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Abstract: This study is the first to consider, and estimate, the influence of gardening routines on
exposures to both health benefits and health risks. This holistic approach helped to contrast the
healthy lifestyle of gardening with health risks from exposures to potentially toxic elements such
as Cd and Pb in urban environments. A total of 120 participants who grew their own produce
in an urban setting were recruited to the study. A detailed questionnaire was developed that
included sections on gardening activity, cultivation and consumption of produce, consumption of
commercially grown produce, and other lifestyle factors. Administered alongside the questionnaire
was the Short Form 36 (v2) as a standardised tool for measuring physical and mental health. Fruit
and vegetable consumption was found to be correlated with the amount of gardening individuals
did in autumn/winter and was greater than fruit and vegetable consumption, on average, in the UK
general population. Levels of physical activity were also found to be higher in our study than regional
averages, whilst BMI was lower than average. This is the first study to find a relationship between
gardening more regularly (in autumn/winter) and the physical component of the Short Form 36, and
this relationship was elevated compared to non-gardening populations. The physical component
scores from this study were also significantly higher for older participants, compared to means
from a Western population. This finding supports studies suggesting that gardening may be more
beneficial for the elderly generation. These benefits were assessed in the context of potential exposures
estimated from the type and frequency of produce being consumed. The benefit of maintaining a
healthy lifestyle is likely to outweigh the health risks of gardening on soils mildly contaminated with
Cd and Pb but requires formal consideration within a risk management framework.

Keywords: urban agriculture; health risks; health benefits; vegetable consumption; exercise

1. Introduction

Several authors have alluded that both the health benefits (from increased fruit and
vegetable consumption, exercise, etc.) and health risks (exposure to contaminants) should
be considered in the regulation of gardening activities on urban land [1-4]. Taking part
in gardening activities is associated with a lifestyle that is beneficial to health. Gardeners
have been observed to partake in greater levels of physical activity than non-gardeners and
consume a greater number of portions of fruit and vegetables [5-7]. Gardeners have also
been found to have a lower average body mass index (BMI) compared to non-gardeners,
meaning they are less likely to be overweight or obese [8,9]. Finally, gardening activities
have been shown to reduce stress levels [10,11] and are beneficial to psychological health
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in other ways, including through community cohesion [12] and through a sense of achieve-
ment associated with successfully growing produce [9,12]. Increased fruit and vegetable
consumption and physical activity have been reported to have a protective effect against
several health outcomes including heart diseases, stroke, and cancers [13,14], diseases that
accounted for the top five causes of death in Western Europe between 1990 and 2010 [15].

In contrast to the health benefits of gardening, there have been many studies that found
an association between neighbourhood soil contamination and ill-health: neighbourhood
soil contamination with Pb has been associated with high blood Pb levels in children and
linked to a reduction in IQ [16]. Soil contamination with arsenic has also been found to
be correlated with mental retardation [17]. Furthermore, environmental exposure to Cd
was associated with an increase in the likelihood of all-cause mortality, cardiovascular
disease, and cancer in two prospective studies [18-20]. Staessen et al. [21] also observed
that moderate environmental exposures to Cd were correlated with lower bone density in
women, increasing the likelihood of fractures.

Health outcomes associated with gardening are dependent on the types of activities
the gardeners are performing, how often they visit their garden, and what produce they
grow and consume. Gardening routines, including the regularity and duration of visits to
the allotment or home garden, could increase both health benefits and health risks [11,22].
Different types of gardening activities, such as digging, weeding, etc., play different roles
in improving muscle strength, co-ordination, or cardiovascular fitness [23] and likely affect
health risks through proximity to the soil and soil dusts. The volume of consumption
of home-grown produce has not been widely investigated in the literature [24] but is
associated with increased exposure to metals from the soil. Preparation of produce by
peeling and washing during cooking or otherwise can reduce exposure to metals contained
in soil particles or in the root/fruit exodermis [25]. The increase in fruit and vegetable
consumption and physical activity from gardening and Grow-Your-Own can help tackle
‘sloth and obesity” in the Western world [3].

In this paper, the influence of gardening routines on exposures to the health benefits
and health risks of gardening is investigated through a questionnaire survey of gardeners
living in and around Nottinghamshire, UK. This is the first study to explicitly evaluate
gardening routines from the perspective of impact to both health benefits and risks. The
aims of the questionnaire survey were to; (i) obtain data that could be used to estimate
health risks and benefits for a group of gardeners, (ii) investigate the relationships between
participation in gardening, fruit and vegetable consumption, exercise and health, and
(iif) investigate the quantity and types of produce grown and consumed by gardeners.

