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Abstract

:

Community gardens are often seen as a means for producing sustainable food resources in urban communities. However, the presence of trace metals and metalloids such as lead, arsenic, and cadmium in urban soils poses a health risk to gardeners who participate in urban community gardens. They are exposed to these contaminates through multiple exposure pathways such as inhalation and ingestion directly through soil or through crops grown in the soil. Hot spots of soil contamination are higher in areas of cities with greater minority populations and lower incomes. This paper reviews the state of heavy metal contamination in community garden soils across the United States. This paper outlines the major sources of heavy metals in urban soils, exposure pathways, the ways to reduce heavy metal levels in garden soils, the means to slow down the uptake of heavy metals, and limit the exposure of these contaminates. The application of biochar and compost, implementing raised beds, and maintaining a natural pH are all examples of ways to mitigate heavy metal contaminants.
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1. Introduction


Community gardens in urban environments have been increasing in popularity across the United States in recent decades [1,2,3,4,5]. There are multiple potential reasons for this uptick in interest in shared community cultivation. Cities, especially in environmental justice areas, are often the areas where there is a lack of access to nutritious and fresh food due to fresh produce not being available in these neighborhoods [1]. Fast food chains and convenience stores tend to dominate these areas and stifle out any potential competition from local grocery stores that carry fresh produce [6]. Urban gardens provide easy access to nutritious food for families as well as for the whole community. Since the food production is local, it also helps to reduce environmental footprints related to food transport and packaging. Local food production can be more resilient to other natural and man-made events, including road closures and transportation- and food-production-related issues; thus, community gardens contribute to food security in a region. During the COVID-19 pandemic, food insecurity increased by almost 4% nationwide due to high unemployment and disruptions in the food supply chain. This made it more difficult for fresh and perishable produce to make its way into urban areas [7]. Urban gardening provides affordable alternatives to the unhealthy fast food that dominates urban families’ meal options. A lot of social capital can also be gained through community gardening. Unlike suburban gardens, where a small plot of land is tended to by an individual or a few individuals, community gardens can host hundreds of people who are all working together toward a common goal: successful cultivation. This leads to an increase in the connectedness of the community as well as better mental health [2]. Local food production is also a more sustainable option. It can greatly reduce environmental and carbon footprints associated with the transport of produce and can help create a sustainable environment. Community gardens are increasing in popularity in urban areas because they provide organic produce, give time to working together with families to produce their own food, and help reduce mental stress. Community gardens are especially important in environmental justice areas because community gardens provide a venue for building the community, increasing awareness of health and environmental issues, and improving access to healthy and organic produce. The availability of resources from governmental and non-governmental organizations such as the Farm Philly Program of the City of Philadelphia and Pennsylvania Horticultural Society community garden programs in cities such as Philadelphia also help promote community garden activities in urban areas.



However, the increasing popularity of community gardens leads to an increase in the number of gardeners who are unaware of healthy gardening practices. A survey of 121 urban community gardeners in Kansas, Indiana, and Washington in the United States found that most informants did not express high levels of concern regarding soil contamination [3]. However, when trace metal contamination was specified, a majority of gardeners out of the 472 surveyed nationwide expressed interest in testing their soil for trace metals [4]. Community gardens are often established in abandoned housing or parking lots, which have historically high levels of trace metal contamination [1,5,8,9]. Most American cities do not have space for their citizens to grow gardens. Therefore, urban community gardens can be located on or near contaminated plots of land, such as brownfields or superfund sites [10]. These sites have elevated levels of contamination compared to surrounding areas and are not safe for public use unless they are cleaned up. Brownfields and abandoned industrial sites, which were used as sites for community gardens in urban areas, were mostly contaminated with asbestos, creosote, metals and metalloids (lead, mercury, arsenic, etc.), volatile organic compounds (VOCs), pesticides, and polycyclic aromatic hydrocarbons (PAHs), and superfund locations were mostly contaminated with metals and metalloids, PAHs, petroleum products, polychlorinated biphenyls (PCBs), and pesticides [10]. Many of these contaminated sites in urban areas are a result of past industrialization. Cities also have many potential sources of trace metal contamination, such as old chipping lead paint, gasoline, runoff from nearby roads, fertilizer, municipal solid waste disposal, nearby mining, and nearby smelting [11,12,13,14,15]. The lack of consideration towards soil quality could lead to community members ingesting unhealthy levels of trace metals through inhalation or ingestion [16].



Soil contamination disproportionately affects African Americans because of their high participation in community gardens [10]. African American gardeners are more concerned about soil contamination compared to other races, and they are also the most at risk [4]. The most polluted parts of urban areas tend to be the older areas that are closest to pollution sources, such as industrial areas or highly trafficked roads. This causes city centers to have higher amounts of pollution compared to the outskirts of cities [3,15,17,18]. These areas also have high poverty rates and high concentrations of people of color [19]. The United States Environmental Protection Agency (US EPA) has no specific standards for contamination within urban community gardens. The contaminants in soil that they do have thresholds for, such as lead, are not intended for gardeners but are instead created to protect children’s health in outdoor play areas [10]. The US EPA has a lead level standard of 400 ppm by weight for children’s play areas, which is the standard that many studies reviewed and used for their threshold. In 2014, they suggested a lead level recommendation of 100 ppm for gardening, citing the increased exposure pathway for gardeners, but this standard has not been officially recognized or implemented by the US EPA. In January 2024, the US EPA lowered the screening level for lead in soil at residential properties from 400 ppm to 200 ppm, and at residential properties with multiple lead sources to 100 ppm. States like California and countries like Finland have lower lead thresholds in soil, which are closer to the recommendation of 100 ppm (Table 1). The lack of consistent standards makes remediation very difficult.



