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Executive Summary
There is a long history of lead mining and associated activities in Mount Isa. This combined with
naturally occurring lead in the environment and its persistence mean that there are elevated levels
of lead in parts of the environment of Mount Isa. The presence of lead in the environment and its
potential to elevate blood lead levels in those living and working there has been acknowledged for
many years. The ongoing collaboration between the mining company, the Mount Isa City Council
and various state government agencies, including Queensland Health has therefore focused on ways
to manage potential lead exposures and provide advice and support for the families of children
found to have elevated blood lead levels.
At the population level, past epidemiological studies have reported adverse health effects in
young children at blood lead levels of 10 μg/dL and above. Exposure to lead in early childhood is
associated with impaired cognitive development. Features of high blood lead levels may include
reduced attention span, reduced spatial skills, poorer performance at school, haematological changes,
and behavioural problems. Though there is no current specific health guideline in Australia for blood
lead levels Queensland Health has adopted the public health goal of achieving blood lead levels
below 10 µg/dL concordant with WHO standards in order to best manage community lead exposure
in Queensland. At blood lead levels less than about 20 µg/dL however, clinical symptoms or signs of
acute toxicity would not be expected.
In 2006, Queensland Health commenced a study in Mount Isa of children between one and four
years old in order to determine blood lead levels in this age group. Children were recruited by
invitation. The 400 recruited for the study were found to be representative of the general population
of one to four year olds in Mount Isa in terms of age, sex and Indigenous status.
Children were encouraged to be tested over a period of 14 months through an extensive media
campaign titled ‘Get Bled for Lead’. The ‘Get Bled for Lead’ campaign served two purposes – it
provided awareness and information on how to participate in the study and also provided general
information to the community on how to minimise their potential lead exposure.
Results of the study indicate that the average blood lead level (geometric mean) for the group of
children sampled was 5.0 μg/dL, with a minimum value of 1.3 μg/dL and maximum value of 31.5
μg/dL. Forty-five children (11.3% of those in the study group) had blood lead levels greater than or
equal to 10 μg/dL. Of these, two children had blood lead levels greater than 20 μg/dL.
Statistical analyses revealed significant associations between blood lead levels greater than or equal
to 10 μg/dL and Indigenous status and age. Indigenous children were approximately four times more
likely (OR 4.3) to have a blood lead level of greater than or equal to 10 μg/dL than non Indigenous
children. For all participants the likelihood of having a blood lead level of ≥10 μg/dL was found to
be reduced by 4% for every one month increase in age. Analysis also demonstrated no statistically
significant associations between blood lead levels and the variables of sex or length of time in
Mount Isa.
Household audits carried out for those children with elevated blood lead levels (equal to or greater
than 10 μg/dL) indicated that factors such as chewing, sucking or eating non food items, residing in
a property with bare soil and pet ownership were common in this group. These factors have been
consistently reported to be associated with elevated blood lead levels in children in studies at other
locations.



On the basis of results of the study, Queensland Health has focused on a range of individual follow
up activities as well as continuing population focused strategies for improving awareness and
encouraging behavioural modification for the greater Mount Isa community. For those households
where children had elevated blood lead levels, individual follow up activities will continue to focus
on:
a uditing of environments and collection of soil/paint/dust samples at other places where the child
spends significant time,
a dvice with modifying the home environment, and identifying child hand-mouth behaviours and
practices that may lead to exposure,
dietary investigation and advice,
a dditional blood testing to determine if exposure prevention strategies are reducing blood levels,
and
referral to a paediatric specialist where blood lead results are above 20 μg/dL.
Queensland Health continues to encourage community uptake of the free blood lead testing service
at Queensland Medical Laboratory Pathology Services and will closely monitor results of any testing.
In addition Queensland Health will continue to work with key partners through the Living with Lead
Alliance to develop long term strategies for lead management in Mount Isa.
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1.0 Background
Mount Isa City is located in North West
Queensland and has an estimated resident
population of 21,082 in 2006, of which 4,099
(19%) identified themselves as Indigenous
(Australian Bureau of Statistics 2006a). The
estimated population for children aged one to
four years in Mount Isa City was 1,485 and
of those 396 (26.7%) identified as Indigenous
(Australian Bureau of Statistics 2006b).
Mount Isa was established because of the vast
mineral deposits in its immediate vicinity.
In 1923, John Campbell Miles discovered a
rich seam of silver-lead ore on the western
edge of the Cloncurry mineral field at Mount
Isa. Copper and zinc are also mined in the
area. Copper, lead and silver are smelted
on site, with products transported 900km to
Townsville.
Xstrata Plc currently operates the Mount
Isa Mines facility, which is located to the
immediate west of the city. The Mount Isa
Mines complex includes crushing plants,
mills, concentrators and two smelters. The
mining sector is the largest employer in the
Mount Isa region, employing around 27%
of the region’s employed population (ABS
2006c).

