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ARTICLE INFO ABSTRACT

Handling Editor: Olga-loanna Kalantzi We launched the VegeSafe program in 2013 to assist Australians concerned about exposure to contaminants in

their soils and gardens. VegeSafe analyses garden soils provided by citizens for trace metals at our laboratory at

Keywords: little to no cost, with easy-to-follow guidance on any intervention required. The response was over-
Trace metals whelming—Australians submitted 17,256 soils from 3,609 homes, and in turn VegeSafe researchers now have
Exposure unparalleled household-scale data, providing new insights into urban trace metal contamination. The results are
Human health . . . . - is . .

Soil sobering, with 35% of homes, particularly those that are older, painted and located in inner cities having soils

above the Australian residential guideline (300 mg/kg) for the neurotoxic trace metal lead (Pb). Exposure
pathway, blood Pb concentration and vegetable uptake modelling showed the communities in these locations
were most at risk. VegeSafe is transformative: 94% of participants better understood contaminants, 83% felt safer
in their home environment and 40% undertook remedial action based on their results. The two-way nature of this
program enables education of citizens about environmental contaminants, advances public health, and delivers

impactful science.

1. Introduction

Urban gardening has experienced a renaissance, driven by commu-
nity desire for home-grown produce. Urban croplands represent 5.9%
(67.4 Mha) of global cropland (Thebo et al. 2014), with 35% of USA
residents (National Gardening Association 2014) and 52% of Australians
(Wise 2014) producing some food in their gardens. There are multiple
advantages of urban food production (Ives et al. 2018; Winkler et al.
2019), including increased confidence about the source and quality of
produce (Chase 2015) and enhanced urban health and sustainability.
Urban gardens may have legacy trace metal contamination from build-
ing, industry, transport and waste practices (Rouillon et al. 2017a; US
EPA 2011a). Urban gardeners typically have little awareness of these
problems and little agency in determining whether or not their indi-
vidual gardening plot is contaminated with trace metals. In 1980, Pat-
terson predicted that urban city landscapes would be rendered
uninhabitable due to the “millions of tons of poisonous industrial lead
residues” (National Research Council 1980). This study examines the
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legacy risks in Australian garden soils associated, in part, with leaded
petrol emissions (Kristensen 2015) and the decay of lead-based paint on
older buildings.

The problem of legacy trace metal contamination is concerning, as
urban vegetable gardens can contain anthropogenic contamination from
toxic trace metals and metalloids (hereafter trace metals), including lead
(Pb) (Cheng et al. 2015; Filippelli et al. 2018; Laidlaw et al. 2018;
Rouillon et al. 2017a; Spliethoff et al. 2016). Urban environments are
also known to be impacted by a suite of non-metal contaminants, all of
which present toxic risks, including per- and polyfluoroalkyl chemicals,
petroleum hydrocarbons, pesticides, weedicides and asbestos fibres. The
spatial heterogeneity of urban soil contamination across cities and in-
dividual garden lots is not well understood by the community. This
knowledge barrier, coupled with insufficient geochemical testing means
there is limited information about specific exposure risks at residential
locations or what to do about them (Bechet et al. 2018).

The primary barriers for residents acquiring soil trace metal data are
awareness, cost and access. Moreover, commercial laboratories do not
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ordinarily provide data interpretation or advice as to appropriate
remediation or intervention. Development and access to low-cost
portable X-ray fluorescence (pXRF) spectrometry instruments have
provided researchers with an affordable opportunity to help home-
owners understand trace metal contamination in their gardens and
successfully engage citizens in the science of their environment (Fili-
ppelli et al. 2018; Rouillon et al. 2017a).