As more people participate in community gardening, it is important for people to be aware of the risks of trace metal contamination, exposure pathways, and mitigation approaches. While the US EPA has online resources informing urban gardeners about soil contamination and how to mitigate the risks, they may not be enough to help protect urban community gardeners. These gardeners need to be educated on what standards are safe for them while they are gardening instead of what standards are safe for children on playgrounds. Existing standards on trace metal concentrations in soils need to be updated and specialized to urban environments, and new standards need to be created. The US EPA recently updated screening level guidance for lead in soil of residential areas where children live and play. Informing the public regarding dangerous and natural background concentrations of trace metals is also essential for proper testing, regular monitoring, and minimizing risks, and this article also addresses these topics. In this paper, we selected and reviewed published manuscripts in the United States concerning trace metal and metalloid contamination (Pb, As, Cd, and Zn) in urban community gardens. Studies on trace metal contamination in community gardens have mainly focused on quantifying lead contamination, mapping contamination in the region, assessing the relationship with land uses and local contaminant sources, analyzing variations in geographical regions, comparing concentrations to the available public health guidelines, measuring the speciation and mobility of metals and metalloids, and examining the influence of garden characteristics such as raised beds [1,11,13,14,15,17,20,21,22,23,24,25]. This paper presents the plant uptake of trace metals, various exposure pathways to trace metals in community gardens, environmental justice issues, the effect of soil pH and plant nutrients on trace metals, and various soil remediation applications.




2. Method


An integrative review of manuscripts published on trace metal contamination across the United States was carried out. The relevant literature was searched for in two databases: Web of Science and PubMed. The key phrase “community garden” was searched, and the results were increasingly specified by using the word “contamination” and then “USA”. These two keywords narrowed the results down from 13,971 to 87 articles in the Web of Science database and down from 3719 to 42 on the PubMed database (Figure 1). The phrase “urban garden” was also searched, which yielded 8852 results on Web of Science and 1824 results on PubMed. The results were refined using the words “metals” and then “USA”, which took the number of articles down to 111 and 47. The keyword “USA” was chosen to eliminate studies from outside of the United States, but there was no limitation put on the age of the articles.



After refining the results through search queries, the titles and the abstracts of the articles were read to see if the articles were relevant to trace metal and metalloid contamination. Articles solely focusing on the contaminant uptake by plants and by humans, soil not in community gardens, soil remediation studies, and studies performed outside of the United States were excluded from the literature review. After screening the articles, 40 relevant articles from Web of Science and 27 articles from PubMed remained. Duplicates of the articles that appeared in the second database search were then removed, which left a total of 52 articles for review. The initial search using the terms “community garden” and “urban garden” resulted in thousands of results. Therefore, the total number of articles published on soil contamination is expected to be greater than 52 articles. Expanding to various other terms besides the terms “contamination” and “metals” and including other databases may likely increase the number of published articles on this topic. In this article, we mainly included the articles that resulted from the queries shown in Figure 1.



The literature review involved two researchers who read about half of these articles and determined whether the information was applicable to the literature review. Our main focus was to include articles that measured trace metal contaminants in community gardens within the United States. After reading all of the articles, we removed 18 articles, leaving only 34 relevant articles. The main criteria for elimination were not including the measurement of trace metals in the soils of community gardens. Even if the main purpose of the review article was not to focus on urban soil contamination in community gardens, if data were taken from urban gardens, the article was included because the data were still relevant to the review. We also included literature review articles because they contained relevant information and data. We also included additional relevant articles and website resources that provided useful information for this review but did not result from the above search criteria.




3. Soil Contamination in Urban Community Gardens


3.1. Lead (Pb)


Lead is a non-essential element and is not known to be required for plants. Most of the papers published on trace metal contamination within urban community gardens include or solely focus on lead contamination. This is likely because there are multiple sources of lead soil contamination in urban environments, such as waste incineration, coal and oil combustion, the historic use of leaded gasoline, paints containing lead and other metals, and the demolition of old housing [5]. Thus, lead is likely to be the main concern for environmental contaminants in urban gardens. Lead is mainly present in fine particle sizes [22]. The acute health effects of lead include nausea, headaches, poor appetite, weight loss, renal dysfunction, fatigue, and sleeplessness, and the chronic health effects of lead include intellectual disability, birth defects, brain damage, and kidney damage [26]. The US EPA has set soil guidelines that safe lead levels should not exceed 400 ppm for children’s play areas or 1200 ppm for all other areas of a yard, which was recently decreased to 200 ppm. In 2013, the US EPA Technical Review Workgroups Lead Committee created a recommendation of 100 ppm for urban gardeners; however, none of the studies used in this literature review used this recommendation as a standard [15]. These regulations are important so that the public can quantifiably determine the health of their soil. However, the US national standard of lead is high compared to other areas of the world, which has prompted some states to set their own standards (Table 1). For example, the California Office of Environmental Health Hazard Assessment uses a guideline of 80 ppm [15]. Lead levels in Oakland, California, were lower than the US EPA recommended level of 400 ppm but higher than the California Human Health Screening Level of 80 ppm [14]. A shared standard based on scientific evidence on the risks to human health should be established so that people will be able to discern unsafe amounts of lead in their soil from safe and naturally occurring lead [10].