2. Materials and Methods
2.1. Questionnaire Development

A self-administered ‘Gardening and Health’ questionnaire was used to capture data on
gardening routines that might influence health benefits and risks. A copy of the question-
naire can be found in Supplementary Material. The questionnaire contained the following
sections designed to obtain different information about the routines of gardeners:

Section A—Participation in gardening: Participants were asked where they had access
to a garden (e.g., allotment, home garden) and how often they spent time gardening there.

Section B—Gardening activities: Participants were asked how often they engaged in
different gardening activities from a preselected list.

Section C—Produce consumption: Participants were asked which produce they grew
on their allotment/home garden from a preselected list and to estimate how often they
consumed produce from their garden in portions per week/month.

Section D—Lifestyle: Participants were asked about their lifestyle, including fruit
and vegetable consumption, exercise, smoking status, alcohol consumption, and socioeco-
nomic questions.

Section E—Health: Participants were asked to fill in the Short Form (SF) 36 v2 ques-
tionnaire and to record their height and weight.
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Section F—Further participation: Participants were asked if they would like to take
part in future studies and to indicate their preferred choice of incentive.

Participants were asked to indicate their age and gender on the consent form. Except
for Section E, which included the SF 36 v2 (see below), the questionnaire was designed
by the research team. Questions were designed using previously published questions or
responses from previous surveys where available (see individual questionnaire sections
below) to reduce bias and allow for comparisons to be made with existing data sets. Most
questions used a Likert scale format, recognisable in most surveys, with differing numbers
of responses.

Section A—Gardening participation

Questions 1, 2, 3, 5 and 6 (see Supplementary Materials) were used to determine how
many of the participants had access to an allotment or a home garden and the proportion of
participants that used their gardens for growing food. Questions 4, 7 and 8 helped to deter-
mine how often participants gardened either at home or on their allotment; questions were
divided into categories based on previous research ([26]—used by the CLEA model [22])
and divided into spring/summer, autumn/winter to account for differences in participant
responses as a result of seasonality.

Section B—Gardening activities

The first 10 questions in this section were developed using a 5-point Likert scale and
designed to ask respondents about their engagement in a variety of different gardening
activities. These were based on Park et al. [23], which documented intensities of different
activities measured in metabolic equivalents (METs) for a group of Korean gardeners.
Respondents were asked in an open question (Q11) to list any other activities they regularly
took part in. The contribution of gardening activities to the exercise regime of participants
was assessed in Q12 using a 10-point Likert scale.

Section C—Produce consumption

Participants were given a table of suggested produce (with space to record their own)
and asked to indicate which they grew, where they grew it, and how many times per
week/month they consumed the produce. They were also asked to indicate whether they
normally peeled the produce or washed it prior to consumption. Participants were also
asked to indicate, for each type of produce, how much of their general consumption came
from the supermarket or their home garden/allotment.

Section D—Lifestyle

This section included questions asking participants to describe their fruit and vegetable
consumption and regularity of exercise. Participants were also asked about their alcohol
consumption, cigarette use, household income before and after retirement, and highest
qualification achieved. Respondents were asked to indicate their level of each lifestyle
activity (e.g., fruit and vegetable consumption) over a recent time period (e.g., “How many
portions of fruit and vegetables (not including potatoes) did you eat yesterday?”) as well as
more generally. Fruit and vegetable consumption questions and responses and those for
exercise were designed for comparison with Health Survey England 2013 data recorded in
the Health and Social Care Information Centre [27]. Questions and answer categories for
alcohol consumption and smoking were based on data from HSCIC [28,29]. Social economic
status (SES) was assessed by a composite score calculated from the highest qualification
achieved (education) and household income (household income before retirement was
calculated for individuals who had retired). Responses were graded from 1 to n (with n
considered the highest) and then multiplied together to give a score for SES (a similar frame-
work to that used by the twofold or fourfold index [30]. Qualification responses including
vocational and non-vocational qualifications were categorised according to the National
Qualifications Framework v5. Responses for household income were categorised so that
possible answers reflected the distribution of household income for the UK, according to
the Institute for Fiscal Studies [31].