This confluence of public need and our scientific curiosity led to the
creation of the Australia-wide program VegeSafe in 2013 (Macquarie
University 2019), based at Macquarie University, Sydney, which is
ongoing in 2021. The VegeSafe program supports emerging public in-
terest in the nexus between environmental trace metal contamination
and food safety while providing public awareness, as well as manage-
ment solutions to homeowners, where required. Participants mail up to
five samples from their yards to Macquarie University for analysis and
receive a report containing their results (Supplementary Fig. S1),
Australian soil guidelines (NEPM 1999, updated 2013) and information
on management options. Data are displayed on the publicly available
web platform MapMyEnvironment (2020) (Supplementary Text S2).
VegeSafe has the added benefit of facilitating authentic community
engagement and building a genuine social licence (Lubchenco 1998);
providing tools to reduce risk and increase confidence in the safety of
gardens and the quality of home grown produce. The program has
yielded unique and unrivalled datasets for scientists and citizens,
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providing insights into the extent and pattern of residential anthropo-
genic trace metal contamination. As well as collecting data, citizen sci-
entists have also supported this work financially, contributing
approximately AU$100,000 over seven years in donations to the pro-
gram. Their questions to us have been (i) is our soil trace metal
contaminated, and (ii) are our vegetables and fruit produce safe to eat?
VegeSafe has enabled and supported thousands of Australians to carry on
gardening in a more sustainable way, with reduced contaminant expo-
sure risks and safer food produce. While the program is overseen by
senior researchers, junior scientists (pre- and post-graduate students)
manage sample analyses, reporting, and community engagement,
providing invaluable real-world experience in communicating science
effectively to a broad audience.

This study addresses the following research questions: (1) What is the
distribution of soil trace metal concentrations in gardens across
Australian cities? (2) What factors control spatial trends of trace metal
contamination across cities and within gardens? (3) Do trace metal
concentrations exceed relevant guidelines, and if so, where? (4) How
effective is a citizen-science program such as VegeSafe at facilitating
authentic community engagement, decision making and remedial action
to inform and mitigate exposure risk to toxic trace metal contaminants?
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Fig. 1. Location of sampled residences across the states and territories of Australia (A) and the Significant Urban Areas (SUAs) of state capital cities: Brisbane (B),
Sydney (C), Melbourne (D), Hobart (E), Adelaide (F) and Perth (G) (Australian Bureau of Statistics 2018a). The selected SUAs represent approximately 65% of
Australia’s population and account for >75% of sampled residences. ACT — Australian Capital Territory; NSW — New South Wales; NT — Northern Territory; QLD —

Queensland; SA - South Australia; VIC - Victoria; WA — Western Australia.
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2. Methods

As of May 2020, VegeSafe had received 17,256 soil samples from
3,609 homes (Fig. 1). Soil trace metal concentrations (arsenic (As),
cadmium (Cd), chromium (Cr), copper (Cu), manganese (Mn), nickel
(Ni), Pb and zinc (Zn)) and associated metadata were interrogated using
spatial and temporal variables to establish the factors influencing con-
centration, potential vegetable uptake and human health risk. Recruit-
ment for the program was via our website, social media pages, word of
mouth, Macquarie University and community events and media. Par-
ticipants were invited to collect five soil samples from four areas around
their homes including front yard, back yard, gutter drip line (adjacent to
homes) and vegetable garden areas to capture variation across the
outdoor area and indicate possible sources. Exposure risks, particularly
to young children, are present not only from soils intended for vegetable
gardening, but from any areas where they play, hence samples from
across the entire yard must be considered.