 





Table 1. The safe level of lead set by various agencies and countries.
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	Location
	Residential Area Lead Standard (ppm)





	Finland (Europe) *
	60



	California
	80



	World Health Organization
	85



	Canada
	140



	USEPA
	200



	Connecticut
	400



	New York
	400







* The Finnish standard values represent a good approximation of the mean values of different national systems in Europe, and they have been applied in an international context [27]. This is not the complete list of standards, but it is compiled to show the variation in safety standards across different nations and US States.











If urban soils in old industrial cities were analyzed using California lead guidelines, 55–77% of the soils in Schwarz’s study would be found to contain unsafe lead levels [15]. The 400 ppm standard for the presence of lead in residential soil was set in 1994 by the US EPA with the intention of limiting the exposure of children to lead and keeping their blood lead levels below 10 µg/dL. When the Center for Disease Control and Prevention (CDC) updated the action level for blood lead levels in children from 10 µg/dL to 5 µg/dL in 2012, the US EPA did not update their soil standard for lead and has done it only recently in January 2024. This standard is also not directly relevant to gardeners in urban areas because they are exposed to different pathways and amounts of lead than the average child in a residential area. The CDC has further updated the reference value for blood lead levels in children from 5 µg/dL to 3.5 µg/dL in 2021.



Lead occurs naturally in uncontaminated surface soils in the United States at 22 ppm [28]. However, uncontaminated soil and contaminated soil can exist close to each other, which can cause lead levels to vary across a single garden. Furthermore, the resuspension of lead-containing dust/soil particles can spread lead from contaminated sites to uncontaminated sites across a city. The lead levels in soil across cities such as Baltimore and New York City have stark rural-to-urban lead gradients. In Chicago, Illinois, lead levels were five times greater in metropolitan area soil samples compared to rural forest soils [15]. Cities such as Baltimore have seen lead contamination in soil even two decades after a ban on lead-based fuel and lead paints [15]. Soil samples taken from community gardens in Philadelphia and Pittsburgh, with legacies of industrialization, had higher concentrations of lead than samples taken from suburban locations [21]. There was lead contamination in the soils of Philadelphia due to nearly 150 years of the operation of industrial facilities producing paint and other lead-bearing products [29]. Summary of four trace metal and metalloids (Pb, As, Cd, and Zn) across community gardens in the US are given in Table 2.



Within cities, high levels of variation can occur between neighborhoods, backyards, or garden beds. Lead hot spots generally exist in lower-income areas and along roof drip lines, by driveways or roadsides, and wherever lead-based paint chips are present [30,31]. This is due to lead having a high spatial variability across sites, especially within residential areas due to high activity [22]. Lead concentrations were below 200 ppm and above 600 ppm within the same 10 × 10-foot garden plot in a community garden [22]. The disparity between lead concentrations within a small area highlights the need for thorough testing in community gardens and widespread remediation tactics. Applying a combination of compost and biochar can reduce the availability of lead, and applying a cover and using no-till agricultural practices will reduce lead mobilization [8,12,22,32]. However, the presence of dissolved organic carbon and other soil characteristics may affect the results, and this application may increase the bioaccessibility of arsenic. Therefore, monitoring for soil contamination should still be continued.





 





Table 2. Lead levels across urban community gardens in the US.
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	Location
	Pb

(ppm)
	As

(ppm)
	Cd

(ppm)
	Zn

(ppm)
	Number of Gardens
	Number of Samples
	Type of Site





	Aspen, CO, USA [33]
	172

(9.2–808)
	_
	2.5

(0.2–14.2)
	120

(8.4–484)
	65
	>195
	Former mine dump sites



	Baltimore, MD, USA [23]
	104.5

(7.4–130.4)
	3.7

(0.2–13.5)
	1.4
	139.7

(39.7–542)
	104
	616
	Urban



	Boston, MA, USA [34]
	130

(117–170) a
	30–39 b
	_
	_
	3 (88 plots)
	
	Traffic, industrial



	Cleveland, OH, USA [35]
	224

(14–1241)
	15

(7–58)
	1.2

(0.5–2.5)
	197

(83–543)
	_
	65
	Vacant lots



	Detroit, MI, USA [30]
	151

(17–882)
	_
	_
	_
	2
	80
	Urban/residential



	New Orleans, LA, USA [36]
	38.4

(1.4–9540)
	3

(0.7–61.7)
	0.318

(0.248–8.8)
	91.5

(17.8–7330)
	27
	appx. 600
	Urban/Suburban; backyards and community gardens



	New York City, NY, USA [1]
	102

(11–2455)
	5.7

(<5.3–93.2)
	<0.4

(<0.4–3.1)
	138

(21–2317)
	54
	564
	Urban/residential



	New York City, NY, USA [24]
	600

(3–8912)
	12

(0.9–7.6)
	1.6

(0.1–11)
	327

(35–2352)
	905
	1652
	Urban/residential



	Oakland, CA, USA [14]
	47–326
	_
	_
	_
	3
	6
	Urban/residential



	Philadelphia, PA, USA [21]
	47.6–351.4
	0.9–9.6
	0.1–1.4
	177.4–936
	11
	78
	Urban



	Philadelphia, PA, USA [21]
	10.3–185.5
	0.77–3.22
	0.2–0.5
	39.2–158.5
	5
	24
	Suburban



	Pittsburgh, PA, USA [21]
	83.1–232.9
	1.9–11.4
	0.2–1.3
	110.9–237.9
	5
	20
	Urban



	Roxbury and Dorchester, MA, USA [11]
	950

(80–3680)
	_
	_
	_
	141
	692
	Backyard







Boston, MA: a compost soil; b CCA-bordered garden plots.