what is lead?
Lead is a dense, low melting point, bluish-grey metal that occurs naturally in the Earth’s crust.
However, it is rarely found naturally as a metal. It is usually found combined with two or more other
elements to form lead ores which are mined and smelted. Lead is a metallic element and cannot
degrade.
Even though lead occurs naturally in the environment, most of the high levels found throughout
the environment come from human activities. Lead can enter the environment through releases
from mining lead and other metals, and from factories that make or use lead, lead alloys, or lead
compounds. Lead is released into the air during burning coal, oil, or waste. Before the use of leaded
petrol was banned, much of the lead released into the Australian environment came from vehicle
exhaust. Another common source of lead was lead-based paint. Though the amount of lead in
household paint was significantly restricted in the early 1970s, it still exists in the paint of older
homes throughout Australia.
The greatest increase in environmental levels of lead, in most locations, occurred between the
years 1950 and 2000. This was mainly due to increasing worldwide use of leaded petrol. Since
the introduction of unleaded petrol in Australia in 1996, the reduction in lead content of leaded
petrol from 0.84g/L in 1990 to 0.2g/L in 1996, and then the complete ban of leaded petrol in 2001,
there has been a steady decline of levels of motor vehicle-related lead in the air in monitored sites
in Queensland. This decline has been so significant that the Environmental Protection Agency’s
airborne lead monitoring program (relating to motor vehicle lead emissions) ceased at the end of
2002 (EPA, 2003).
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Though lead is no longer a major pollution problem for most parts of Australia, there are still
populated areas of Australia where industrial activities associated with mining and smelting of lead
contribute to environmental levels of lead that need to be carefully managed. These areas include
Mount Isa in Queensland, Port Pirie in South Australia and Broken Hill in New South Wales.

how are people exposed to lead?
The general population may be exposed to lead in ambient air, foods, drinking water, soil, and
dust. Segments of the general population at the highest risk of health effects from lead exposure
are preschool-age children and pregnant women and their fetuses. Other segments of the general
population at high risk include individuals living near sites where lead is or was produced or
disposed of, and people who work with lead.
Exposure to lead occurs mainly through ingestion and inhalation of dust and air contaminated by
lead. Children commonly play in dirt and dust and their hand-to-mouth behaviour means that
ingestion of lead is an important pathway (Simon et al., 2007, Ko et al., 2007).
Extreme cases of this hand-to-mouth behaviour are referred to as pica. Pica is an eating disorder
typically defined as the persistent eating of non-nutritive substances for a period of at least one
month at an age at which this behaviour is developmentally inappropriate (e.g. > 18-24 months).
Pica is most common in young children in their second and third years of life (Ellis and Schnoes,
2006).