Participants were provided with sampling instructions that reques-
ted each soil sample be the size of a cricket ball (~300 g of soil), sampled
at 0-2 cm depth, placed into sealable polyethylene bags and mailed to
the University (Supplementary Fig. S3). The depth interval was stipu-
lated to ensure that sampling was consistent and required minimal effort
for gardeners. Further, it aligned with the relevant Australian Standards
(Standards Australia 2000) and contains the components of soil most
likely to be accessed by children or mobilised as dust. Surface soil rep-
resents the most common part of the soil profile impacted by anthro-
pogenic trace metal contamination from atmospheric depositions (e.g.
industry, transport, leaded gasoline emissions) and inputs from paint
and building materials, which may also be a source of contamination in
adjoining soil (Birch et al. 2011; Gulson et al. 1995; Rouillon et al.
2017a). All samples received were processed when accompanied by a
consent form containing relevant metadata including sample locations,
home age, building materials and painted/unpainted status (Supple-
mentary Fig. S4). VegeSafe trace metal data were compared to Australian
soil guidelines (NEPM 2013) for residential properties with exposed soil
(Australian HIL A). The Australian guidelines do not designate a ‘safe’
maximum concentration threshold, but instead are the point at which
further investigation is warranted to establish risks to human health
according to particular land use types.

Table 1
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2.1. Trace metal analysis using portable X-ray fluorescence (pXRF)
spectrometry

Two Olympus Delta Premium pXRF analysers, both with 40 kV, 4 W
rhodium anode tubes, were used to generate screening level data for As,
Cd, Cr, Cu, Mn, Ni, Pb and Zn concentrations in soils. These metals were
reported because they are commonly known to be present in urban soils
at potentially toxic concentrations, especially Pb, for which there is no
accepted safe level of exposure and whose effects are cumulative and
systemic on the human body (Abadin et al. 2020; National Toxicology
Program 2012). A detector calibration check, a milled quartz (SiO3)
blank to assess instrument cleanliness and two Standard Reference
Materials (SRM; NIST 2710a and NIST 2711a) were measured routinely.
Soils and SRMs were measured for 60 s (20 s for each of three tube power
measurement conditions) using the instrument’s bundled soil calibra-
tion. Analytical precision and accuracy were typically better than 20%
where concentrations exceeded 100 mg/kg (Supplementary Table S5).
Analytes reporting below the instrument limit of quantification (LoQ)
were recorded at 0.5 x LoQ, and this value was used for all calculations
(Table 1).

Soil samples were analysed through polyethylene bags to reduce
sample preparation time, and operator exposure to unknown concen-
trations of urban contaminants. Large sticks, rocks and leaves were first
removed to maintain consistency across samples. Polyethylene bags
were typically 20-30 um thickness, which is acceptable for the metals
measured here, with the exception of Cd which may suffer from 12 to
17% attenuation of the X-ray intensity (Supplementary Text S6a-c). This
approach differs from that used by many laboratories that dry, sieve and
subsample soil prior to analysis. However, our objective was to screen
and analyse a large number of soils quickly, safely and at low cost to
provide a reliable estimate of trace metals in garden soils (Rouillon et al.
2017b). These data allow residents to make informed decisions about
whether or not to complete more standard but costly laboratory analyses
of their soils.

In order to understand data quality, raw VegeSafe analyses were
compared to matched samples that had been dried, sieved to <500 um,
cupped and analysed using pXRF (i.e the sieved data published in
Rouillon et al. (2017a)). Correlations between the two values for trace
metals As, Cr, Cu, Ni, Mn, Pb and Zn were statistically significant, with p
< 0.0001 in all cases (Supplementary Fig. S7). Assessment of the Cd

Summary data for n = 17,256 samples analysed from the VegeSafe program database. As — arsenic; Cd — cadmium; Cr — chromium, Cu — copper; Mn — manganese; Ni —
nickel; Pb — lead; Zn - zinc. Guideline values are based on the Australian Health Investigation Level — A (HIL A), which are designed for ‘Residential with garden/
accessible soil (home grown produce <10% fruit and vegetable intake (no poultry)), also includes childcare centres, preschools and primary schools.”(NEPM 2013).