Section E—Health
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The SF 36 v2 questionnaire was administered as a measure of physiological and
psychological health and well-being. Participants were also asked to record their own
height and weight and given the option to record this in metric or imperial units. Height
and weight were converted to metric units (m and kg) and used to calculate body mass
index (BMI).

The Short Form 36 v2 is recognised internationally as a validated, self-reported mea-
sure of physical and psychological health and well-being. The questionnaire contains
36 questions relating to eight categories: Physical Function (PF), Role Physical (RP), Bodily
Pain (BP), General Health (GH), Vitality (VT), Social Function (SF), Role Emotional (RE),
and Mental Health (MH). Composite scores for the first four categories are combined to give
the Physical Component Score (PCS) and composite scores from the last four categories,
the Mental Component Score (MCS). Scores for each category are normalised according
to population means taken from a large Western population. The SF 36 v2 has also been
previously used by several other researchers investigating health outcomes arising from
gardening [11,23,32,33]. An additional question was used to ascertain whether the respon-
dents’ responses to the SF 36 v2 were typical or whether they might have been affected by
illness, injury, or a significant emotional experience such as marriage or becoming a parent.
This was previously implemented for a similar study by [34] and is relevant for this study
where a longer period than the usual recall period of 4 months is important.

2.2. Study Design and Administration

Participation in gardening in this study was considered to be a continuous variable,
ranging from those who do little or no gardening to individuals who spend a lot of their
time engaged in gardening activities. As a result, no control group was recruited for this
study, the study population was instead compared to baseline studies that investigated
health and well-being, fruit and vegetable consumption and exercise in larger populations.
These include national and regional statistics for the consumption of fruit and vegetables
and engagement in physical activity and normalised scores for the SF 36 v2 adjusted by
age and gender [35].

Participants were firstly recruited as part of a wider study investigating the compo-
sition of the soils of allotment gardens. Details of access to participants, ethical approval,
and permissions for this part of the study are included in the Supplementary Materials.
Participants were also recruited at Grow-Your-Own events run by Nottingham City Council
(NCC) on 6 September 2014 and 5 September 2015. The research team were invited by
the NCC to host a stall at the event and hand out questionnaire packs containing ques-
tionnaires and consent forms (see Supplementary Material). The packs were pre-stamped
and addressed for return. Entry into a prize draw for participants with the chance to win
GBP 100 cash prize or a gardening equivalent prize (including membership to the RHS or
National Trust) was offered as an incentive for the return of completed questionnaires. One
winner was picked at random from the list of entries. All participants were required to be
over 18 years old.

2.3. Scoring Responses and Data Entry

Questionnaire responses and personal information (names and contact details) were
entered into separate databases linked using an ID number unique to each individual
questionnaire. The questionnaire was set up as a tabbed form in Microsoft Access 2010.
Entered data were automatically recorded in related data tables that were set up for each
section of the questionnaire (Section C was split into two because of its size). Questions that
required participants to answer using a Likert scale (e.g., ‘Never’, ‘Some of the time’, ‘Most
of the time’, “All of the time”) were recorded numerically by the database software using
numbered 0-nth responses. Non-responses were recorded as ‘999" and removed prior to
data analysis. Responses to open-ended questions were recorded in full. Hard copies of
questionnaires and consent forms were kept in a locked cabinet for reference with contact
details removed and shredded as per the ethical requirements.
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2.4. Data Analysis

Statistical analyses and graphs were prepared using Minitab v 17.2.1. One-way anal-
ysis of co-variance (ANCOVA) was used to test the null hypothesis that gardening more
regularly in spring/summer or autumn/winter (independent variable) is not correlated
with an increase in fruit and vegetable consumption (number consumed yesterday), exer-
cise (number of times in the last week), or the physical component or mental component
sub-scales of the SF 36 v2. One-way ANCOVA (analysis of co-variance) was also used
to test the null hypothesis that gardening more regularly (independent variable) is not
correlated with a decrease in BMI. Age and SES scores were included as covariates in the
analysis. Gender, alcohol consumption, and current cigarette use were included as con-
founding factors. Data from the produce consumption table (Section C of the questionnaire,
Supplementary Material) were exported into a pivot table created using Microsoft Excel
2010. The annual consumption of produce (portions per year) was estimated using the
number of portions consumed per week/month of each produce multiplied by the number
of months per year this was grown (for example, for an individual who grew tomatoes for
5 months of the year and consumed 2 portions per week, the annual consumption would
be 2 x (52.3/12) x 5 = 44 portions per year).