role of diet
One of the keys to minimising the effects of lead in children is to minimise the amount of lead
that actually gets absorbed into their system. A child’s body needs certain minerals such as
calcium and iron, and when these minerals are deficient in the body, lead absorption is increased.
Good nutrition, which includes an adequate intake of calcium and iron, lowers the proportion of
swallowed lead that passes to the bloodstream. Various studies have shown that gastrointestinal
absorption is greater when the stomach is empty. Pulmonary absorption is generally greater than
gastrointestinal absorption.

blood lead levels in australia
Blood lead levels are commonly used as a marker of exposure to lead in humans and are generally
reported in micrograms (µg) per decilitre (dL) of blood. The blood lead level of a newborn
baby typically reflects that of the mother and as infants become more active and increase their
environmental exposure, their blood lead levels increase. Studies of lead exposed children typically
show that blood lead levels increase in late infancy and peak between 18 to 36 months of age (Binns
et al, 2007). This relates to increased activity and increased potential for environmental exposure.
The last national survey of blood lead levels in Australia was conducted in 1995 by the Australian
Institute of Health and Welfare (Donovan J, AIHW, 1996), where 1575 children aged 12-60 months
from all states and territories were sampled. Results indicated that of the children sampled for the
study, 92.7% had blood lead levels < 10 µg/dL, 7.3% had blood lead levels ≥ 10 µg/dL, 1.7% had
blood lead levels ≥ 15 µg/dL and 0.25% had blood lead levels ≥ 25 µg/dL. The mean (arithmetic)
blood lead level was 5.72 µg/dL and the mean (geometric) blood lead level was 5.05 µg/dL. The
maximum blood lead level reported was 32.7 µg/dL. For Queensland, where 270 children were
sampled, the arithmetic mean was 5.59 µg/dL and 95.2% of the sample had blood lead levels < 10
µg/dL.



health effects of lead exposure
Children under the age of five are at greatest risk of health effects of lead exposure. This is because:
• the brain in young children is still maturing and appears to be more vulnerable to lead
• e xploratory hand-to-mouth activity of children places them at higher risk of ingesting lead from a
contaminated environment
• c hildren absorb a much higher proportion of ingested lead than adults (40 - 50% compared to 3
- 10% for adults).
Population-based epidemiological studies have found exposure to lead in early childhood to be
associated with impaired cognitive development (ATSDR, 2007). At blood lead levels less than 20
µg/dL, clinical symptoms or signs of acute toxicity would be unexpected. Symptoms of higher blood
lead levels may include reduced attention span, reduced spatial skills, poorer performance at school
and behavioural problems. Lead can pass from mother to the unborn baby and therefore maternal
exposure to lead in pregnancy can affect the unborn baby.
Symptoms in adults depend on the level of exposure. High levels can cause joint and muscle
pain, muscle cramps, anaemia, nausea, constipation, colicky abdominal pain, sleep problems,
reduced concentration and headaches. At very high levels (greater than 80 μg/dL) lead may cause
encephalopathy (i.e. a disease of the brain) and convulsions. Lengthy high level exposure to lead can
also be associated with chronic renal damage.

