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 Metal concentrations were assessed in residential and community garden soils.
 Generally the only metal that exceeded regulatory guidelines was Pb.
 Soil Pb exceeded Australian guideline in 21% of residential gardens.
 Soil Pb exceeded Australian guideline in 8% of community gardens.
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Gardening and urban food production is an increasingly popular activity, which can improve physical and
mental health and provide low cost nutritious food. However, the legacy of contamination from industrial and diffuse sources may have rendered surface soils in some urban gardens to have metals value
in excess of recommended guidelines for agricultural production. The objective of this study was to
establish the presence and spatial extent of soil metal contamination in Melbourne's residential and
inner city community gardens. A secondary objective was to assess whether soil lead (Pb) concentrations
in residential vegetable gardens were associated with the age of the home or the presence or absence of
paint. The results indicate that most samples in residential and community gardens were generally
below the Australian residential guidelines for all tested metals except Pb. Mean soil Pb concentrations
exceeded the Australian HIL-A residential guideline of 300 mg/kg in 8% of 13 community garden beds
and 21% of the 136 residential vegetable gardens assessed. Mean and median soil Pb concentrations for
residential vegetable gardens was 204 mg/kg and 104 mg/kg (range <4e3341 mg/kg), respectively. Mean
and median soil Pb concentration for community vegetable garden beds was 102 mg/kg and 38 mg/kg
(range ¼ 17e578 mg/kg), respectively. Soil Pb concentrations were higher in homes with painted exteriors (p ¼ 0.004); generally increased with age of the home (p ¼ 0.000); and were higher beneath the
household dripline than in vegetable garden beds (p ¼ 0.040). In certain circumstances, the data indicates that elevated soil Pb concentrations could present a potential health hazard in a portion of innercity residential vegetable gardens in Melbourne.
© 2018 Elsevier Ltd. All rights reserved.

Handling Editor: Martine Leermakers
Keywords:
Soil
Lead
Garden
Residential
Community
Melbourne
Australia

1. Introduction
Residential and community vegetable gardening is a popular
activity that has increased substantially in recent years (Kessler,
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2013). Speciﬁcally, in Australia its popularity has grown markedly
such that approximately 48% of homes produce some food from
their garden (Wise, 2014). Gardening provides a host of beneﬁts,
including increased social cohesion (Armstrong, 2000) and
improved physical and mental health (Mcbey, 1985; Wakeﬁeld
et al., 2007). Food insecurity and lack of access to nutritious food
has been linked with a number of health problems, and is thought
to be partially responsible for the increasing obesity rates across
much of the developed world (Corrigan, 2011). By improving access
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to nutritious food, residential and community gardens contribute
to a healthy diet, and can help alleviate some of the emerging
community health burdens.
The lack of suitable private open spaces in cities means that
many urban gardens are situated in communal lots, which either
due to their previous use by industrial operations, or simply due
their proximity to roadways, may contain harmful contaminants
(Filippelli et al., 2005; De Silva et al., 2016). As the popularity of
community gardens have increased, so have concerns over the
legacy of contamination at such sites with concerns of increased
human exposure to contaminants, and its potential for causing a
negative effect on human health (Attanayake et al., 2014; Spliethoff
et al., 2016).
Metals can be emitted into urban environments from a variety of
sources, including waste disposal facilities and rubbish dumps
(Fujimori and Takigami, 2014; Akoto et al., 2016), industrial emissions (Harvey et al., 2017), vehicular emissions from the wear and
tear of automobile tyres (Adachi and Tainosho, 2004), engine parts
(Alloway, 1995) and mining and smelting operations (Galvin et al.,
1993; Kachenko and Singh, 2006b; Yang and Cattle, 2015; Taylor,
2015; Taylor et al., 2014; Harvey et al., 2016). The legacy of depositions from these sources has led to ongoing contamination
concerns in urban areas.
Lead (Pb) is one of the most common contaminants observed in
urban soils due to its long history of use across a wide range of
industrial applications, in particular it use as additions to petrol and
paint. Lead additives (as tetraethyl or tetramethyl Pb) were ﬁrst
added to Australian petrol in 1932 to increase the octane rating of
fuel and to reduce engine knocking (Kristensen, 2015). The Pb additives were used for seven decades, albeit in reducing concentrations, from the 1970s until 2002 when leaded petrol for automobile
use was phased out (Kristensen, 2015). During the 70 years of
leaded petrol consumption, an estimated 240,510 tonnes of Pb were
emitted across Australia, with approximately 49,500 tonnes in the
state of Victoria (Kristensen, 2015). Lead-based paints ranging between 1 and 50% by weight Pb have been used on many older
homes in urban areas of Australia (AGDOEE, 2017). The deterioration of external lead-based paints can be a source of Pb in urban
soils (Rouillon et al., 2017a).
Soil Pb contamination in urban areas typically forms a ‘bullseye’
pattern, with concentrations most elevated in the older areas and
decreasing towards the younger suburban areas. This pattern has
been observed in New Orleans, Louisiana (Mielke et al., 2017);
Indianapolis, Indiana (Filippelli et al., 2005); Sydney, Australia
(Birch et al., 2011) and London, England (BGS, 2017).
1.1. Previous studies of soil metal concentrations in Melbourne's
soils
There have been limited published studies attempting to
quantify soil metal contamination levels in Melbourne. While some
community gardens may carry out their own testing for contaminants along with councils on an ad hoc basis, the results are usually
not made public. In order to assess the spatial distribution of Pb in
surface soils of Melbourne, Laidlaw et al. (2017) collected 58 soil
samples along three transects oriented across the Melbourne
metropolitan area. The study included a further 56 samples
collected in ﬁve Melbourne suburbs: Footscray, Altona North/
Brooklyn, East Brunswick, Blackburn and Mill Park. Laidlaw et al.
(2017) observed a median soil Pb concentration of 173 mg/kg
(range ¼ 32 mg/kg to 710 mg/kg) for these transect samples and a
median soil Pb concentration of 69 mg/kg (range ¼ 9 mg/kg to
1750 mg/kg) for suburb soil samples. The suburb of Footscray had
the highest soil Pb concentration with a median value of 192 mg/kg
(range ¼ 40 mg/kg to 1750 mg/kg). Soil Pb concentrations were

