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Abstract: Aim: In the absence of published state-

wide notification data, the aim of this study was to

analyse trends in notifiable blood lead levels

(hereafter referred to as lead poisoning) in NSW

from 1998 to 2008, to help inform lead poisoning

notification policy. Methods: NSW blood lead

poisoning notification data for 1998–2008 were

extracted from the Notifiable Diseases Database

and analysed by age, gender and Area Health

Service of residence. Results: There were 6000

lead poisoning notifications from 1998 to 2008,

with an average annual notification rate of 11.8 per

100 000 population for 1998–2003. This rate

declined to an average of 4.0 per 100 000 popula-

tion in the period 2004–2008.Males accounted for

92% of notifications, and males aged 20–59 years

had average notification rates between 20 and

27 per 100 000 population. Children aged 0–4

years had notification rates of 9.3 per 100 000

population in girls and 13.6 per 100 000 population

in boys.Conclusion:Notification rates have fallen

dramatically, however children aged 0–4 years

andmen are disproportionately represented in lead

poisoning notifications.

Lead is a naturally occurring mineral found within the

Earth’s crust in many parts of the world.1 Lead poisoning

occuring after exposure to lead has been of public health

importance worldwide for centuries.2 In 2009 the Austra-

lianNational Health andMedical ResearchCouncilmade a

public statement that there is no safe level of lead exposure,

and recommended that all Australians have blood lead

levels less than 10mg/dL.3

The routes of lead exposure include ingestion, inhalation

and skin contact. Once lead is absorbed into the blood-

stream it spreads throughout the body, where it can affect

the nervous, haematopoietic, endocrine, renal, skeletal and

reproductive systems.1,4 The potential health outcomes

from lead poisoning vary between individuals and are

due to the route of exposure, the dose absorbed, the

duration of exposure and the person’s age.1,3,4 Children

and pregnant women are considered the most sensitive to

lead exposure; children absorb 40–70% of ingested lead

compared to 10–20% in adults,5 while women exposed

before or during pregnancy transfer lead to the foetus

via the placenta, and after pregnancy to the infant in

breastmilk.3

Acute lead poisoning occurs at blood lead levels of

70mg/dL or higher, and is considered a clinical emergency.3

At these levels, signs and symptoms range from stomach

pain and vomiting to encephalopathy and death. The

long-term consequences of exposures in children include

reduction in intellectual development even when blood

lead levels are less than 10mg/dL.6 Treatment for lead

poisoning is limited to the use of chelating agents that bind

to lead in the blood and assist excretion in urine. Chelating

agents can be used in adults with levels above 50mg/dL,7

whereas chelation in children with levels less than 45mg/dL
does not improve long-term behavioural or cognitive

outcomes.8 There is also concern that chelation therapy

will redistribute lead to susceptible organs, including the

brain, where it may be reabsorbed.9

Lead mining and smelter activities that cause lead-rich

emissions to be blown into residential areas and deposited

as dust in and around houses and gardens are the most

common sources of contamination of human environ-

ments.1 In the past lead was used in applications including

face powders, and for preserving wine,2 while more

recently lead and lead alloys have been used in everyday

products such as paint, car batteries and plastic coatings.3

In Australia, lead was added to petrol to improve engine

combustion performance from the 1930s until 2002,

despite public health concerns about lead exposure.10

The use of leaded petrol resulted in widespread contami-

nation of dust and soil in urban and industrial areas,

causing increased blood lead levels in people exposed,

particularly children.11 Improved awareness about the
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effects of lead and the introduction of legislation in

Australia has resulted in the reduction and removal of lead

from car fuels and paints.12,13

In New South Wales (NSW) active screening for lead

poisoning has been conducted for children and for workers

exposed to lead since the early 1990s. In December 2011,

the mandatory notification of blood lead concentrations

15mg/dL or above was changed, under the NSW Public

Health Act 1991*, to the lower level of 10mg/dL or

above.14

The aim of this studywas to describe trends in notifications

of lead poisoning in NSW from 1998 to 2008 to help

inform public health policy.