n = 17,256 samples (3,609 homes) As (mg/ Cd (mg/ Cr (mg/kg) Cu (mg/ Mn (mg/ Ni (mg/ Pb (mg/kg) Zn (mg/
kg) kg) kg) kg) kg) kg)
LoQ" 1 4 2 2 3 4 1 1
n > LoQ 9,829 537 15,883 16,538 17,190 8,049 17,069 17,221
Minimum <1 <4 <2 <2 <3 <4 <1 <1
5th percentile” 0.5 2 1 6 65 2 7 30.4
10th percentile” 0.5 2 10 10 89 2 11 45.7
25th percentile” 0.5 2 22 18 136 2 22 84
50th percentile” 4 2 35 31 207 2 66 171
75th percentile” 9.4 2 50 54 319 20 228 373
90th percentile” 21 2 70 91 496 31 570 725
95th percentile” 32.2 2 91 126 712 41 879 1,038.5
Maximum 3,096 88 7,853 8,152 23,309 2,657 12,400 29,400
Australian geogenic value® 2 0.03 26 11.85 246 11.6 7.36 26.1
Australian guideline value 100 20 100¢ 6000 3,800 400 300 7,400
Number (%) of samples with value >guideline 137 (0.79) 206 (1.19) 692 (4.01) 1 (0.01) 29 (0.17) 6 (0.03) 3,464 11 (0.06)
(20.07)
Number (%) of homes with at least one sample value 96 (2.66) 186 (5.15) 397 1 (0.03) 15 (0.42) 6 (0.17) 1267 11 (0.30)
>guideline (11.00) (35.11)

@ Where the sample reported below the instrument limit of quantification (LoQ), values were recorded as 0.5 x LoQ.
b parameters including 5th, 10th, 25th, 50th, 75th, 90th, and 95th percentile calculated including 0.5 x LoQ.
¢ Based on the median value from Reimann and de Caritat (2017) sub-surface samp les (60-80 cm depth).

4 Guideline is for hexavalent chromium (CrVI); pXRF reports total Cr.
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relationship was not possible because sieved Cd values were below the
LoQ. The veracity of pXRF data versus SRMs and analyses of acid
digested soil using inductively coupled plasma mass spectrometry for a
range of trace metals has been demonstrated elsewhere (Rouillon and
Taylor 2016; Rouillon et al. 2017b). Further, the equivalence of in-field
pXRF analyses (similar to VegeSafe sample analysis) versus laboratory
prepared samples for Mn, Zn and Pb was evaluated by Rouillon et al.
(2017b), who showed good consistency between the two sets of values.
Analysis of soil Pb concentrations, the main target trace metal in this
study because of the frequent exceedances of the Australian guideline
value (300 mg/kg), was shown to be particularly robust with an R value
of 0.81 (Supplementary Fig. S7; (Rouillon et al. 2017b)).

2.2. Participant metadata cleaning and processing

Household trace metal concentrations were examined alongside
residential characteristics including home age, painted/unpainted sta-
tus, building material and sample location in each garden. Of the 17,343
measurements in the VegeSafe program database, 87 were discarded due
to address match error, superfluous data entry, or having no trace metal
data recorded for the sample, leaving 17,256 samples from 3,609 homes.
Metadata were provided by participants in the form of descriptive text
regarding home construction, whether the external walls were painted
or unpainted, and where the samples were collected. To encode this
information into analysable variables, we applied regular expressions,
based on the questions asked on the consent form, to establish three
categorical variables: building material, paint, and sample location. To
improve matching accuracy, a list of synonyms was used for each vari-
able based on entries in the whole dataset, and this list was refined
iteratively as extraction progressed. Taking the “sample location” vari-
able as an example, participants used different descriptors, such as
“veggie”, “vege”, “vegy”, “vegetable”, “veggiepatch” and so on, to
describe samples collected from a vegetable garden. Therefore, we
iteratively built a list of synonym recognition patterns to match all
possible words for vegetable gardens in the dataset. As a result, the
levels of three categorical variables are: (a) building material: brick,
fibro (fibrous cement sheet), metal, stone and timber; (b) paint: painted
and unpainted; (c) sample location: front yard, drip line, side, back yard,
vegetable garden, chicken coop and compost. Data cleaning was
completed using R (R Core Team 2020).