generally highest nearest the centre of the Melbourne metropolitan
area and to the west of the city with lower values in the outer
suburbs and to the east and north of the city centre. Soil Pb concentrations collected from transects taken from urban parks
decreased with distance from roadways. A control surface soil
(0e2 cm) sample collected from a rural setting located approximately 31 km northeast of the Melbourne central business district
(Wittons Reserve, Waranga Park) exhibited a Pb concentration of
17 mg/kg. Mikkonen et al. (2017) assessed the background concentrations of As, Mn, Ni, Pb and Zn in soils developed on the Newer
Volcanic (basalt) geology of the Melbourne metropolitan area. They
observed a median and 95th percentile background soil Pb concentration of 14 and 45 mg/kg, respectively. The only other published studies regarding soil metal concentrations were those
conducted by Olszowy et al. (1996, 1996) collected 80 soil samples
from urban areas of Melbourne, however the locations of the soil
samples were not speciﬁed. Olszowy et al. (1996) reported that 5%,
20%, 0%, and 0% of soil samples collected in older high trafﬁc areas,
older low trafﬁc areas, newer high trafﬁc areas and newer low
trafﬁc areas exhibited soil Pb concentrations greater than the
Australian HIL-A residential guideline of 300 mg/kg, respectively. A
more recent report (De Silva et al., 2016) observed that metals
(including Pb) were found to be signiﬁcantly accumulated in
roadside soil and were related to trafﬁc characteristics such as
vehicle speed, road age and trafﬁc density. However, there are no
known published studies of soil metal concentrations in Melbourne's community and residential gardens, where there is a
greater risk of exposure.
1.2. Soil lead guidelines e Australia and internationally
Regulators in Australia and internationally have established soil
Pb guidelines to account for exposure to Pb in soil. Within Australia,
the National Environment Protection Council (2013) has established a tiered level of soil Pb guidelines that depend on land use
and risk of exposure, known as health investigations levels (HILs)
(NEPC, 2013). The relevant HILs for soil Pb concentrations are
300 mg/kg for residential areas with gardens or accessible soil (HILA) and 600 mg/kg for public access recreation areas such as parks
and play grounds (HIL-C). By contrast, some international soil Pb
values are much lower. For example, the California residential soil
Pb guideline is 80 mg/kg (Ca-Oehha, 2017); Canadian Council of
Ministers of the Environment (CCME) soil Pb guidelines are 70 mg/
kg for agricultural land and 140 mg/kg for residential or parkland
(CCME, 2017); and the Norwegian soil Pb guideline for soil in day
care centres, playgrounds and schools is 100 mg/kg (NPCA, 2009).
In the United Kingdom, the Category 4 screening level for Pb in soil
is 80 mg/kg for allotments and 200 mg/kg for residential properties
with home grown produce (Defra, 2014). There is no international
consensus regarding soil Pb guidelines but they are typically set a
higher level than average crustal background Pb concentrations,
which are in the range of 10e23 mg/kg (Callender, 2003).
1.3. Recommended soil lead level limits for growing food in gardens
Table 1 presents a list of selected recommended soil Pb concentration limits for growing food in gardens. Some of the suggestions include multiple soil Pb limits that take into consideration
whether children will be participating in the gardening activity or
the type of vegetables to be grown.
1.4. Objectives
The primary objective of this study was to establish the presence
and prevalence of soil metal contamination in residential and
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Table 1
Recommended soil Pb concentration limits for growing food in gardens.
Guideline