3. Results
3.1. Demographics

One-hundred-and-twenty participants filled in and returned completed questionnaires.
The minimum age of the gardeners studied here was 30 years with a maximum of 85 years
and an average (mean) of 59 years (under 18 was not included in the study). The study
included 58 males and 56 females (6 respondents did not indicate their gender). Half of
the respondents (50%) were currently employed, with 38% indicating that they had retired
prior to receiving the survey. Reported household incomes of participants were similar to
data for the East Midlands region (Figure 1). The majority of respondents (66%) stated that
they held a qualification equivalent to a bachelor’s degree or above.

3.2. Participation in Gardening Activities

Out of 120 participants, 109 had access to a garden at home and 90 had access to an
allotment. The participants varied in their engagement with gardening. Some participants
reported gardening less than once a month whilst others reported gardening every day. One
individual who had access to an allotment reported not doing any gardening. Individuals
that had access to an allotment generally reported gardening more regularly than individu-
als that did not. The regularity with which participants took part in gardening activities
was strongly dependent on the season. Participants who had an allotment were more likely
to spend several hours in their allotment in spring/summer than autumn/winter. Most
participants that had access to an allotment reported spending at least one hour on their
allotment per visit regardless of season (94% of all respondents in spring/summer and 80%
in autumn/winter).

Participants reported engaging in a wide range of gardening activities. As well as the
pre-selected gardening activities in the questionnaire, participants also reported spending
a lot of time maintaining hedgerows and outbuildings. Moderate intensity activities [23],
including digging, raking, weeding, and tying plants to stakes, were performed to some
extent by most of the respondents (Figure 2). More than two-thirds (n = 80) of the partici-
pants reporting either spending ‘some’ or ‘a lot” of their time digging or weeding. Tying
plants to stakes or raking the soil were less common activities, with the majority (more than
60) of respondents reporting spending ‘some’ or ‘a little” of their time performing them.
Low intensity activities [23], including watering with a watering can, harvesting produce,
and cutting stems/flower heads, were also performed to some extent by most participants.
The majority of respondents (more than 60), reporting spending ‘some’ or ‘a lot” of their
time watering with a watering can and ‘some’ of their time harvesting produce. Fewer
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participants reported spending much of their time cutting stems and removing flower
heads (Figure 2).
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Figure 1. Comparison of annual household income (AHI) reported by participants in the gardening
and health survey (gardeners), with estimated AHI from the East Midlands (ONS, 2017). Annual
household income for gardeners was calculated using the mid-point of the categories over which
AHI was assessed in question D18 from the questionnaire (Supplementary Materials).
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Figure 2. Histogram of responses (counts) describing the amount of time gardeners spend engaged
in different activities. Key: AN = ‘almost none’, AL = ‘a little’, S = ‘some’, ALT = ‘a lot’ and
AA =‘almost all’. Bars show counts in each category out of 120. Non-responses are not recorded in
the figure but amounted to a maximum of three for any one category.

3.3. Trends in Produce Growth and Consumption

The most commonly grown produce by the survey participants were potatoes and
tomatoes, which were grown by 78% of participants that grew some kind of produce
in their home garden, allotment garden, or elsewhere (GYO gardeners; n = 118). Leafy
produce, including lettuces and herbs, known to accumulate Cd [36], were also grown by
a large proportion of GYO gardeners (60 and 64% of gardeners grew lettuces and herbs,
respectively). Consumption of some produce, such as berries, only occurred for a few
months of the year when the produce was in season (although some participants did report
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consuming homemade jams and conserves all year round). Others, such as herbs, were
grown and consumed fresh all year. Fruits were found to be grown and consumed more
often than leaves, roots, or other edible tissues (Table 1). Consumption of GYO produce
was found to contribute to an average of 627 portions, per person, per year. Using a crude
conversion of one portion of fruit and vegetables ~ 80 g fw, this equated to an average
consumption of ~960 g fw person~! week ! of all home-grown produce in the diet. The
amount of produce grown by participants in the study varied substantially between those
who grew and consumed none to those who grew and consumed 30+ different types of
produce (Figure 3). Participants who had access to an allotment generally grew more
produce than participants that did not, but some home gardeners still reported growing
over 20 different types of produce in their gardens (Figure 3).