Metadata on property age (year of construction), painted/unpainted
status and distance to the central business district (CBD; the distance in
km to the city town hall) were assessed using smoothed conditional
means, fitted using a general additive model and 95% confidence in-
tervals. The CBD was chosen as a central, standard comparative feature
that encapsulates a composite of factors in each city e.g. greater popu-
lation density, more concentrated vehicle emissions per unit area and a
prevalence of older homes. Property age data were available for 78% of
all samples received (n = 13,455). Most samples (68%; n = 11,769
samples) were from Australia’s three largest state capital cities, which
comprise ~50% of the national population: Sydney, n = 6,813, popu-
lation 5.3 M; Melbourne, n = 4,111, population 5.1 M; Brisbane, n =
845, population 2.5 M (Australian Bureau of Statistics 2020). Trace
metal concentrations were evaluated with respect to distance from the
CBD to the maximum outer edge of each respective significant urban
area (SUA) (Australian Bureau of Statistics 2018a).

Metadata provided by participants also contained information on
building materials and soil sample locations at each property. After data
cleaning, we identified specific sample locations, including front yard (n
= 3,668), back yard (n = 3,431), vegetable garden (n = 6,777) and drip
line (n = 1,744) that comprised 90% of the total samples. Dominant
building materials (brick, timber, fibrous cement, metal, stone) used at
the participant’s property were assigned to 84% (n = 14,420) of sam-
ples. Significant differences (p < 0.05) between each building material
category were determined using a Kruskal-Wallis test followed by
Dunn’s multiple comparison. Figures showing relationships between
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trace metal concentrations and explanatory variables, such as sample
location, building material, and property age, were generated using the
package ggplot2 (Wickham 2016).

2.3. Principal component analysis

Principal component analysis (PCA) was applied to the eight trace
metals (As, Cd, Cr, Cu, Mn, Pb, Ni, Zn) measured in the VegeSafe soils to
examine the variation between individual sample concentrations and
across geographic locations (i.e. the SUA of the capital cities of Brisbane,
Sydney, Melbourne). PCA analysis expressed the critical dimensions of
the total data set as eight principal components, which correspond to a
linear combination of the original trace metals. The first and second
dimensions explain most of the variance in the data and are expressed as
two-dimensional plots. PCA was conducted using FactoMineR (Le et al.
2008) and visualized with the factoextra (Kassambara and Mundt 2020)
package.

2.4. Geospatial analysis

Trace metal concentrations were assessed across multiple scales:
individual gardens, and within and between Australia’s three main cities
(Sydney, Melbourne, Brisbane). Analysis of spatial data was performed
using ESRI ArcGIS 10.15. Data analysis was delineated using Australian
Bureau of Statistics (ABS) geographic structures. Residential soil trace
metal concentrations and associated health risk variables were assessed
using the ABS Statistical Area Level 3 (SA3) boundaries. Statistical areas
are nested sets of defined geographic area that are used by the ABS for
the delivery of official Australian Government spatial statistical eco-
nomic, social, population and environmental data (Australian Bureau of
Statistics 2018a). The SA3s comprise areas of regional towns and cities
with populations >20,000 or related clusters associated with urban
commercial and transport centres. For visualisation, selected SA3s were
confined to the greater capital city areas of Sydney, Melbourne and
Brisbane (Australian Bureau of Statistics 2018a) where sample density
and population are greatest.

Soil trace metal concentrations from front yard, back yard, drip line
and vegetable garden sample locations were averaged for each resi-
dence. Total residential trace metal concentrations were then calculated
for each SA3 within the three major capital city areas. This process was
repeated to calculate mean trace metal concentrations from vegetable
garden samples at each residence. Trace metal concentration data were
classified according to the Australian National Environmental Protec-
tion Measure (NEPM 2013) Health Investigation Levels (HIL A, resi-
dential land with accessible gardens).

