blood lead in NHANES III. 
National Health and Nutritional Examination Survey. J 
Hum Hypertens 2002;16:563–568.

	44.	 Loghman-Adham M. Renal effects of environmental 
and occupational lead exposure. Environ Health Perspect 
1997;105:928–938.

	45.	 Ehrlich R, Robins T, Jordaan E et al. Lead absorption and 
renal dysfunction in a South African battery factory. Occup 
Environ Med 1998;55:453–460.

	46.	 Gerhardsson L, Chettle DR, Englyst V et al. Kidney effects 
in long term exposed lead smelter workers. Br J Ind Med 
1992;49:186–192.

	47.	 Ong CN, Endo G, Chia KS, Evaluation of renal func-
tion in workers with low blood lead levels. In: Foa V, ed. 
Occupational and Environmental Chemical Hazards: Cellular 
and Biochemical Indices for Monitoring Toxicity. Chichester, 
UK: Ellis Horwood Ltd, 1987; 327–333.

	48.	 Gennart JP, Bernard A, Lauwerys R. Assessment of thy-
roid, testes, kidney and autonomic nervous system func-
tion in lead-exposed workers. Int Arch Occup Environ 
Health 1992;64:49–57.

	49.	 Tsaih SW, Korrick S, Schwartz J et  al. Lead, diabetes, 
hypertension, and renal function: the normative aging 
study. Environ Health Perspect 2004;112:1178–1182.

	50.	 Staessen JA, Lauwerys RR, Buchet JP et al. Impairment of 
renal function with increasing blood lead concentrations 
in the general population. The Cadmibel Study Group. N 
Engl J Med 1992;327:151–156.

	51.	 Koller LD. Immunological effects of lead. In: Mehaffey 
KR, ed. Dietary and Environmental Lead: Human Effects. 
Amsterdam, the Netherlands: Elsevier Science Publishers, 
1985; 339–354.

D
ow

nloaded from
 https://academ

ic.oup.com
/occm

ed/article/65/5/348/1425465 by guest on 09 April 2024



356  OCCUPATIONAL MEDICINE

	52.	 Taha N, Korshom M, Mandour A-W, Lebdah M, Aladham 
E. Effect of lead toxicity on mineral metabolism and immu-
nological factors in rats. Alexandria J Vet Sci 2013;39:64–73.

	53.	 Ewers U, Stiller-Winkler R, Idel H. Serum immunoglobu-
lin, complement C3, and salivary IgA levels in lead work-
ers. Environ Res 1982;29:351–357.

	54.	 Kimber I, Stonard MD, Gidlow DA, Niewola Z. Influence 
of chronic low-level exposure to lead on plasma immuno-
globulin concentration and cellular immune function in 
man. Int Arch Occup Environ Health 1986;57:117–125.

	55.	Coscia GC, Discalzi G, Ponzetti C. Immunological 
aspects of occupational lead exposure. Med Lav 1987; 
78:360–364.

	56.	Wang L, Wang JY, Bai H, Li XF, Wan F. Impact of 
excessive blood-lead levels on T cell subsets in lead 
exposed workers. Zhongguo Shi Yan Xue Ye Xue Za Zhi 
2011;19:1509–1511.

	57.	 Koo WW, Succop PA, Bornschein RL et al. Serum vitamin 
D metabolites and bone mineralization in young children 
with chronic low to moderate lead exposure. Pediatrics 
1991;87:680–687.

	58.	 Rosen JF, Chesney RW, Hamstra A, DeLuca HF, 
Mahaffey KR. Reduction in 1,25-dihydroxyvitamin D in 
children with increased lead absorption. N Engl J Med 
1980;302:1128–1131.

	59.	 Chalkley SR, Richmond J, Barltrop D. Measurement of 
vitamin D3 metabolites in smelter workers exposed to lead 
and cadmium. Occup Environ Med 1998;55:446–452.

	60.	 Health Protection Agency. Lead Toxicological Overview. 
Version 3. London, UK: H.P.A., 2012.

	61.	 Hu H. Knowledge of diagnosis and reproductive history 
among survivors of childhood plumbism. Am J Public 
Health 1991;81:1070–1072.

	62.	 Froom P, Kristal-Boneh E, Benbassat J, Ashkanazi R, 
Ribak J. Predictive value of determinations of zinc proto-
porphyrin for increased blood lead concentrations. Clin 
Chem 1998;44:1283–1288.

	63.	Jain NB, Laden F, Guller U, Shankar A, Kazani S, 
Garshick E. Relation between blood lead levels and 

childhood anemia in India. Am J Epidemiol 2005;161: 
968–973.

	64.	 Schwartz BS, Lee BK, Lee GS et al. Associations of blood 
lead, dimercaptosuccinic acid-chelatable lead, and tibia 
lead with polymorphisms in the vitamin D receptor and 
[delta]-aminolevulinic acid dehydratase genes. Environ 
Health Perspect 2000;108:949–954.

	65.	 van Bemmel DM, Li Y, McLean J et al. Blood lead levels, 
ALAD gene polymorphisms, and mortality. Epidemiology 
2011;22:273–278.

	66.	Cremer JE. The toxicity of tetraethyl lead and 
related alkyl metallic compounds. Ann Occup Hyg 
1961;3:226–230.

	67.	 Cremer JE, Callaway S. Further studies on the toxicity 
of some tetra and trialkyl lead compounds. Br J Ind Med 
1961;18:277–282.

	68.	 Fayerweather WE, Karns ME, Nuwayhid IA, Nelson TJ. 
Case-control study of cancer risk in tetraethyl lead manu-
facturing. Am J Ind Med 1997;31:28–35.

	69.	 Health and Safety Executive. Control of Lead at Work 
Regulations. HSE, 2002.

	70.	Health and Safety Executive. RIDDOR Regulations.  
London, UK, 1995. 

	71.	 Recommendations From the Scientific Committee on 
Occupational Exposure Limits for Lead and Its Inorganic 
Compounds. SCOEL/SUM/83. European Commission,  
January 2002.

	72.	 Health and Safety Executive. Research, Evaluation, 
Authorisation and Restriction of Chemicals Regulations. 
London, UK: HSE, 2008.

	73.	 Kosnett MJ, Wedeen RP, Rothenberg SJ et  al. 
Recommendations for medical management of adult lead 
exposure. Environ Health Perspect 2007;115:463–471.

	74.	 Askin DP, Volkmann M. Effect of personal hygiene on 
blood lead levels of workers at a lead processing facility. 
Am Ind Hyg Assoc J 1997;58:752–753.

	75.	 International Programme on Chemical Safety. 
Environmental Health Criteria 85. Lead. Geneva, 
Switzerland: World Health Organization, 1989.

D
ow

nloaded from
 https://academ

ic.oup.com
/occm

ed/article/65/5/348/1425465 by guest on 09 April 2024