3.2. Arsenic (As)


Arsenic accounts for 1.5–2 ppm of the continental crust, making it the twentieth most abundant element on Earth. Arsenic can cause brain damage, cardiovascular and respiratory disorders, conjunctivitis, dermatitis, and skin cancer. Zinc can cause ataxia, depression, gastrointestinal irritation, hematuria, icterus, impotence, kidney and liver failure, lethargy, macular degeneration, prostate cancer, seizures, and vomiting [37]. Past mining activities caused arsenic contamination in neighboring communities in Nevada County in California [16]. It can substitute for sulfur in soils, and the majority of arsenic found in soils is found in its inorganic form [38]. California has elevated levels of arsenic in its soils compared to the rest of the United States, with a median background level of 5 ppm [25]. Arsenic is another common contaminant often found in urban gardens and, along with lead, is the most common contaminant cited as a source of toxins [5]. The natural source of arsenic is bedrock, while anthropogenic sources include mining and smelters [39]. Pesticides used in gardens are a common source of arsenic. Similar to most trace metal contamination, it is transported mainly through deposition from air or leaching from source materials [25]. Garden timbers and creosote railroad tires used to construct raised beds were also common sources of arsenic leaching. In addition to these sources, fertilizers, lime, composts, or sewage sludge may also contribute to arsenic pollution in urban soils [39]. Phosphate-based fertilizers can be especially problematic in terms of arsenic. The continued application of coal and wood ashes can also increase arsenic levels in the soil [39].



The three gardens chosen differed in age, but all were located in urban areas, had at least 27 plots, and were bordered by materials with high contents of PAHs and arsenic, such as creosote railroad tires or chromated copper arsenate (CAA)-treated lumber. CAA was historically used as a wood preservative. During sampling, the levels of PAHs and arsenic in the soil rose closer to the border [34]. Clarke [25] also reported finding correlations between CAA-treated wood and its effect on arsenic levels in soil. In this study, 30% of gardens not lined with CAA-treated wood were above California’s background arsenic levels of 5 mg/kg, while 68% of plots containing treated wood exceeded it [25]. From soil, plants can uptake arsenic as arsenate or arsenous acid, which may cause increased arsenic levels in crop plants [39].



Arsenic is found to be more available in soils that have an organic matter content of less than 20 percent; therefore, raising the organic matter level would help reduce arsenic levels [25]. While phosphate-based soil amendments are common solutions to reducing lead in soils, they have been found to increase the mobility of arsenic in the soil, which results in greater plant uptake. Triple Super Phosphate (a phosphate-based fertilizer), manure compost, and raised-bed treatments all increased the extractability of arsenic in soils by 101%, 56%, and 114% while reducing the extractability of lead [32]. The increased arsenic solubilization and extractability from phosphate amendment and raised-bed treatments show that these remediation strategies may not be feasible for soils contaminated with both lead and arsenic. There is no single solution for dealing with trace metal and metalloid soil contamination, so solutions should be determined on a case-by-case basis.




3.3. Cadmium (Cd)


Cadmium, along with lead and arsenic, is among the top 10 hazardous substances in terms of public health and is also one of the most detected metals in community garden soils [4,8,13]. The health effects of cadmium include renal dysfunction, bone damage, coughing, emphysema, headache, hypertension, lung and prostate cancer, lymphocytosis, microcytic hypochromic anemia, testicular atrophy, and vomiting [26,37]. Cadmium is currently used in tires as a stabilizer and is present in vehicle exhaust, which explains why cadmium levels decrease with distance from roads in cultivated soils. Exchangeable concentrations of both cadmium and arsenic were found to increase with age and proximity to roads in a study of community garden soils in Los Angeles, CA [25]. In garden settings, it has been historically used in mineral phosphorus fertilizers and is present in treated wood that is used for raised beds. The application of sewage sludge and atmospheric deposition can increase cadmium levels in the soil. These practices increase cadmium concentrations in gardens over time [25]. Atmospheric deposition and phosphate fertilizers may be one of the main causes of increased cadmium levels in modern soil [40]. Cadmium is bioavailable in soil and is readily taken by food crops [8]. Therefore, even small concentrations may be of concern as the uptake rate is likely greater. Cadmium has high toxicity and a high residence time. The bioavailability of cadmium in soil also lasts for a long time [40]. The bioavailability of cadmium can be higher than lead and arsenic [25]. In comparison to arsenic and lead, cadmium has high bioavailability in crops [25]. Thus, cadmium in garden soils can be of great concern. The ingestion of food crops grown in contaminated soils is the most common exposure pathway of cadmium. The dietary intake of cadmium may constitute as high as 90% of cadmium exposure in the general population [40]. A case of ‘itai-itai’ disease, a bone disease with fractures and severe pain, in the early 1950s in Japan caused by the consumption of rice grown in cadmium-contaminated soil brought attention to the toxicity of cadmium from food crops [40]. Toxicity and mortality may occur from a total lifetime intake of 2–10 g of Cd or severe poisoning from a daily intake of 300 µg/day of Cd [40].



Cadmium concentrations in crops may increase with increasing total soil cadmium concentrations, decreasing soil pH, zinc deficiency, and decreasing %organic matter at a constant total Cd; therefore, soil liming, organic amendment, and zinc fertilization may help reduce cadmium uptake in plants [40]. Gardeners can attempt to mitigate cadmium contamination by using biochar or adding zinc to the soil [8]. Background cadmium levels in the soil are 0.6 mg/kg, and the recommended cadmium intake is 70 µg per day [41]. Urban garden soil can exceed the background level [5,25].