Source

Canadian agricultural soil quality guideline for Pb ¼ 70 mg/kg
Between 0 and 150 mg/kg, “Safe to garden with children - all food crops safe.”;
Between 150 mg/kg and 400 mg/kg, “Keep children out of the garden. Do not grow root crops. Safe to grow legumes, fruiting, and leafy
vegetables.”;
400 mg/kg to 1000 mg/kg, “Keep children out of the garden. Do not grow root crops. Safe to grow legumes and fruiting vegetables. Avoid
growing low-growing leafy vegetables, which are difﬁcult to clean.”;
>1000 mg/kg, “Do not garden directly in this soil. Grow all crops in raised beds.”
<200 mg/kg, no action required;
200 to 400 mg/kg, “Build raised beds … mulch areas between and surrounding (10 feet) raised beds.”;
400 to 600 mg/kg, “Build raised beds and mulch … Leafy green vegetables such as spinach, kale, cabbage, and lettuces should either not be
grown or be washed thoroughly before consumption. Root vegetables such as carrots, potatoes, turnips, radish, beets, and yams should be
washed thoroughly and peeled.”;
>600 mg/kg, “Consider relocating your garden or be prepared to signiﬁcantly lower contaminants on a large scale.”

(CCME, 2017)
(Kansas State, 2014)

community vegetable gardens in the Melbourne metropolitan area.
Secondary objectives of this study were to assess whether: (a) soil
Pb concentrations in residential gardens were associated with the
home age or the presence of exterior paint; and (b) there is a
relationship between the distance from the nearest roadway and
soil Pb concentrations in the community garden beds. Further,
evidence based analysis of the Pb risks associated with these secondary objectives can provide the basis for more informed mitigation and management of contamination in these settings.
2. Materials and methods
2.1. Community gardens
2.1.1. Site selection
Community garden sites within approximately 10 km from
Melbourne's central business district (CBD) were targeted for
sampling. After identifying potential sites, community garden
managers were contacted regarding their willingness to participate
in the project. There are over 50 community gardens in Melbourne
(ACFCGN, 2017), and this study only sampled the 13 sites where
permission was obtained.
The participating gardens were distributed across the Melbourne metropolitan area being located in the suburbs of Braybrook, Brunswick, Brunswick East, Carlton, Fairﬁeld, Maribyrnong,
Northcote, Thornbury, and Yarraville.
2.1.2. Soil sampling procedure
Each community garden consisted of garden plots and pathways
between the garden plots. Pathways at eight of the gardens consisted of exposed soil, while at ﬁve of the gardens the pathways
were covered with mulch (wood chips/straw) or grass.
In each community garden, a total of three garden bed locations
were sampled (n ¼ 39). Garden bed samples were generally situated along the outer edges of the garden bed. Samples were
collected at the centre and ends of the gardens. The uppermost
surface soil to a depth of 5 cm was collected at each sampling point
and placed in individually marked Ziplock bags and its co-ordinates
recorded using a GPS. Areas of soil with high amounts of foreign
matter (such as mulch or gravel) were avoided.
2.1.3. Soil metal analysis
After air-drying the samples, soil samples were sieved through a
250 mm mesh. Samples (1.0 g) were digested on a hot block for
30 min at 95  C using a mixture of nitric (4 mL) and hydrochloric
(10 mL) acid. After cooling, hydrogen peroxide was added to digest
remaining organic matter and samples heated at 95  C for a further
2 h (USEPA, 1994). Where necessary, the digested sample was