is there a ‘safe’ level?
Population-based epidemiological studies have consistently reported adverse effects in children at
blood lead levels of 10 μg/dL and above. Intelligence quotient (IQ) is used in many of the studies as
an indicator of developmental effects in children. Blood lead concentration is associated with lower
IQ scores as IQ becomes testable reliably, which is at approximately five years of age. The strength
of association is similar from study to study; as blood lead concentrations increase by 10 μg/dL, the
IQ at five years of age and later decreases by two to three points (American Academy of Pediatrics,
2005). This is observed as a lifetime average blood lead concentration and not the result of an acute
exposure.
A growing number of publications suggest that blood-lead levels below 10 μg/dL may lead to subtle
developmental effects (for example, measured as IQ decrements) in children. A recent review of
published literature has examined health effects relating to physical and mental development in
children below 10 μg/dL (Binns et al, 2007). It concludes that there is an inverse association between
blood lead levels and IQ at levels below 10 μg/dL, but the influence of other social factors that may
also influence IQ made it difficult to adequately describe the strength and shape of this relationship.
This information suggests that prevention activities should be initiated to reduce the levels of lead in
the blood to as low as possible.
There is no specific health guideline in Australia for blood lead levels. In 1993, the National
Health and Medical Research Council (NHMRC) stated that the specific goal was ‘to achieve for
all Australians a blood lead level of below 10 micrograms per decilitre (0.48 micromoles per litre)’
(NHMRC, 1993). This document also recommended a graduated response to blood lead levels for
both individuals (children of all ages over 15 μg/dL) and communities where >95% of one to four
year old children were below 25 μg/dL, but >5% were above 15 μg/dL. This guideline was rescinded
in 2005 and is currently being reviewed. The stated public health goal is consistent with other
current international guidelines from organisations such as the United States Centers for Disease
Control and the World Health Organization, and is the goal that Queensland Health has adopted to
manage community lead exposure in Queensland.
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how blood lead levels are routinely monitored and
responded to in queensland
Under the Public Health Regulation (2005), elevated blood-lead levels are a notifiable condition
– this means that if a pathology laboratory identifies elevated blood lead levels then Queensland
Health must be notified. There is a clear delineation between occupational exposures versus those
from a non-occupational setting.
When a notification is received, Queensland Health staff and the attending medical practitioner
investigate and attempt to identify the source of exposure. If the notification relates to children,
the investigation should involve an inspection of the local environment of their home, and in some
cases environmental sampling may be carried out. Parents or guardian are advised of the nature
of the condition, potential or identified sources of exposure and how to reduce exposure. Followup testing of the blood lead level is recommended to ascertain the effectiveness of implemented
exposure control measures (Queensland Health, 2006).
The level of response should be proportionate to the blood lead level. When children’s blood lead
levels reach 20 μg/dL they should be referred to a medical practitioner, such as a paediatrician, for
additional medical investigation and support. For high blood lead levels in children (for example,
over 45 μg/dL) chelation therapy is a treatment method which may be considered depending on
the clinical circumstances. Below this level, the most effective approach is to work with affected
families to identify and control environmental lead exposure and to provide dietary advice to help
reduce blood lead levels and keep them low.
Reducing home environment risk factors through taking personal protective measures is generally
very effective in reducing blood lead levels. However a reduction may not happen quickly. Once an
elevated blood lead level has been detected in a child, the time required for the level to decline to <
10 μg/dL can range from months to years (Binns et al, 2007).
Queensland Health has also published statewide blood lead notification data in annual reports since
2002, which are available at www.health.qld.gov.au