3.4. Zinc (Zn)


Zinc, unlike some other trace metals, is relatively nontoxic to humans and is necessary for plant nourishment [42]. It is also beneficial to reduce cadmium uptake by plants, limiting its toxic exposure to humans [8]. Elevated levels of Zinc in the soil can occur from atmospheric deposition, zinc smelters, zinc mines, and the application of fertilizers and sewage sludge [43]. Zinc concentrations are increased in soils with decreased soil pH [43]. Both cadmium and zinc have high leachability compared to that of other trace metals in soils, but their mobility can be decreased by increasing soil pH [17]. Increased soil cation exchange capacity (CEC) can decrease zinc toxicity [43]. When comparing produce grown in urban areas to nonurban areas, zinc concentrations were higher for every type of produce sampled except for sweet potatoes [23]. Zinc is often found in soils by roadsides, which is likely due to the use of zinc in tires and pesticides [1]. In comparison to other trace elements such as Pb, As, and Cd, zinc deficiency and low bioavailability in soils can also be a concern [43]. The concern of toxicity from crops related to high Zn in the soil is low because the phytotoxic effects limit excessive zinc transfer to the food chain [43].



Zinc is an indicator metal, which means that when it is present, it is likely that other trace metals, such as cadmium, will also be present. Instead of gardeners paying for multiple trace metal tests, they can only pay for a zinc test, which is more affordable than a lead or other trace metal test (USD 10–USD 15 per sample) [1].





4. Plant Uptake of Trace Metals


In addition to the inhalation of soil dust, another major concern surrounding trace metal contamination in urban community garden settings is plant uptake. The phytoavailability of trace metals, like lead, is dependent on many factors, such as solubility in the soil, plant nutrient status in the soil, the physiology of each plant species, and heat or moisture stress [20,23,28,34]. Produce grown in contaminated soil can uptake available forms of metals through their root system [20,23,28,34]. This process can transport trace metals from garden soil, where only gardeners and people near the garden can be exposed, to people’s homes and their kitchen tables. There is some awareness among gardeners that growing crops in contaminated soil is the greatest risk associated with community gardening in an urban area [5]. Research shows that urban-grown crops and rural-grown crops have similar levels of trace metal uptake [23]. In one study, there was little to no association between the levels of lead in contaminated garden soil and the lead levels in plant tissue [23].



Although fruit trees are not commonly grown in community gardens, previous studies have shown that fruit trees grown in contaminated soil can also uptake trace metals. Metals are taken up by fruit trees because they are essential nutrients for growth. Fruits usually contain nontoxic metals such as copper, magnesium, and zinc. Only in the leaves of the tree were there toxic trace metals and metalloids, such as lead and arsenic [6]. Leafy vegetables and root vegetables have higher amounts of trace metal uptake compared to fruits and nightshade vegetables (eggplant, tomato, potato, etc.) [5]. Some plants do not uptake trace metals due to their physiological structure. Root vegetables and leafy plants might see trace metals as nutrients, and others do not [10]. Multiple studies have supported this link between plant species and trace metal uptake. The highest levels of lead were found in root vegetables across urban and nonurban areas [23]. Because 95% of lead is absorbed in the roots of vegetables, vegetables like carrots, turnips, beets, and radishes are more susceptible to contamination [17]. In one study [32], a majority of onions were found to have a lead content that was above the European Union’s lead standard for roots and crops after being grown in untreated soil with 80–92% lead bioaccessibility. The arsenic content in the soils was 93%, leading to half of the onions uptaking >0.1 mg/kg [32]. The addition of soil treatments, such as organic matter, and remediation efforts, such as raised beds and peeling vegetables, will help reduce the uptake of trace metals in vegetables.



High levels of trace metals were also found in the leaves of plants than in any other area [33], with high concentrations of metals being found in leafy vegetables such as lettuce or cabbage, which might be due to strong transpiration throughout the leaves as they are the main part of the plant used for photosynthesis. Root vegetables are speculated to have high concentrations of metals because lead, cadmium, and arsenic are not nutrients like copper and zinc, so they are stored in the root of the vegetable [44]. Trace metals, such as lead, concentrate in the xylem or core of vegetables. Since root vegetables have a larger xylem compared to fruits or nightshade vegetables, there is an increased amount of stored toxic trace metals [28].



There are also studies that suggest that high levels of metals in soils may not be indicative of high levels of metals in produce grown in that soil [20,23]. However, lead in chicken eggs was associated with lead in garden soil, suggesting that contact between chickens and high lead-content soil should be prevented [20]. Plant uptake is dependent on the bioavailable forms of trace metals; therefore, speciation of trace metals, not only the total concentration of trace metals, will be needed to assess health risks [17]. Plant uptake of trace metals also depends on plant species, time, and soil conditions. Therefore, not all produce from gardens contaminated with trace metals may always pose a risk [17]. The conversion of bioavailable forms of trace metals, such as free ions or weakly sorbed forms, to precipitations or more stable compounds will immobilize these metals and thus lower plant uptake and prevent groundwater pollution [17].