(Filippelli, 2012)

ﬁltered using 0.45 mm Sartorius Minisart syringe ﬁlters and 10 mL
of the solution was then placed in a 50 mL volumetric ﬂask and
diluted to volume (using deionised water) prior to analysis for
which metals using inductively coupled atomic emission spectroscopy (ICP-AES).
2.1.4. Quality assurance/quality control
Seven duplicate samples were collected and analysed for metal
concentrations. The relative percent differences (RPD) in the metal
concentration between the primary and duplicate samples were
less than 30%, with the exception that RPDs were up to 50% for Pb in
two samples and for Zn in one sample. Average RPD for the laboratory duplicates for Pb were 4% (range 0e9%). Matrix spikes were
within laboratory control limits (70e130%) for three of the four
matrix spikes, with the exception of Pb in one sample which
exhibited a spike recovery of 150%. A matrix spike is used to test for
potential interference with the analysis of the contaminant due to
the composition of the soil. Method blanks for all samples were
below detection limits for all metals tested. It was concluded that
the quality of the analytical results was acceptable for interpretation and reporting purposes.
2.2. Residential gardens
2.2.1. Site selection
The residential garden sites analysed for this study consisted of
locations where participants submitted soil samples for metal
screening to Macquarie University's VegeSafe program (VEGESAFE,
2017; Rouillon et al., 2017a).
2.2.2. Soil sampling procedure
The VegeSafe program offers a soil metal screening service to
residential and community garden participants across Australia.
The samples processed for this study were completed free of
charge, with new participants being asked to provide a $20 donation to the program. The program's website (VEGESAFE, 2017)
provides instructions about sampling and requests that participants provide a maximum of ﬁve labelled samples from their home
yard, from a depth of 0e2 cm. Samples are typically received in the
post and results are emailed back to participants on completion of
analysis. Participants submit a consent form with their samples
containing some basic metadata including sample location (i.e.
vegetable garden, dripline, etc.), age of house, construction of house
exterior (e.g. brick, wood, weatherboard) and whether it is painted
or not. Soil processed as part of Macquarie University's VegeSafe
program is processed as received, i.e. there is no further sample
preparation, hence the data is considered as screening-level information only.
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Table 2
Summary statistics of community garden bed soil metal and metalloid concentrations (n ¼ 39).
Summary statistics

As (mg/kg)

Cr (mg/kg)

Cu (mg/kg)

Pb (mg/kg)

Mn (mg/kg)

Ni (mg/kg)

Zn (mg/kg)

Minimum
25th percentile
Mean
Median
Geometric mean
75th percentile
95th percentile
Maximum
Standard deviation
Australian HIL-A guideline
% of samples above Australian HIL-A guideline
Canadian agricultural guideline

5
6
8
7
7
10
13
14
3
100
0%
12

8
14
17
17
16
18
31
32
6
100a
0%
64

17
26
40
35
36
49
76
102
19
7000
0%
64

17
28
102
38
58
137
325
578
124
300
8%
70

79
137
201
182
182
229
388
453
96
3000
0%
NG

4
10
15
13
13
19
28
36
7
400
0%
45

62
107
218
158
173
266
580
950
179
8000
0%
200

a

Cr assumed to be Cr(VI), not total Cr in the Australian guidelines.