lead in mount isa
The City of Mount Isa is located in a region that contains numerous mines. The Mount Isa mine is
one of the largest copper and lead-zinc mines and smelter operations in the world. Outside the actual
Mount Isa mining area there is a low grade periphery of the lead-silver-zinc orebody that extends
into some community areas.
There have also been a number of historic events whereby lead-containing material was transported
into the community, and where contamination of the Leichhardt River bed occurred.
The lead smelter and associated mineral processing activities also release lead to the atmosphere.
The mine’s Air Quality Control System minimises the exposure of residents to this air-borne lead by
progressively shutting down the smelters when adverse meteorological conditions are predicted. In
addition to the naturally occurring lead in soil, lead in dust generated by the smelter and associated
mineral processing activities has the potential to deposit in the community.
The Mount Isa community has had a long history in working together with industry to reduce
the potential for community lead exposure. In 1992, Mount Isa Mines (MIM) Limited organised a
voluntary blood lead sampling program focused on young children. This was an ‘opportunistic’
program, designed to measure blood lead levels in children when children needed blood tests for
other purposes. The results of this study for the period 1992–1994 indicated that 101 children in the
one to four year age range were tested. The mean blood lead level of these results was 10.9 μg/dL
(SD 6.1 μg/dL), range 2 -29 μg/dL. Of the initial samples 15.6% of the children had blood lead levels
exceeding 15 μg/dL and 36.7% had levels exceeding 10 μg/dL. As these results are not based on
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a random sample of young children in Mount Isa, it can be argued that they do not reflect typical
blood lead levels of young children in Mount Isa (Mount Isa Community Blood Lead Data, 1994).
Prompted by the results of this program, the Community Environmental Health Committee was
formed in 1994. Its membership included Mount Isa City Council, MIM Ltd, representatives from
community, health and medical organisations from the community, and other representatives from
relevant state government departments, including Queensland Health. Its charter was to manage
activities aimed at reducing the impact of lead contamination and to provide comprehensive and
effective lead education for the community. This committee existed until the late 1990s when its
activities and blood lead results were compiled into a final report by Mount Isa City Council.
Following this work, ongoing lead education and awareness activities have been coordinated by
the Mount Isa City Council. These activities include Lead Awareness Week, lead education at
community events and schools, and the provision of information to the community. Educational
material included brochures on Lead and Your Family’s Health, Lead and Pregnancy, Lead and
Nutrition, Lead and Home Cleaning, Lead and Your Backyard, and Lead and Home Renovations.
In order to respond strategically and effectively to community concerns and the results obtained in
this 2008 report, a new group of key partners was formed early in 2008. This new group is called
the ‘Living with Lead Alliance’. The group is governed by an Executive Committee and supported
by a Working Group. Representatives on these groups include the Mount Isa Mayor, the Member for
Mount Isa, Queensland Health and Environmental Protection Agency staff (including local officers),
Xstrata Copper staff, a senior medical practitioner from the Mount Isa community and a local
Indigenous leader. The role of the alliance is to provide a forum for guiding and driving action
on the issue of lead in the community of Mount Isa. It is intended that information on Terms of
Reference, membership, minutes of meetings and other relevant information will be placed on the
internet once a website is established.

1.0 Background
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2.0 Study rationale
Through its notification system, Queensland Health can monitor the number of notified cases of
elevated blood lead levels relating to occupational and non-occupational exposures. The most
recently published report (QH, 2006) shows the continued decline in lead notifications in children
(0-4years) in Queensland since 1995 (refer to Figure 2.1) and the plateauing of the median blood
lead level reported in 2005 and 2006.
Figure 2.1: Notifiable Blood Lead Levels in Queensland Notifications for Children (0 to 4 years)

Source: Queensland Health (2007)

Since 1995 there has been a noticeable decline in the number of notifications of elevated blood
lead levels received for the Mount Isa community from 20 cases per year to less than two cases
per year since 2001. Of these notifications none had been for children aged 16 years or younger.
For Queensland as a whole, Queensland Health does not receive data about the total number of
people tested for lead in their blood. It is therefore difficult to determine whether the reduction in
notifications is due to a decrease of blood lead levels in the community or whether there has been
a decrease in testing for blood lead. Between 1998 and 2005, 501 blood samples had been analysed
for children under 16 in Mount Isa and none of these exceeded the level of 15 μg/dL required
for notification. According to the 2006 annual notification report, two Mount Isa children had a
notifiable blood lead level in that year (Queensland Health, 2007).
Though the notification system can provide some insight into lead exposure in the general
community, it relies on individuals requesting blood lead analysis by a health professional or on
request of a health professional following a consultation. Therefore, unless an individual or their
doctor suspects that lead may be contributing to illness and wellbeing, blood lead levels are not
routinely monitored.
Following interest and concern expressed by the community in early 2006, the Environmental
Health Service of Population Health in Queensland Health convened a meeting of key partners to
scope a project proposal that would provide robust and epidemiologically sound data to identify
whether there was a community lead problem in Mount Isa.
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3.0 Study aims
The primary aim of the study was to determine the blood lead levels of a representative number of
children from the Mount Isa community with a view to identifying children who had elevated blood
lead levels, and then working with the families of these children to reduce their blood lead level.
The study objectives were for Queensland Health to:
•m
 easure the blood lead levels in children from a representative sample of children in the Mount
Isa community
• identify risk factors for lead exposure in children with blood lead levels over the health goal level
of 10 μg/dL
• assist affected families in reducing their lead exposures through advice and information
• e xpand on the existing evidence-base to assist further action to manage lead exposure in the
Mount Isa community.