5. Exposure


5.1. Exposure Pathways


The most common exposure pathways for trace metals in urban garden settings are the inhalation of dust particles, dermal exposure, the ingestion of soil, the ingestion of crops grown in contaminated soil, and the ingestion of contaminated groundwater or irrigation water. Soil in urban gardens can often become mobilized by drying out into dust and being picked up by the wind, which is then carried into the lungs of gardeners. This happens most often during the summer months when the climate is warmer and drier, and many people are outside. Inhalation as an exposure pathway is the most likely to increase blood lead levels and makes up three-fourths of lead exposure in toddlers [28]. A lot of contaminated dust is tracked into homes on clothes and shoes, expanding the exposure area. The inhalation of dust from outdoor gardening can expose gardeners or their families to trace metals if they track dust into the home, and incidental ingestion of dirt on produce is also a concern in urban environments [3,14,15,18]. Standard methods of household cleaning and sweeping up this dust are ineffective at reducing children’s blood lead levels [15,18]. Since soil dust makes up such a large percentage of dust in urban homes (20–80%) and there is no effective way of getting rid of it, measures should be taken to prevent the dust from entering the home in the first place by removing shoes and outer layers of clothing [30]. Windblown soil and dust can be rescued at the garden site by encapsulating the soil with unamended sediment at around a 15 cm thickness [9]. The continued placement of this layer would protect nearby residents and gardeners from inhaling contaminated soil.



When 70 gardeners from 15 different community gardeners in Baltimore, Maryland, were surveyed, 63% of gardeners mentioned that dermal contact was an important exposure pathway of contaminants, while inhalation was only mentioned by 39% of gardeners [3]. It is also important to note that these gardeners come from a higher income and educational background than the surrounding population. This might indicate that less educated gardeners or gardeners with a lower income might not be as aware of dermal contact as a risk. While dermal exposure is a pathway for trace metal contamination to make its way to people, the damage is often minimal. Dermal exposure to lead from soils is considered negligible, and the absorption rate of all metals in soils was found to be between 0.1 and 1%. To prevent dermal exposure, gardeners should wear gloves while gardening and wash their hands after gardening [45].



Crops grown in contaminated soil are susceptible to varying amounts of trace metal uptake. These metals can make their way into humans when ingested [16,20,28,34]. In urban community gardens, this might seem like a larger concern because of the high levels of contamination in the soil. However, the difference in the trace metal concentrations of plants grown in urban and nonurban environments is negligible. This shows that this is an exposure pathway for all people consuming crops, not just urban gardeners [23]. Additionally, not all trace metals present in the soil are available for uptake. Only about 10% of most trace metals are bioavailable for plants to uptake [17]. Both urban and nonurban gardeners should be aware of this exposure pathway and should attempt to limit trace metal uptake of plants in their soil. This can be carried out by applying a 10% volume-to-weight ratio of biochar and compost to limit the availability of trace metals, mainly lead, and avoiding growing too many root crops or leafy crops, as they tend to uptake more trace metals than fruits or nightshade vegetables [5,17,33].



The amount of trace metals present in irrigation water and groundwater across all cities and towns largely relates to pollution from the surrounding geographic area. Urban waters can experience poorer water quality than suburban or rural areas because of high amounts of pollution and centralized water sources [46]. In Baltimore City, one study found that 80% of irrigation water was detected as containing barium and copper, and all rain barrels, a popular way for urban residents to collect irrigation water, had lead concentrations over the US EPA drinking water action level (15 ppb) [23]. People with wells use groundwater for everything from cooking to showering. Groundwater can become contaminated with trace metals when it encounters soil, which poses a risk to people who rely on it [10].



Although urban community gardens have elevated amounts of trace metals present in the soil, this does not necessarily mean that they are at a greater risk of trace metal exposure through the crops grown there. It may depend on the selection of crops and gardening practices. Cheng et al., 2011 [17], estimated that 92% of vegetables grown in urban areas present minimal risk to the average consumer. Root vegetables, the largest harbors of toxic trace metals, are not commonly grown in New York City urban community gardens, and urban gardeners consume fewer plants than suburban gardeners due to space limitations [20]. Although Lupolt et al. (2021) found that leafy vegetables grown in Baltimore, Maryland, had higher trace metal levels compared to those grown in a nonurban setting, a large majority of them were below the World Health Organization’s recommendations for lead levels (85 ppm) in leafy vegetables [20]. The median levels of metals in urban plants compared to the median levels in nonurban plants showed no significant difference [23]. There have also been instances of the inadequate washing of crop material when testing for trace metals. If the plant is not thoroughly cleaned, metals present in the soil on the outside of the plant will be measured as part of the plant tissue [28]. The uptake of toxic metals by plants is a threat to the health of gardeners; however, not all urban gardeners are at elevated risk, and it may depend on the proximity of the garden’s location to past industrial sites and other emission sources (Table 2).




5.2. Exposure to Children


Lead is a known neurotoxin that can negatively affect a child’s neurological development, overall growth, and even academic achievement [13,22]. Approximately 412,000 avoidable deaths can be linked back to lead contamination [47]. The US EPA set the maximum contaminant level for lead in soils at 400 ppm for bare residential soils where children are likely to play [15,30,32].



The negative impacts of lead are most worrisome among children because they are more sensitive than adults to the effects of lead. Children absorb 50% of ingested lead while adults absorb under 5%; children have an air and chloric intake two to three times greater than adults, and children have high rates of hand-to-mouth activity, which can be major pathways of lead ingestion [14,15,16]. An estimated 72–91% of lead exposure in children is due to incidental soil ingestion [3]. The children of community gardeners eat more produce than adults living with gardeners and are encouraged to participate in gardening activities [20,24]. There are also benefits to children being involved in community gardens. It is great for children’s education and community involvement; however, these benefits should be properly weighed against the risks of community gardens that have contaminated soil [4]. There are multiple ways to protect children from soil-based lead exposure, such as limiting the amount of time children spend at community gardens that have contaminated soil, peeling and/or washing produce harvested from gardens, and decreasing and controlling the amount of dust (20–80% of dust in urban homes is soil dust) in and around the house by cleaning often and removing gloves and shoes before entering the house [3,22,30].