Table 1. Produce consumption by produce group. Consumption of produce in g/week was cal-
culated using a conversion factor of one portion ~ 80 g fw (NHS, 2015). Values are averages
(mean) + standard deviation.

Produce Grou Consumption Consumption
P (Average Portions/Year) (Average g fw/Week)
Flower 16 £ 19 24 £29
Fruit 124 £+ 107 369 + 164
Leaf 131+ 74 201 £ 114
Root 137 £ 71 209 £110
Tuber 66 £33 102 £ 51
Other 1+7 2410
Total 627 £ 230 960 £ 353
30
Allotment?
s
= Yes
g 25 |—— No
8
=
E 20
&
2 15
QJ
<)
=
S 10
g
Q
E s
gl
ol
1 21 41 61 81 101
Participant

Figure 3. Number of types of produce grown per gardener surveyed. Two individuals did not grow
produce whilst another two failed to respond to this section of the survey.

Preparation methods were dependent on the type of produce. Berries such as blue-
berries were not washed (washed by 33% of growers), whilst root/tuber vegetables such
as potatoes and parsnips were more often washed than not (Table S1). Root produce was
commonly peeled prior to consumption (Table S1). The contribution of GYO produce,
compared to shop-bought produce, to the diet also depended on the type of produce.
Commonly grown and consumed produce such as potatoes and tomatoes were normally
supplemented with shop-bought produce. Less commonly consumed produce or produce
that was expensive or a rarity on supermarket shelves, such as damsons and fennel, tended
to be sourced completely from allotments and gardens (Table S1).
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3.4. Lifestyle
3.4.1. Fruit and Vegetable Consumption

The contribution of GYO produce to the diet was hypothesised to correlate with
increased fruit and vegetable consumption for participants who more regularly took part in
gardening activities than those who did not. The results of a one-way ANCOVA suggested
a significant (p = 0.037) relationship between regularity of gardening in autumn/winter and
an increase in fruit and vegetable consumption. From Figure 4A, it can be observed that
taking part in gardening more regularly in autumn/winter appeared to be correlated with
increased fruit and vegetable consumption. The exception to the trend was for gardeners
who took part in gardening activities most days (n = 10), who appeared to consume
fewer portions of fruit and vegetables than gardeners in the other categories. The mean
consumption of fruit and vegetables on the previous day for all participants (n = 119) was
4.1 portions. Men reported consuming 4 portions on average, whilst women reported
consuming an average of 4.1 portions. These values were higher than averages for the East
Midlands region of 3.4 and 3.6 portions for men and women, respectively [27].

Frequency of exercise per week (30 mins or more)
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Figure 4. Cont.
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Figure 4. Gardening and lifestyle factors; (A) self-reported fruit and vegetable consumption (portions)
over the previous 24 h and regularity of gardening in autumn/winter, (B) self-reported frequency of
moderate exercise in the previous week and regularity of gardening in autumn/winter, (C) regularity
with which participants took part in gardening activities in autumn/winter and BMI (kg m~2). Boxes
show 25th, 50th and 75th percentiles; whiskers show 1.5 x IQR and * shows outliers.

3.4.2. Physical Activity

The UK government recommends that individuals should perform some form of
moderate (e.g., walking or gardening) or more intensive exercise of 30 min or more on five
separate occasions per week [37]. Most of the participants in the present study (71% of
men and 51% of women) reported meeting the recommendations in the previous week
(Figure 4B). This compared to only 39% of men and 29% of women who met the same
government recommendation in 2008 [37]. Increased regularity of gardening activities in
autumn/winter was found to be positively correlated with increased occasions of moderate
or more intensive exercise by participants (one-way ANCOVA: p = 0.008).

3.4.3. Body Mass Index (BMI)

Body mass index was calculated from self-reported height (m) and weight (kg). The
average (mean) BMI was 25.3 kg m~2 for male participants (n = 56) and 25.5 kg m~2 for
female participants (n = 50) (six participants did not provide their gender and/or height
and weight which were used to calculate BMI). This compared to an average (mean) BMI
for the general population (UK) of 27.4 kg m~2 for men and 27.1 kg m~2 for women [37].
There was no significant correlation between reduced BMI and regularity of gardening in
spring/summer or autumn/winter (one-way ANCOVA: p = 0.675 and 0.341, respectively)
(Figure 4C).