The percentage of residences with soil Pb concentrations exceeding
the Australian investigation level for residential soil Pb concentrations
(300 mg/kg) (NEPM 2013), and the percentage of vegetable gardens
exceeding Australian standards for trace metal uptake by edible plants
was determined for each SA3. Exceedances of non-carcinogenic and
carcinogenic US EPA (2002) health risk factors were calculated for
young children (0-2 years old) in each SA3 area. To support health risk
interpretation, population densities (km?) of children (0-2 years) were
calculated for each SA3 using 2016 ABS census data (Australian Bureau
of Statistics 2017) to provide a relative comparison of risk geospatially.

Relationships between community involvement in the VegeSafe
program and socioeconomic status were mapped for each SA3 using the
ABS Socio-Economic Indexes for Areas (SEIFA) (Australian Bureau of
Statistics 2018b). The combined indexes are based on data from the
Census of Population and Housing and rank districts in Australia ac-
cording to a relative assessment of socio-economic disadvantage. SEIFA
scores derived for each SA3 were compared to the percentage of
households within that area that contributed VegeSafe samples to
ascertain sample density relative to population.
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2.5. Vegetable uptake of trace metals

In order to address the basic food safety concerns posed by the
public, while retaining scientific quality, we used the standard method
as detailed in the National Environmental Protection Measure legisla-
tion (NEPM 2013) to estimate vegetable uptake of trace metals. While it
would be preferable to collect actual vegetable samples and analyse
those for trace metals and to further examine soil chemistry, this was
beyond the scope of the program and not possible across the 2,631
vegetable gardens for which 6,777 soil samples were submitted. Thus,
the next best alternative was to estimate the potential uptake using the
NEPM (2013) legislation. The Australian soil guidelines (NEPM 2013)
were developed in 1999 in consideration of contemporary literature on
plant uptake from soils (Schedule B7, Appendix Al). In order to deter-
mine if these Australian Guidelines remain adequately protective in
terms of food safety considerations, more recent literature regarding
uptake of trace metals by vegetables was considered, with detail of the
method provided in Isley et al. (in press). Briefly, literature values for
uptake of trace metals by different types of fruits and vegetables were
collated. Those based on soil trace metal concentrations that differed
significantly from VegeSafe concentrations, or on non-edible parts of the
plant were excluded. Using this method, we estimated the upper
maximum soil trace metal concentrations suitable for safe food pro-
duction. This was based on Australian Government (2017) and WHO/
FAO Codex Alimentarius Commission (2011) food standards for Pb and
Cd and European Union (2015) and Food Standards Australia New
Zealand (2019) for As.

2.6. Health risk assessment

The US EPA (2002) health risk model estimates potential non-
carcinogenic and carcinogenic adverse outcomes associated with expo-
sure to environmental trace metal contaminants in soil. The model was
applied to estimate potential health risk for children (aged 0-2 years)
exposed to VegeSafe soil via three exposure routes (ingestion, inhalation
and dermal contact), following methods outlined in Doyi et al. (2019).
Children aged 0-2 years are sensitive receptors of trace metal contam-
ination due to their normal, habitual hand-to-mouth behaviours, lower
body mass, less-developed and thus less discriminate gastric uptake
mechanism and rapidly developing neural capacities, making them a
recommended demographic for health risk assessment in this context
(EnHealth 2011).

Health risk was calculated for each SA3 in the capital city areas of
Sydney, Melbourne and Brisbane (Australian Bureau of Statistics
2018a). Health risk estimates were calculated only for SA3s with a
minimum of 30 samples. Non-carcinogenic health risk estimates were
calculated for As, Cu, Mn, Ni, Pb and Zn soil concentrations. Cadmium
was not included in the calculation of health risk due to the large
number of samples reporting values below the LoQ (97%; Table 1).
Carcinogenic health risks were assessed for As and Pb; the only appli-
cable elements for which there are chronic slope factors and reference
doses required to calculate incremental lifetime cancer risks. These are
also available for CrVI (hexavalent chromium) but not total Cr. The
difference between CrVI and total Cr was not determined in our ana-
lyses, and thus modelling based on available reference doses for CrVI
could not be calculated.