2.2.3. Soil metal analysis
Analysis of received soils was undertaken using an Olympus
Delta X-Ray Fluorescence (XRF) 50 kVinstrument.
2.2.4. Quality assurance/quality control
Recommended operational procedures followed when using the
XRF (Rouillon and Taylor, 2016) included daily measurements of an
energy calibration check, measurement of a silicate (SiO2) blank
and National Institute of Standards and Technology certiﬁed
reference materials (CRMs: NIST 2710a and 2711a). For the element
of concern here, Pb, values rarely report >10% RPD and typically
<5% RPD from the certiﬁed reference materials. Recent evaluation
of in-situ soil metal(loid) analysis versus laboratory-standard data
showed that Pb is particularly robust with raw data being within
30% of laboratory data (Rouillon et al., 2017b). While the posted
VegeSafe samples are not in-situ per se, they are suitably equivalent
in that they are raw, unprocessed samples, akin to ﬁeld samples
(Rouillon et al., 2017b).
2.3. Comparability of community and residential garden soil metal
datasets
Rouillon et al. (2017a,b) observed a very strong correlation between portable XRF (pXRF) and ICP-AES metal data (r2 0.999) which
indicates that pXRF is a robust alternative to ICP-AES for the measurement of metals in soils. The same model pXRF instrument as
used by Rouillon et al. (2017) was used to analyse Melbourne residential gardens for their total metal concentrations. Garden soil
metals in from the Melbourne community were analysed using ICPAES following acid digestion. The different grain size of the soil
samples in the community and residential gardens may inﬂuence
the reported soil metal concentrations. Due to the tendency of

metals to concentrate in the ﬁner grain size fractions in soils, the
community garden soil samples that were sieved to <250 mm grain
size may have caused the reported concentrations to be higher than
equivalent unsieved residential garden soil samples.
2.4. Data disclosure
The soil analytical results and the Australian soil metal guidelines were shared with the residents and community garden
groups. Where soil Pb concentrations exceeded Australian guidelines it was recommended to residents that they grow their vegetables in raised garden beds using clean imported soil.
2.5. Statistical analysis
The SPSS software program (version 24) was used to complete
Kruskall-Wallis tests. A p value of 0.05 was used to determine
statistical signiﬁcance.
3. Results
Summary statistics of the soil metal concentrations of the
community vegetable garden beds and residential vegetable gardens are presented in Tables 2 and 3, respectively.
3.1. Community garden soil metal concentrations
Table 2 indicates that Pb was the only metal to exceed Australian
regulatory guidelines in the Melbourne community garden bed soil
samples. The mean and median soil Pb concentrations of the 13
community gardens were 102 mg/kg and 38 mg/kg, respectively,
with a range of 17 mg/kg to 578 mg/kg (Table 2). Mean garden bed

Table 3
Summary statistics of residential vegetable garden soil metal and metalloid concentrations (n ¼ 395).

Minimum
25th percentile
Mean
Median
75th percentile
95th percentile
Maximum
Standard deviation
Australian HIL-A guideline
% of samples above Australian HIL-A guideline
Canadian Agricultural Guideline
a
b

As (mg/kg)

Cr (mg/kg)

Cu (mg/kg)

Pb (mg/kg)

Mn (mg/kg)

Ni (mg/kg)

Zn (mg/kg)