3.0 Study aims
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4.0 Study methods
4.1 blood lead sampling
A sample size of 400 (approximately 25% of the Mount Isa population of children aged one to
four) was determined to have sufficient power to provide reliable information on blood lead levels
that were representative of the targeted population. Children were eligible to participate if they
were between one and four years of age and resided in Mount Isa. Children aged one to four
years were chosen as the target group due to their potentially higher exposures from their handto-mouth activity and the weight of evidence that identifies important health effects from lead for
this age group and their general vulnerability. Carrying out a study that targeted children provided
Queensland Health with an opportunity to identify and work with the families of young children at
risk of important developmental health effects from lead exposure – by intervening at such a critical
stage of development, long-term population health benefits can be realised.
Children were not randomly selected but were invited to participate and therefore were ‘selfselected’. However, recruiters ensured that the age, sex and indigenous distribution of the sample
population was equivalent to the age, sex and indigenous distribution of the Mount Isa population
aged one to four based on the 2006 Census (Australian Bureau of Statistics 2006b). There was no
statistically significant difference between the sample population and the Mount Isa population for
the distributions for age, sex and Indigenous status.
Table 1: Demographic characteristics of the sample population and the Mount Isa population aged one to four years.

Sample population
Indigenous status

Mount Isa Population

(n=400)

Percentage
of
population

(n=1485)

Percentage
of
population

Indigenous

83

20.1

396

26.7

Non Indigenous

315

78.8

1089

73.3

Male

214

53.5

769

51.8

Female

184

46.0

716

48.2

12-23 months (1 year)

84

21.0

387

26.1

24-35 months (2 years)

114

28.5

374

25.2

36-47 months (3 years)

106

26.5

390

26.3

48-59 months (4 years)

95

23.8

334

22.5

Number

Number

Sex

Age

* Please note that numbers and percentages in the sample population do not add up to 400 or 100% due to missing data items

Blood sampling from venepuncture is considered to be the most reliable method for blood lead
testing and this was the method used for blood collection for analysis. As blood testing this way is
invasive, children less than one year of age were not included.
Children were recruited into the study by invitation through an extensive print media campaign
(‘Get Bled for Lead’), with specific targeting of childcare centres and other community education
activities at shopping centres and fun days (refer to Appendix 1 for examples of material used).
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The ‘Get Bled for Lead’ campaign served two purposes – it provided awareness and information on
how to participate in the study and also provided information to the community on how to reduce
their lead exposure. As part of the study, regular updates were provided to the community on the
study progress. For example, regular newspaper articles included information on the number of
children tested, the number with elevated levels, reminders about where testing could be done and
some tips on how to reduce lead exposure. Specialist education on lead toxicity in children was also
provided to Mount Isa medical practitioners.
Blood sampling occurred at either Queensland Medical Laboratory pathology services or Queensland
Health Pathology services. To supplement these pathways, trained staff also provided after-hours
opportunities for sampling at several day/childcare centres and at numerous community fun days
and events. Another recruitment method used was opportunistic testing when blood was collected
for other purposes.
Informed written consent was obtained from all parents or guardians prior to blood testing. At the
time of blood testing information on age, sex, Indigenous status and length of time lived in Mount
Isa was recorded.
The blood lead analysis was done by either Queensland Health Scientific Services or Queensland
Medical Laboratories (QML), depending on where the test was taken. The lowest level of detection
for blood lead levels for the QML analysis method was 0.10 μmol/L (which when converted equates
to 2.1 μg/dL). This means that the analytical method could not measure with accuracy below 2.1
μg/dL. For the purposes of statistical analysis, all data reported as <2.1 μg/dL was treated as 2 μg/dL.
Queensland Health Scientific Services used a slightly different analytical method and was able to
measure with accuracy as low as 0.05 μmol/L (which when converted equates to approximately 1
μg/dL). However, no blood lead levels in this study were found to be as low as this reporting limit.
To determine appropriate follow up for blood lead level results, Queensland Health used the blood
lead management criteria as recommended by the American Academy of Paediatrics (2005). Parents/
guardians were advised of the results by a public health nurse approximately a week after testing.
The nurse described what the results meant and provided any further information if requested. At
this time, the nurse also advised the parent/guardian of children with blood lead levels over 10 μg/
dL that they would be contacted by Environmental Health staff to discuss how lead exposures could
be minimized and to request a survey of their home environment. Results were also forwarded to a
nominated family General Practitioner, if requested.
Blood testing commenced on 18 September 2006 and continued until 8 December 2007, at which
time a total of 400 children had been tested for their blood lead level. This represented a total of
334 geographical locations, as testing was carried out for more than one child in 66 households.