In order to supplement health risk assessment, potential blood Pb
increments from exposure to soil were calculated because this was the
trace metal that most commonly exceeded Australian soil concentration
guidelines at residential homes (Table 1). The influence of soil Pb only
on blood Pb (excluding all other sources) has been examined in the
Australian context in two recent studies: Gulson and Taylor (2017) and
Dong et al. (2020), who showed that a soil Pb increase of 100 mg/kg is
associated with a 0.17 pg/dL and 0.12 ug/dL increase in blood Pb,
respectively. Here we use the Dong et al. (2020) value because it pro-
vides a minimum estimate of risk and it is derived from an analysis of
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6,265 individually matched blood Pb to soil Pb observations, the
outcome of which is similar to Gulson and Taylor’s (2017) smaller study
sample of 108 children.

2.7. VegeSafe engagement and impact assessment

The VegeSafe program sought to ascertain the efficacy of its work and
value to the community and so between August to October 2020, par-
ticipants were invited via email and social media posts to complete a
short questionnaire (Macquarie University ethics project number 2446).
The aim of the questionnaire was to assess participant engagement,
knowledge and understanding of contaminants and actions taken to
mitigate soil trace metal contamination risks. Questions are listed in
Supplementary Text S8. A total of 393 responses were received from
VegeSafe participants, with 32 being partially complete. Survey data
were analysed and compared to the findings above to better understand
the efficacy of VegeSafe’s engagement. The impact of participation on
the awareness of trace metal contamination risks alongside measures
undertaken by participants to improve community health was also
evaluated.

3. Results

The results examine the influence of residential characteristics on
trace metal soil concentrations — garden sample location, house
building materials, geospatial variations across cities and exposure risks.
Data analyses focus on trace metals that exceed guideline values or
present an identifiable exposure risk. Participant motivation for
involvement with the VegeSafe program, subsequent engagement with
the program data and changes in gardening practice and understanding
of environmental trace metal contamination are considered in the dis-
cussion section.

3.1. Residential characteristics and trace metals concentrations

Summary statistics for VegeSafe samples are in Table 1. For Pb, 20%
(n = 3,464) of samples (n = 17,256) exceeded the Australian soil
guideline (HIL A of 300 mg/kg). Of the other trace metals, only Cd and
Cr exceeded guidelines. Cadmium values were above LoQ (4 mg/kg) in
only 3% (n = 537) of samples, with 1% (n = 206) exceeding the
guideline of 20 mg/kg. For Cr, 8% of samples (n = 1,373) returned
concentrations below LoQ (2 mg/kg); with 4% (n = 692) exceeding
guidelines (100 mg/kg). Australian Cr guidelines are based on CrVI
health risk, whereas VegeSafe measured total Cr, yet it is unlikely that
CrVI:itotal Cr is close to 100% in VegeSafe samples (Bartlett 1991).
Moreover, given that the soils analysed are from residential gardens and
not from industry contaminated sites there is limited likelihood of CrVI
being present at harmful concentrations (Broadway et al. 2010).

Age of home was a determinant of soil Pb concentration. Mean soil
Pb for homes >80 years (leaded-paint era) was higher whether painted
(447 mg/kg, 95% CI: 423-469 mg/kg) or unpainted (288 mg/kg, 95%
CI: 264-316 mg/kg) compared to homes <50 years of age (post-lead
paint era), which had mean values of 136 mg/kg (painted 95% CI:
124-150 mg/kg) and 80 mg/kg (unpainted 95% CI: 72-88 mg/kg).

Average front yard soil Pb concentrations (272 mg/kg) were signif-
icantly (p = 0.025) higher than back yard samples (221 mg/kg)
(Fig. 4A). Lead concentrati