<1e4a
<1e4a
9
4
9
27
295
29
100
0.01
12

<5e10a
21
50
34
53
93
1115
106
100b
0.08
64

<5e7a
23
49
35
58
139
323
45
7000
0
64

<1e4a
39
204
104
250
677
3341
316
300
20
70

<10a
132
210
186
259
429
714
116
3000
0
NG

<10e20a
<10e20a
16
11
24
52
146
22
400
0
45

<2e4a
126
334
234
417
938
3003
364
8000
0
200

Olympus XRF Detection limit.
Cr assumed to be Cr(VI), not total Cr in the Australian guidelines.
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soil Pb concentrations exceeded the Australian HIL-A soil Pb
guideline of 300 mg/kg in only one community garden. Fig. 1 presents a map showing the mean soil Pb concentrations of the 13
Melbourne community gardens. This map indicates that the ﬁve
sites with soil Pb levels exceeding the Canadian Agricultural soil
quality guideline (70 mg/kg) were located in relatively close proximity to each other, at about 1e4 km northeast of the CBD.
The relationship between distance from the roadway and soil Pb
concentrations in the community garden beds was assessed. Linear
regression indicated that the relationship between soil Pb concentrations and distance from nearest road was not statistically
signiﬁcant (p ¼ 0.79). However, soil Pb concentrations were
elevated in a subset (8 of 39) of garden samples located approximately 20e25 m from roadways.
3.2. Residential garden soil Pb concentrations
A total of 395 soil samples from the VegeSafe program originating from 136 residential vegetable gardens across the Melbourne metropolitan area (Fig. 2) were evaluated for this study. The
mean and median soil Pb concentrations of these soils were
204 mg/kg and 104 mg/kg (range <4e3341 mg/kg), respectively.
Mean soil Pb concentration in 21% of the 136 vegetable gardens
exceeded 300 mg/kg, the Australian Residential HIL-A soil Pb
guideline. Soil Pb concentrations in residential vegetable gardens
were signiﬁcantly higher than those measured in community gardens (p ¼ 0.012).
3.3. Potential lead paint contribution to residential garden soil lead
concentrations
Several lines of evidence indicate that residential garden soil Pb
concentrations in Melbourne have been impacted by the deterioration of exterior lead-based paint, which corresponds to recent
ﬁndings from Sydney (Rouillon et al., 2017a,b). Soil Pb concentrations are (a) higher in homes with painted exteriors (p ¼ 0.004); (b)
generally increase with age of the home (p < 0.001; Fig. 3); and, (c)
are higher beneath household driplines than in vegetable garden
beds (p ¼ 0.040).
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4. Discussion
The primary objective of this study was to assess whether soil
metal contamination was present and if so, how widespread it was
in Melbourne residential vegetable and community gardens. The
results generally indicate that the only metal or metalloid that
exceeded regulatory guidelines was Pb (Tables 2 and 3). The mean
soil Pb concentrations exceeded the Australian HIL-A residential
guideline of 300 mg/kg in 8% of the community garden beds and
21% of the residential vegetable gardens beds. By contrast, only rare
exceedances of Australian HIL-A residential guidelines for all other
metals tested were found. Arsenic and chromium exceeded their
respective HIL-A guideline in 0.01 and 0.08% of the samples,
respectively. The ﬁnding that the soil in a number of residential
vegetable gardens exceeded 300 mg/kg (the Australian HIL-A residential soil Pb guideline) in Melbourne is consistent with observations in Sydney where 40% of residential vegetable gardens
exceeded this value (Rouillon et al., 2017a).
Soil Pb concentrations in the community vegetable gardens
were substantially lower than the residential vegetable gardens
(p ¼ 0.012). There could be multiple reasons for this observation.
None of the community gardens were located adjacent to two of
the main sources of legacy Pb deposition in urban soilsdroadways
(Filippelli et al., 2005; Laidlaw et al., 2017) and structures containing exterior lead-based paint (Rouillon et al., 2017a). Many of
the community gardens also contained raised beds that presumably contain imported clean soils or soil amendments, such as
organic matter from compositing. Vegetable gardens in the ﬁve
community gardens that exhibited soil Pb concentrations
exceeding 70 mg/kg were primarily grown in in-situ, while the
vegetables in remaining community vegetable gardens containing
low levels of Pb (<70 mg/kg) were grown primarily in raised beds.
The residential garden bed sampling locations sampled in this
study are predominately located towards the north, northwest and
southwestern areas of the Melbourne metropolitan area. By
contrast, there is a low density of data regarding the spatial distribution of soil Pb concentrations in residential vegetable garden
beds located to the northeast, east and southeast of Melbourne.
However, it is likely that soil Pb concentrations in these regions
would also increase relative to the age of the housing stock as

Fig. 1. Mean community garden soil Pb concentration.
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Fig. 2. Mean soil Pb concentrations in residential vegetable gardens of Melbourne,
Australia.