Methods
In NSW the notification of lead poisoning is mandatory for

hospitals, clinicians and laboratories. Notifications are

based on the results of a confirmatory venous blood sample

to determine the lead concentration, which is measured in

micrograms per decilitre (mg/dL). Between 1998 and

2008, a blood lead concentration of 15mg/dL or more was

classified as lead poisoning and was notifiable to the then

NSW Department of Health.15 Notified cases were then

investigated by local public health units.16 The investigat-

ing public health unit staff entered demographic informa-

tion and blood lead levels of the cases into the Notifiable

Diseases Database (NDD), which was used for the collec-

tion of notifiable disease case information inNSWuntil the

implementation of the Notifiable Conditions Information

Management System in 2010. Data from active surveil-

lance programs conducted in occupational settings and

child blood lead screening programs were included in

routine NDD data. Active surveillance programs included

blood lead screening in children in the north Lake Mac-

quarie area from1993 to 2006, and continuous surveillance

in children in Broken Hill since 1991.

All notifications of lead poisoning in NSW for the period

1998–2008 were extracted from the NDD using the Health

Outcomes Information Statistical Toolkit (HOIST). The

data were analysed using SAS� (version 9.1.3, SAS Insti-

tute, Cary, NC, USA) and Microsoft Excel. Population

estimates were obtained from the Australian Bureau of

Statistics. Due to changes in Area Health Service bound-

aries, area of residence was defined by the NSW Health

pre-2005 (former) Area Health Services (n¼ 17).

As a major source of lead notifications ceased operation

in 2003, analysis by time period was divided into time

period 1 (1998–2003) and time period 2 (2004–2008). Data

were analysed by gender, age group, (former) Area Health

Service, blood lead concentration and occupation. Occu-

pational variables were identified from a predetermined

list in theNDD; some of these served as a proxy for sources

of lead exposure (e.g. lead smelter worker or miner).

Results
There were 6000 lead poisoning notifications in NSW for

the period 1998–2008, with an average annual notification

rate of 8.2 per 100 000 population. The highest annual

notification rate was in 1998 (23.0 per 100 000 population,

n¼ 1400). Notification rates declined each year, with the

exception of 2000 (Figure 1).

Gender and age

Males accounted for 92% (n¼ 5538) of all notifications

with a notification rate of 15.2 per 100 000 population for

the period 1998–2008. The highest notification rate for

males was 43.0 per 100 000 population in 1998; by 2004,

annual notification rates in males had decreased to below

10.0 per 100 000 population (Figure 1). For females, the

notification rate began at below 5.0 per 100 000 population

in 1998 and steadily declined to below 1.0 per 100 000

population in 2008 (Figure 1).

People notified with lead poisoning between 1998 and

2008 ranged in age from 0 to 87 years.Men aged 25–34 had

the highest notification rate of 27.1 per 100 000 population,

while the lowest notification rates were in 10–14-year old

boys and girls. The gender differences become more

noticeable at 15 years of age (Figure 2). Seventy-eight

percent of notifications (n¼ 4701) were observed in men

aged 20–59 years, who had an annual notification rate of

almost 70.0 per 100 000 population in 1998, which

declined to 10.0 per 100 000 population in 2004.

The 0–4-year age group accounted for 9.3% of notifi-

cations (n¼ 559), of which 60% were in boys. The notifi-

cation rate in girls aged 0–4 years was 9.3 per 100 000

population, and for the same age group of boys, 13.6

per 100 000 population (Figure 2). The highest annual
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Figure 1. Annual lead poisoning notification rates per 100 000
population, for males and females, NSW, 1998–2008.
Source: Notifiable Diseases Database (since 2010, the Notifiable
Conditions Information Management System), NSW Ministry of
Health.
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notification rate for boys aged 0–4 years was 30.0 per

100 000 population in 1999.

Blood lead concentrations

Blood lead concentrations were recorded for 96.6%

(n¼ 5795) of notifications. Forty-three percent

(n¼ 2503) of blood lead concentrations were in the

lowest notifiable range (15–19mg/dL), while 54%

(n¼ 3011) were in the 20–49mg/dL range, 2% (n¼ 125)

were in the 50–69 mg/dL range, and 1% (n¼ 56) were

70mg/dL or above. Figure 3 shows a further breakdown

of notification rates by year, stratified by blood lead

concentrations, in men aged 20–59 years, and demon-

strates the downward trend in notification rates of blood

lead concentrations in all years except 2000.