3.4.4. Alcohol Consumption and Cigarette Smoking

Alcohol consumption and cigarette smoking were recorded as confounding factors
that could influence health outcomes from gardening lifestyles. Whilst not used directly in
the analysis presented here, more details of a wider risk analysis including confounders
can be found in Stubberfield [38]. A large majority, 88% of the study population, reported
consuming alcohol in the last week to some extent. Over half (53%) of the study population
consumed > 10 units in the previous 7 days; 5% of the study population consumed more
than 30 units in the same time period. The number of participants that reported drinking
in the last week was higher than data from a national survey (67% of men and 53% of
women [28]). However, the number of ‘binge” drinkers (those drinking more than double
the recommended amounts at the time of the study: 14 units for women and 21 units for
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men) in the national survey was much higher than the data for the current survey, consisting
of 31% of men and 24% of women [28]. Nearly half (45%) of the study participants reported
that they had smoked regularly at some point in their lives. Of those who smoked cigarettes,
only 22% reported smoking the previous day. The median number of cigarettes smoked
was between 6 and 20, consistent with the national average of 12 cigarettes per day [29].
No individuals reporting smoking more than 30 cigarettes on the previous day.

3.5. Short Form 36 v2 Responses
3.5.1. Physical Component Scores

Scores from the physical component summary (PCS) suggested that gardeners in the
study population had better physical health than the US population from which the survey
was constructed. The mean PCS score was 51.8:51.0 for males and 52.7 for females. The
scores were negatively skewed by some individuals in the study population scoring much
lower than the 50 norm. When scores were adjusted for age and gender, older participants
(age 45+) in the present study scored significantly higher than normalised scores from
the US population (Table 2). Scores from the different sub-components forming the PCS
were similar across age groups and genders. There was a significant increase in the PCS
scores of gardeners who gardened more regularly in autumn/winter (p = 0.011). PCS
scores appeared to increase with gardening regularity, but the increase appeared to reach a
threshold for participants gardening once a week or more (Table 2).

Table 2. Physical component summary (PCS) and mental component summary scores from the SF 36
v2. Means for individual age and gender categories were compared to means from Ware and Kolinski
(2001) [35] using a t-test.

PCS MCS
Gender  Ase » Gardening Ware Statistical Gardening Ware Statistical
& Survey (2001) [35] Difference Survey (2001) [35] Difference
mean SD mean p value mean SD mean p value
35-44 3 49.86 4.81 51.97 0.527 4411 5.79 50.80 0.183
Mal 45-54 10 56.32 6.04 50.90 0.019 49.24 7.05 49.93 0.764
ale 55-64 11 53.23 5.90 48.05 0.015 52.58 8.14 52.48 0.967
65+ 30 47.85 9.84 43.51 0.022 56.18 4.70 51.48 <0.001
18-34 2 56.46 4.07 53.10 0.451 48.76 5.46 46.66 0.683
35-44 6 44.46 10.82 51.65 0.164 49.64 9.25 48.44 0.764
Female  45-54 12 53.49 7.99 47.90 0.034 51.59 7.33 50.69 0.679
55-64 19 54.37 4.76 47.51 <0.001 53.11 6.29 51.79 0.372
65+ 15 53.24 6.05 4217 <0.001 55.10 4.85 53.02 0.119
All 52.0 8.2 (50) - 52.3 7.8 (50) -

3.5.2. Mental Component Scores

Scores from the mental component summary (MCS) were also higher than norms
from the US population from which the SF 36 v2 was constructed. The mean MCS score
from across the study population was 52.8; 53.0 for males and 52.5 for females respectively.
The scores were negatively skewed by some individuals in the study population scoring
much lower than the 50 norm. The scores from the study population were not significantly
different from the mean scores in the US population when adjusted for age and gender
(Table 2). Scores from the different sub-groups forming the MCS were similar between age
and gender categories. There was no increase in MCS scores for participants who took part
in gardening activities more regularly in autumn/winter or spring/summer (p = 0.649 and
0.165, respectively).
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4. Discussion
4.1. Health Risks

Health risks from gardening are primarily related to chronic and sub-chronic exposures
to soil contaminants, although some acute risks from, e.g., pesticide usage can occur.
Exposure to heavy metals from gardening on urban and allotment soils is increased through
increased consumption of GYO produce and increased incidence and duration of garden
visits [22]. Plant uptake of metals varies according to the metal and edible plant tissue
consumed [39,40]. In many urban settings, exposure to cadmium and lead are often of
relatively highest concern owing to the low toxicological threshold (especially for Cd) and
the ubiquitous nature of these pollutants [41].