observed in Fig. 3.
The observation that soil Pb concentrations in the vegetable
gardens in Melbourne increased with the age of the house and was
higher in painted homes and beside the dripline is consistent with
observations made by (Rouillon et al., 2017a) in Sydney. Another
implication of the observation of a relationship between age and
the Pb concentrations in vegetable garden soil at residences is that
it may be advisable that exterior lead-based paint be encapsulated
or removed to prevent future contamination of soil and vegetables
surrounding a home.
There is a trend of gardeners growing vegetables in the nature
strips adjacent to roadways (ACFCGN, 2018). We recommend that
gardeners exercise caution using these spaces for growing food
given that soil Pb levels have been observed to be elevated adjacent

to roadways in Melbourne (Laidlaw et al., 2017; De Silva et al.,
2016), Sydney (Birch and Scollen, 2003; Snowdon and Birch,
2004) as well as internationally (Filippelli et al., 2005).
A comparison of the soil Pb concentrations in Melbourne's
residential and community gardens can be benchmarked against a
range of other international community and residential gardens
(Table 4). These studies indicate that soil Pb concentrations in other
community and residential gardens including those in Australia are
elevated relative to those identiﬁed here for Melbourne, Australia.
With the exception of Kachenko and Singh (2006b), there have
been few studies regarding the uptake of Pb in vegetables in
Australia, which could provide insight into its potential uptake in
vegetables in some of Melbourne's gardens. Kachenko and Singh
(2006a) completed a study of the uptake of Cd, Cu and Pb in vegetables from soil in Boolaroo, Cowra, the greater Sydney basin and
Port Kembla, NSW. The soil Pb concentrations in these cities ranged
from 12 to 1626 mg/kg (mean ¼ 363 mg/kg) in Boolaroo,
7.3e11.6 mg/kg in Cowra, 2.8e197.9 mg/kg in the Sydney Basin and
13.9e430.2 mg/kg in Port Kembla. The Australian and New Zealand
Food Authority (ANZFA) maximum level for Pb in vegetables crops
(0.01 mg/kg fresh weight) (ANSTAT, 2001) was exceeded in 100%,
32%, 38% and 60% of the vegetable samples in Boolaroo, Cowra, the
greater Sydney basin and Port Kembla, respectively. Kachenko and
Singh (2006a) noted that given Boolaroo and Port Kembla were
located in the vicinity of smelters, aerial deposition of Pb onto
vegetables and subsequent foliar intake may be responsible for the
high percentage of vegetable samples exceeding the ANZFA ML at
these sites.
The data in this study and that identiﬁed elsewhere, causes us to
recommend that soil Pb concentrations be measured in community
and residential gardens where they are located in older inner-city
and former industrial areas. In Australia, up to 5 soil samples can
currently be tested for Pb and other metals for a minimal donation
to the pro bono VEGESAFE (2017) program (AUD $20), operated by
Macquarie University, Sydney. Where soils are already known or
subsequently shown to be contaminated, guidance for gardeners is
presented in Table 1 and is also available online (VEGESAFE, 2017).

1200

1000

Soil Lead (mg/kg)
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400

200

0
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Year of Household Construction
Fig. 3. Box plot of residential vegetable garden soil Pb concentration categorised by age of home. Dot points represent the 5th and 95th percentiles.
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Table 4
Summary of global studies on residential soil Pb concentrations in urban community and residential gardens.
Region

# Sites

Mean (mg/kg)

Median (mg/kg)

Range (mg/kg)

Notes

Reference

North America
USA e Baltimore, Maryland
USA e Chicago, Illinois
USA eDetroit, Michigan

422
10
1

354
143
151

100
-

1-10,900
35e449
17e882

residential gardens
community gardens
community garden

USA
USA
USA
USA

12
141
13
904

e
950
129
600

800
e
355

18e1720
80e3680
16e869
3e8912

Canada e Vancouver, British
Columbia
Europe
France - Nantes

508 (bed soil)
54 (non-bed
soil)
1

163 (bed soil)
334 (non-bed
soil)
219

173 (bed soil)
375 (non-bed
soil)
e

1531 (bed max)
2455 (non-bed
max)
110e234

community gardens
residential gardens
community gardens
community and residential
gardens
community gardens

(Chaney et al., 1984)
(Witzling et al., 2011)
(Bugdalski et al.,
2013)
(Clarke et al., 2015)
(Clark et al., 2008)
(Long, 2012)
(Cheng et al., 2015)