Geographic distribution of notifications

Sixty-two percent (n¼ 3732) of lead poisoning notifica-

tions were in locations outside of Sydney. The highest

notification rates in 1998–2003 were 227.4 per 100 000

population in the former Far West Area Health Service,

and 52.1 per 100 000 population in the former Hunter

Area Health Service (Table 1). Over the period of

analysis, lead poisoning notifications declined by 50%

or greater in most Area Health Services: the former

Macquarie Area Health Service increased by 230%, and

the former Mid West Area Health Service increased by

39% (Table 1). From 1998 to 2008, 68.9% of lead

poisoning notifications in children aged 0–4 years were

in the former Far West Area Health Service which had a

notification rate of 104.5 per 10 000 population. The

former Hunter Area Health Service accounted for 14%

(1.9 per 10 000 population), while 12.3% of notifica-

tions in the 0–4-year age group were from Sydney (0.24

per 10 000 population).

Occupation

Occupational information was recorded for 37% of all

adult notifications. Women had occupation recorded in

10% (n¼ 29) of cases, while 40% of men had occupa-

tion recorded. Occupations with the highest proportions

of notifications were lead smelter employees (37%;

n¼ 735) and miners (23%; n¼ 453). For the period

1998–2002 (with the exception of 1999), smelter work-

ers had the highest frequency of notifications, after

which (with the exception of 2005) miners had the

highest number of notifications (Figure 4). Other occu-

pational categories identified with high notification

rates included contractors (13%) and factory workers

(10%).
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Figure 2. Average annual lead poisoning notification rates per 100 000 population, for males and
females and by age group, NSW, 1998–2008.
Source: Notifiable Diseases Database (since 2010, the Notifiable Conditions Information Management System),
NSW Ministry of Health.
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Figure 3. Annual lead poisoning notification rates per 100 000
population for four blood lead concentrations, in men aged
20–59 years, NSW, 1998–2008.
Source: Notifiable Diseases Database (since 2010, the Notifiable
Conditions Information Management System), NSW Ministry of
Health.
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Discussion
There was a 70% reduction in lead poisoning notifications

in NSW from 1998 to 2008, with fewer than 250 notifica-

tions each year since 2004. Men of working age and

children aged 0–4 years are disproportionately represented

in lead poisoning notifications, with rates amongmenmore

than three times higher than among women. Populations in

the former Far West, Hunter and Macquarie Area Health

Services of NSW had the highest notification rates for lead

poisoning.

The interpretation of this study is limited by data quality,

with more than half of adult cases missing occupational

data. Because the source of lead exposure was not avail-

able, occupation was used as a proxy for the source of

exposure. In future, a review of case files from lead

poisoning investigations and the recent inclusion of a

variable for exposure site in the new notification data

management system will help describe sources, without

the need to use proxies. There is also likely to be a selection

bias due to active surveillance programs, and greater

awareness of public health practitioners in geographical

areas, age groups and occupations at high risk. Screening

has been important for understanding the epidemiology

of lead exposure, because the acute symptoms of lead

poisoning are not present at lower blood lead concentra-

tions.1,3 However, the likely selection bias for children and

men means that women will tend to be under-represented

in notification data. The reporting of more robust
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Figure 4. Annual notifications of lead poisoning in lead
smelter workers and miners, NSW, 1998–2008.
Source: Notifiable Diseases Database (since 2010, the Notifiable
Conditions Information Management System), NSW Ministry of
Health.

Table 1. Average annual lead poisoning notifications and rates per 100 000 population, in NSW, by former Area Health Service
(AHS), categorised by two time periods (TP1: 1998]2003 and TP2: 2004]2008) and the percentage reduction in notifications
between time periods