For exposures to Cd, the main route for gardeners is expected to be through the
consumption of produce, as Cd is very bioavailable in soils [42]. Potatoes and tomatoes, the
most commonly grown produce by gardeners in this study, do not readily take up Cd [39],
whereas leafy vegetables such as lettuces tend to accumulate Cd more readily [43]. The
main contribution of Cd from produce grown by the study population was estimated to be
from fruits and leaf vegetables [38]. Fruits were consumed more than the other produce
types, and Cd accumulates in leafy vegetables. This suggested that reducing both the
amount of produce and the amount of leafy produce consumed from urban gardens and
allotments could be viable methods to reduce exposures to Cd.

The main exposure route to Pb for urban gardeners is likely to be through soil inges-
tion, as Pb is not readily taken up into produce (e.g., [44,45]). Inadvertent soil ingestion is
linked to the number of hours gardeners spend on their gardens or allotment plots [22], as
well as consumption of soil particles adhered to crop plant surfaces. The regularity and
duration of visits to gardens were found to be strongly dependent on season (Figure 4A,B).
Lead exposures are particularly pertinent for children, who may suffer from developmental
toxicity as a result [16,46]. Reducing the amount of time children spend playing in urban
soils may help to reduce their exposure. Furthermore, practices including wearing gloves
and removing dust-ridden clothing prior to entering the house could further reduce ex-
posures from soil Pb [4]. At least two-thirds of participants in this study reported peeling
root vegetables prior to consumption. Most participants also washed produce prior to
consumption, which also helps to reduce Pb exposure from soil particles adhered to pro-
duce [25]. The contribution of produce such as berries, which are commonly consumed
without washing, to Pb exposures should also be considered.

There was a large variation in gardening practices and routines among participants
in the survey. This could result in considerable under/over estimation of risk estimates
if this individual-level variability in exposure is not accounted for [47]. In a review of
risk assessment models, Swartjes (2007) [48] found variations in model outputs of adult
exposure to be between one and two orders of magnitude. Swartjes (2007) [48] postulated
that variation in model outputs could arise because of differences in model inputs and
estimates of exposure. Stubberfield (2017) [38] showed that risk assessment models CLEA,
RBCA, and RIVM may all under- or over-estimate plant uptake of metals by up to two
orders of magnitude. The variation in both Cd and Pb exposures among gardeners in this
study is likely to vary considerably among gardeners because of the differences in produce
consumption, number and duration of garden visits, adding further variability to estimates
of health risks. The inclusion of self-reported data on exposure, such as number and
duration of visits to the garden, may help improve the accuracy of site-specific assessments.
Assessing fruit and vegetable consumption in Section C of the questionnaire was difficult,
and a number of participants in a pilot study reported this section difficult to answer.
Pre-selection of produce in the questionnaire may have contributed a source of bias but
reduced the amount of time participants spent answering this section. Another approach
can be using food diaries to record produce consumption or ask participants to duplicate
meals. However, these approaches are also subject to sources of bias and uncertainty and
may not necessarily offer much improvement on 24-h recall designs [49].
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4.2. Health Benefits

Whilst it is difficult to know if improved health results from gardening or is a precursor
to taking up an activity such as gardening, similarities between the results of this study
and previous studies supported the argument that gardening can help to promote healthier
lifestyles and tackle national sloth and obesity (as suggested by Leake et al., 2009 [3]). Firstly,
fruit and vegetable consumption by gardeners in this study was found to be correlated
with the amount of gardening individuals did in autumn/winter and was greater than
fruit and vegetable consumption, on average, of the UK general population. Two other
studies have observed an increase in fruit and vegetable consumption among gardeners
compared to non-gardeners [5,7]. Levels of physical activity were also found to be higher
in our study than regional averages. This was supported by Van den Berg et al. (2010) [32],
who found that physical activity levels in summer were significantly higher for gardeners
compared to non-gardeners. Furthermore, the mean BMI of participants in this study
(25.4 + 4.0 kg m~2) was very similar to the mean BMI of participants in two other UK-
based studies of allotment gardeners (25.5 & 3.3 kg m~1[11]; and 25.5 + 3.5 kg m~2[9]), as
well as being lower than national averages.