4.2 household audit
A household audit was undertaken for those children identified as having blood lead levels at or
over 10 μg/dL. Health authorities such as the US CDC (2007) and WHO (2007) consider this a level
at which prevention activities should be initiated. The primary purpose of the household audit was
to assist Queensland Health to identify household factors that may be influencing the blood lead
levels for those in the elevated group for this study. As audits were not conducted for all households
in the study, the data is not useful for drawing general conclusions about common risk factors for
blood lead levels in Mount Isa.
Households were generally visited within two weeks following notification of blood lead results.
Household surveys were undertaken by one or two Queensland Health environmental health officers
when a parent/guardian was home, following verbal consent being obtained from the child’s parent
or guardian. While at the child’s home, the officer discussed the child’s blood lead level with
the parent/guardian, conducted the survey using observation and asking questions of the parent/
guardian, and took soil samples or paint samples on the basis of responses to the survey questions.
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The survey tool consisted of four parts including:
general details of the household
child behaviour (e.g. time at address, thumb sucking etc)
occupant information (e.g. occupations of residents, hobbies)
home environment (e.g. exterior, interior, pets and food growing).
The survey questions were based on risk factors for lead exposure reported in the literature. A copy
of the audit tool is included as Appendix Two.
Surveys were undertaken by a number of different environmental health officers. To ensure as much
consistency as possible, an audit guideline was developed and procedure for undertaking audits was
discussed with all environmental health officers prior to commencing the audit program.
A total of 43 audits were completed on the basis of the initial blood lead data. Additional audits
were conducted if children spent significant times in other environments. Where siblings with
elevated leads were in the same residence, only one audit was conducted. Eighty-three soil samples
were also collected from external areas (including sand pits, vegetable gardens and other bare soil
areas) of 42 households and one childcare centre. Paint samples were taken from four households,
and 31 dust samples were taken from 19 households. All samples were collected using standard
methods and analysed by Queensland Health Scientific Services. The results assisted Environmental
Health Services in identifying potential exposures and targeting personal strategies to minimise risk.

4.3 data analysis
Data analysis was undertaken using Stata version 9 (StataCorp LP, College Station, Texas, USA).
Maps were produced using MapInfo Professional version 8 (Pitney Bowes, New York, USA).
Blood lead levels were calculated as a categorical variable for logistic regression analyses for the
elevated blood lead group (BLL ≥10). The variables sex, indigenous status, age in months and time
resident (both as continuous variables) in Mount Isa were included in the models. Both age in
months and time resident in Mount Isa were normally distributed. Fractional polynomial tests were
performed to ensure they could be used untransformed in the logistic regression analysis.
A relationship was considered to be statistically significant if p<0.05, i.e. the probability incorrectly
rejecting the null hypothesis (stating that there is a relationship when in fact there is none) is less
than 5%. All proportions and means were calculated ignoring missing values.
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