1998]2003 2004]2008

Area Health Service
of residence

n Rate % Male n Rate % Male Total % change
TP 1]TP 2

Central Coast 70 4.0 87 26 1.7 100 96 -63

Central Sydney 240 8.2 84 70 2.7 90 310 -71

Far West 664 227.4 76 80 35.4 63 744 -89

Greater Murray 42 2.7 95 27 2.0 89 69 -36

Hunter 1713 52.1 96 224 7.7 94 1937 -87

Illawarra 197 9.3 98 58 3.1 97 255 -71

Macquarie 72 11.5 99 240 46.4 96 312 þ230

Mid North Coast 35 2.2 91 9 0.6 78 44 -74

Mid West 33 3.2 94 46 5.3 87 79 þ39

New England 45 4.2 96 13 1.5 100 58 -71

Northern Rivers 57 3.6 86 30 2.1 77 87 -47

Northern Sydney 129 2.8 92 48 1.2 98 177 -63

South Eastern Sydney 153 3.3 90 79 2.0 97 232 -48

South Western Sydney 578 12.3 97 172 4.2 99 750 -70

Southern 27 2.4 93 22 2.1 95 49 -19

Wentworth 126 6.7 94 62 3.9 94 188 -51

Western Sydney 432 10.3 96 144 3.8 94 576 -67

Overseas 1 – 100 1 – 100 2 –

Not stated 12 – 83 23 – 96 35 –

Total 4626 11.8 92 1374 4 93 6000 -70

Analysis was divided into TP1: 1998–2003 and TP2: 2004–2008 because in 2003 a major source of lead notifications ceased operation.

Source: Notifiable Diseases Database (since 2010, the Notifiable Conditions Information Management System), NSW Ministry of Health.
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information about testing, including the reason for testing

(i.e. occupational vs. childhood screening or clinical sus-

picion) would help clarify the extent of this selection bias.

Notification rates of lead poisoning in NSW have been

linked to occupational activities. For more than 100 years,

mining and, formerly, smelting, have occurred in Broken

Hill (former Far West Area Health Service),17 and smelt-

ing has occurred in the north Lake Macquarie area (former

Hunter Area Health Service).18 There are marked differ-

ences in the ages of notified cases in these two locations. In

the former Hunter Area Health Service, 90% of cases were

in adults aged 20–59 years, whilst in the former Far West

Area Health Service, children aged 0–4 years accounted

for 52% (n¼ 385) of notified cases. In comparison, the

former Hunter Area Health Service had 4% (n¼ 78) of

notifications in the 0–4-year age group. An explanation for

this difference is the location of Broken Hill city, which is

in the immediate vicinity of the active mine site with above

ground historical waste disposal, and regional soils that

have natural lead deposits. These sources produce ongoing

exposure from lead-laden dust in and around houses where

children play.19

Occupational exposures are also likely to account for the

differences in notification rates between men and women

which became more evident from the age of 15 years. In

the former Hunter Area Health Service, lead poisoning

notifications reduced following the closure of the Lake

Macquarie smelter in 2003.20 Increased lead mining activ-

ity in the former Macquarie Area Health Service (Cobar)

since 200321 has resulted in miners being the most fre-

quently notified occupation. Other occupations and hob-

bies that have been associated with lead exposures include

battery making and recycling, soldering, stained glass

manufacture and lead-based paint abatement.3,22

Since 1991 the blood lead screening of children in Broken

Hill has underpinned education and risk reduction inter-

ventions provided to individuals and their families.23,24

These interventions resulted in almost 75% of children

aged 1–4 years recording blood lead levels below 10mg/dL
by 2007.25 In the north Lake Macquarie area, the positive

influence of public health action allowed active surveil-

lance to stop after mean blood lead levels in children

decreased to less than 5 mg/dL in 2006,18 3 years after the

closure of the smelter.

From December 2011, the notifiable blood lead level in

NSW has been reduced to 10mg/dL in line with the

current National Health and Medical Research Council

recommendation.3 A review conducted by the Centers for

Disease Control and Prevention in the United States

concluded that there is sufficient evidence for adverse

health effects in children and adults at blood lead concen-

trations below 5 mg/dL.26 Both of these recommendations

have implications for public health policy and practice

in NSW.

Conclusion
Active surveillance practices for lead poisoning in NSW

have enhanced our knowledge of this condition, particu-

larly in the former Hunter and Far West Area Health

Services. Encouragingly, a large reduction in notifications

and the concentrations of blood lead samples was observed

from 1998 to 2008. Despite these reductions, there remains

an over-representation of children and miners in more

recent years of analysis. Importantly, these findings sup-

port ongoing primary prevention, improved surveillance

measures and themandatory notification of lead poisoning,

which remain essential to addressing lead poisoning

in NSW.
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