This is the first study (to our knowledge) to find a relationship between gardening
more regularly (in autumn/winter) and the physical component of the SF 36 v2. The
median PCS score (53.8) observed in this study was similar to the median PCS score of
53.5 observed by Hawkins et al. (2011) [11] for a group of allotment gardeners. Another
study, Park et al. (2009) [6], found a significant improvement in the physical component
scores of the SF 36 v2 for gardeners, compared to a non-gardening control group. Park et al.
(2009) [6] and Hawkins et al. (2011) [11] did not observe a difference between gardeners and
non-gardeners in the mental component score from the SF 36 v2. The physical component
scores from this study were also significantly higher for older participants, compared to
means from a Western population [35]. This supported studies suggesting that gardening
may be more beneficial for the elderly generation (e.g., [33]).

There was no difference between the MCS scores in the present study and the US
population studied by Ware and Kosinski (2001) [35]. Van den Berg et al. (2010) [32]
observed that gardeners had higher life satisfaction compared to their non-gardening
counterparts, Wood et al. (2015) [9] that gardening improves self-esteem, whilst Hawkins
et al. (2011) [11] and Van den Berg and Custers (2011) [10] found a correlation between
gardening activities and reduced stress (measured by reduced cortisol production). It is
possible that the SF 36 v2 may not be a sensitive enough tool, owing to the number of
confounding factors that play a part in psychological health and well-being, to register a
potentially small effect of gardening on mental health. The relatively small sample size of
126 participants in this study is also likely to be a limiting factor in identifying correlations
between mental health and gardening exposures.

A surprising result of this study was the correlation between increased participation in
gardening in autumn/winter, but not spring and summer, and PCS scores, increased fruit
and vegetable consumption, and increased physical activity. The ANOVA used to determine
differences in lifestyle and health because of participation in gardening was unbalanced
as the number of individuals in each category (‘<once a month’, “>once a month’) etc.
was different, so the results should be treated with caution. However, participants who
did more gardening in spring/summer may not have been as active in autumn/winter
(Figure 5), reducing the impact gardening may have had on their overall lifestyle, health,
and well-being.
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Figure 5. Scatter plot showing the relationship between gardening regularity in spring/summer and
autumn/winter. Darker points indicate higher frequency of responses.

5. Conclusions

This study is the first to consider, and estimate, the influence of gardening routines
on exposures to both health benefits and health risks. This holistic approach helped to
contrast the healthy lifestyle of gardening with health risks from exposures to Cd and Pb
in urban environments. The data from this survey were used to underpin a novel risk
assessment model that balanced the trade-off between health benefits and health risks for
urban gardeners [38].

Practical measures may help to reduce environmental Cd and Pb exposure for garden-
ers, whilst still allowing gardeners to enjoy and maintain a healthier lifestyle. Reduced
exposures to Cd could be achieved by reducing the consumption of home-grown produce,
especially leafy produce grown on urban gardening spaces, and through soil amendments
to reduce the bioavailability of Cd [4]. Reduced exposures to Pb could be achieved through
wearing gloves, washing and peeling produce, and reducing the amount of time children
spend playing in urban garden soils. Participation in gardening was found to be beneficial
for physical health and well-being among older gardeners and for maintaining a healthy
lifestyle through increased fruit and vegetable consumption, physical activity, and a lower
BML. Participants in this study were generally healthier than national and regional aver-
ages. The benefit of maintaining a healthy lifestyle is likely to outweigh the health risks of
gardening on soils mildly contaminated with Cd and Pb but requires formal consideration
within a risk management framework.

Supplementary Materials: The following supporting information can be downloaded at https:
//www.mdpi.com/article/10.3390 /agronomy12010181/s1, The Questionnaire used in this study,
Table S1: Produce grown and consumption by gardeners. The number of participants who grew some
produce in their home garden, allotment, or elsewhere was 118. Dashes in rows indicate occasions
where data were insufficient or not applicable. The GYO contribution column is the average score
gardeners reported for column h in the produce consumption table (Section C, Questionnaire)
(0 = none from GYO, 10 = all from GYO).
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