1

313

107

France - Nantes
Lisbon, Portugal
Spain - Madrid

29
18
6

61
66
99

Australia
Sydney, NSW

141

Melbourne, VIC
Melbourne, VIC

13
136

e Los Angeles, California
e Boston, Massachusetts
- Washington, DC
e New York City

USA e New York City

(Spliethoff et al.,
2016)

community gardens

(Oka et al., 2014)

28e5875

community gardens

e
e
e

19e229
23e245
15e598

community gardens
community gardens
community gardens

(Jean-Soro et al.,
2015)
(Bechet et al., 2016)
(Bechet et al., 2016)
(Izquierdo et al.,
2015)

301

135

14e3080

residential gardens

102
204

38
104

17e578
<4-3341

community gardens
residential gardens

Remediation options include excavation and replacement of
contaminated soil with clean soil or construction of raised beds
consisting of natural hardwood frames (not treated with CCA
(copper chrome arsenic) or equivalent) with a synthetic geotextile
liner and importation of clean soil (City of Melbourne (2017);
Filippelli, 2012). While raised beds have long been considered an
effective remediation option, they only impact cultivated areas of
the garden. Pathways and other uncultivated areas can still present
a route of exposure and should also be covered with a thick layer of
gravel or mulch (Filippelli, 2012).
Another option for reducing potential exposure in gardens with
elevated soil Pb concentrations is for gardeners to refrain from
growing vegetables that are known Pb accumulators. Vegetables
that can retain moderate to high concentrations of Pb in edible
portions include low-growing leafy vegetables such as lettuce,
aramanth and caraway (Zhou et al. (2016) and root vegetables such
as carrots, onions, turnips and radishes (Alexander et al. (2006).
Kansas State (2014) provided general recommendations regarding
which vegetables are safe to grow in soil with various soil Pb
concentrations Table 1).
In addition to the types of vegetables that should not be grown
in Pb contaminated soils, it is also recommended that all vegetables
should be thoroughly washed (and where appropriate, peeled) to
remove Pb contaminated soil particles adhering to the surface of
vegetables (Attanayake et al., 2014).
There are few sources that speciﬁcally recommend soil Pb
concentrations at which children should avoid gardening. Kansas
State (2014) recommends that children should avoid gardening in
vegetable gardens with soil Pb concentrations exceeding 150 mg/
kg. The California residential soil Pb guideline of 80 mg/kg is lower
than the Kansas State guideline (CEPA, 2009). No speciﬁc guideline
for adult gardeners was located, however the United Kingdom and
Australian guidelines for residential land use with gardens producing vegetables are 200 and 300 mg/kg, respectively (Defra,
2014; NEPC, 2013). The United Kingdom soil Pb guideline for allotments is 80 mg/kg (Defra, 2014). Ideally, gardeners would grow
vegetables in soil that does not contain Pb above natural

(Rouillon et al.,
2017a)
This study (2018)
This study (2018)

background concentrations, which is typically <20 mg/kg in Melbourne (Mikkonen et al., 2017).
5. Conclusions
This study aimed to understand whether soil metal concentrations constitute a potential hazard to residential gardeners in the
Melbourne metropolitan area. The results indicate that most samples in residential and community gardens were below the
Australian residential health investigation levels (HILs) for all tested
metals except Pb. Mean soil Pb concentrations exceeded the
Australian HIL-A residential guideline of 300 mg/kg in 8% of the
community garden beds and 21% of the residential vegetable gardens. Soil Pb concentrations were higher in homes with painted
exteriors (p ¼ 0.004); generally increased with age of the home
(p ¼ 0.000); and were higher beneath the household dripline than
in vegetable garden beds (p ¼ 0.040). There was no statistically
signiﬁcant relationship between community garden bed Pb concentrations and distance from roadway, although there was a
cluster of samples with high Pb concentrations at a distance of
approximately 20e25 m from the roadway. Currently, little
emphasis is placed on historical and diffuse legacy contamination
in the soils surrounding residential dwellings in Australia. However,
the soil Pb concentrations identiﬁed here along with those
measured recently in Sydney suggest the need for further assessment of the risks associated excess Pb in garden soils of Melbourne,
Australia.
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