Children who live in or near major cities have higher blood lead levels than children living in more rural areas [8,11,18,22,28]. Although the CDC recently lowered the acceptable amount of blood lead levels to 3.5 µg/dL, the number of children living in urban areas with lead blood levels above 10 µg/dL is estimated to be 16% [35]. The blood lead levels of children are closely associated with city-side and soil lead levels [18]. The Centers for Disease Control, the World Health Organization, and the Mayo Clinic all state that there is no safe blood lead level for children or adults. Even low levels of lead found in the body have adverse effects on development and academic achievement.





6. Environmental Justice


Soil contamination is a worry that is largely unique to communities of color in urban areas. Historic practices such as redlining negatively affected people of color in urban environments, and the effects are still seen today. In Oakland, California, redlining in the first half of the 20th century and highway construction and deindustrialization in the second half disproportionally affected African American, Southeast Asian, and Latino communities. They were forced to live in the North, East, and West flatlands of Oakland, while more affluent rich white people got to live in the hills. The hills have much lower levels of lead in their soil and have the resources to not have to rely on community gardens for fresh produce [14]. The same trend is seen on the East Coast in cities like Boston, Massachusetts. While only 24.2% of Boston is Black or African American, the areas in the city with the highest blood lead levels of children are 45% for Black or African American in Dorchester, Massachusetts, and 53% for Black or African American in Roxbury, Massachusetts [11]. Minorities have disproportionately high rates of exposure to soil pollutants and trace metals in their communities, which may explain why Black gardeners across the country are more concerned than their White counterparts about soil contamination [4].



Community gardens in urban areas may be built in brownfields because they are typically large and unoccupied areas of land, which can be hard to come by in a city. Brownfields are largely found in large industrial areas and are disproportionately located near communities of color [48]. These properties are often contaminated by pollutants from previous activities that occurred on the site, and extensive remediation is often required to properly convert these sites into gardens that are fit to grow food and for daily human activities. Historical redlining in urban areas across the United States or lack of local government funding in minority communities could have led to increased exposure to Black and Brown communities.



The median household income from urban garden cold spots of lead levels to hot spots of lead levels decreased from USD 75,692 to USD 38,757 in Baltimore, Maryland [31]. From cold spots to hot spots, there was a 74.9% increase in African Americans living in those areas, a 14.2% increase in unemployment, and a 29.1% increase in people depending on Maryland’s Supplemental Nutrient Assistance Program [31]. A survey of 472 gardeners across the country showed that there is a link between the intention to test soils for contamination and higher incomes [4]. Soil testing in gardens is most needed in urban community spaces; however, due to costs, these tests are not performed, and consequently, the health of the gardeners can potentially suffer. The cost of clean topsoil is also high (approximately USD 4000 to replace contaminated topsoil with 15 cm of clean topsoil), so this effective remediation tactic cannot be implemented in urban communities that need it the most [9].



The lack of regulations relating to trace metals in urban soils puts minority populations and people living in poverty at greater risk of exposure. Trace metals and metalloids such as lead, arsenic, cadmium, and zinc are commonly found in contaminated garden soils and have lasting health effects. Gardens along roof drip lines, roadsides, or near areas where lead-based paint chips, smelters, mines, current and past industries, brownfields, or superfund sites are present can lead to increased trace metal contamination in urban areas [21,30,31]. Agencies in the United States have a history of overlooking communities of color in contaminated environments [10]. Concern regarding trace metal contamination is on the rise, especially within the Black community, as more and more studies have been carried out on the topic [4,5]. Many urban gardeners recognize that there is a lack of scientific consensus about what levels of trace metal contamination are considered safe [3].



Often, when the community garden is being led by a site manager or scientific group, the gardeners in the community may feel like they are being talked down to regarding their exposure to contamination rather than participating in an open dialogue on what can be done to reduce exposure. It is common in marginalized communities for people to be told about the risks that they will experience rather than their experiences, which could be used to properly quantify their risk [3]. Black gardeners are shown to be more concerned about soil contamination, and low-income gardeners have mentioned a need for more access to information about soil contamination, so the need for education exists [4]. A majority of community gardeners receive their information on the potential risks of gardening, such as soil contamination, from fellow gardeners, the internet, social media, non-profits, and community garden training events. However, even with these resources, less than half of the 472 participants in one study were concerned about exposure to heavy metal contaminates in the soil [4]. Physical hazards such as the theft of crops and pests were mentioned more often than chemical contaminants in a study group of 20 gardeners [4]. Expanded information and disclosure of garden site history and further emphasis on the potential hazards of trace metal contamination in soils can help encourage testing in urban areas.




7. Soil Remediation


7.1. Raised Bed


The practice of gardening in raised beds is several decades old and is a popular way for many gardeners to try and curb contamination within their garden soil. They have been proven to have fewer trace metals present and can reduce the amount of toxicants entering the soil compared to garden beds on the ground [1,11].



While effective, raised garden beds are not guaranteed to have safe concentrations of metals when they are initially put in place or over time [5,25]. There may still be contamination in raised beds from wind-transported particles from nearby sources and the wood that the bed is made from [25]. In a study focusing on Philadelphia community gardens, raised beds were effective in lowering the concentrations of lead and arsenic but not zinc, copper, vanadium, and nickel [21]. The wood used on railways was historically treated with copper chromate arsenate, which can diffuse arsenic, copper, and chromium into the soil if in contact. Unfortunately, a lack of public awareness causes these old railway sleepers to be a popular choice for the walls of raised garden beds [5]. Some communities also might not have the resources to construct raised beds and might resort to easily accessible, chemically treated wood. In multiple studies, gardeners falsely believed that the use of raised beds eliminates soil contamination; therefore, testing and other remediation measures were not considered necessary [3,4]. These misconceptions highlight the need for more education within gardening communities.




7.2. Replacement of Topsoil


The removal and replacement of garden topsoil is an effective way of removing trace metal contaminants [10,11,24]. The undisturbed soil in urban areas has high concentrations of trace metals, so removal and replacement are necessary to maintain human and crop health [17]. The topsoil is the most important layer to replace because it is the layer most likely to become airborne and make its way into the lungs of gardeners and nearby homes.




7.3. pH, Compost, and Biochar


Soil pH, fertilizers, nutrients, compost, and biochar also play a role in the trace element distribution in garden soils [49,50,51,52,53]. Certain fertilizers that contain different plant nutrients can have the same effect on soil. For example, fertilizers containing ammonium decrease the negative charge of the soil, which increases lead availability, while fertilizers containing phosphates increase the negative charge and decrease lead availability [12,51]. Maintaining a neutral pH will ensure that the availability of all trace metals will stay low, which will decrease plant uptake [17]. High pH levels can facilitate the formation of metal carbonates and increase net negative charge, leading to the formation of metal–organic complexes [50]. Neutral-to-slightly basic pH will prevent the mobility of carbonate-bound metals [17], decrease the availability of cationic metals, such as lead, and increase the availability of anionic elements, such as arsenic [12]. A high soil pH can also reduce the leachability of cadmium zinc, immobilizing it in the soil [17]. Soil pH can greatly influence the solubility of metals such as metal oxide, hydroxide, and carbonate (MCO3) [52]:


MCO3 (s) + 2H+ ↔ M2+ + CO2 (g) + H2O











In a lab experiment, applying the proper amount of lime led to increased soil pH and reduced heavy metal extractability, thus decreasing heavy metal toxicity [49]. In addition to liming, the addition of biochar can increase soil pH and immobilize metals in the soil [50]. The proper combination and application of biochar and compost can eliminate the need for potentially hazardous fertilizers and decrease the amount of trace metals already present in garden soils [8]. The addition of a 10% volume-to-weight ratio of an amendment that is equal parts biochar and compost can nourish the soil as well as prevent trace metals from becoming highly available [12]. Organic materials, which are found in much higher levels in cultivated soil than in uncultivated soil, increase cadmium concentrations and decrease lead concentrations [25].



Many urban gardeners rely on compost as a tool to help decrease the amount of lead in contaminated urban gardens [1,8,9,11,28,32]. While compost successfully reduces the amount of lead in soil, some studies have shown that applying compost to a garden will increase the plant uptake of lead and other trace metals [12,53]. When compared to biochar, compost is more decomposable and contains more humic substances, which are reactive and form complexes with metal ions and minerals [12]. Lead enrichment in compost could be from source materials containing broken down urban soil materials such as plant waste or leaves with soil adhered to them [1,8,9,11,28,32]. One study found that while compost did decrease the amount of available lead in soil by 8%, the tissue of radishes grown in the soil with compost had a 19% increase in lead content [12]. Compost increased the accumulation of trace metals such as lead, copper, cadmium, and chromium in spinach and dill plants [53]. Using compost that is made from food waste or using compost production methods that minimize the incorporation of urban soil could reduce the amount of lead present [1,8,9,11,28,32].



A better alternative to applying only compost to contaminated garden soil is to apply a mix of compost and biochar (a charcoal-like substance that is rich in carbon). It is low-cost, environmentally friendly, and is created through the pyrolysis of manure and straw in a low-oxygen environment. Biochar reduces the availability of lead in the soil and plant availability, and compost introduces nitrogen and other nutrients, which are depleted with the introduction of biochar [12]. Biochar is believed to be effective in reducing trace metals in soils because of its large surface area, very microporous structure, active organic functional groups, and hydroxide and carbonate phases that cause trace metals to precipitate. Furthermore, it generally has a high pH and cation exchange capacity (CEC). After biochar was applied to native soil, lead availability was reduced by 20%, and the bioaccumulation of lead in plants was reduced by 11% [12]. The ideal ratio of compost to biochar was found to be 5–10% v/w of contaminated soil [53]. In a laboratory experiment, biochar-amended soils helped to increase soil pH and reduce metal bioavailability, thus increasing heavy metal (such as Cd and Pb) immobilization [50]. Application of proper amounts of lime can increase soil pH, reduce heavy metal extractability, thus decreasing heavy metal toxicity [49]. In addition to liming, the addition of biochar can increase soil pH and immobilize metals in the soil [50].




7.4. Limitations


While using the above recommendations, it is important to understand that a solution needs to be optimized based on various factors such as the properties of the soil, the contaminant of concern, crops to be grown, contamination sources, and the transportation pathways of the contaminant. The use of raised beds may not always be helpful if the source of the contaminant travels through air deposition. It is important to provide the proper amount of lime. The addition of calcium nitrate and calcium chloride may have varying results on soil pH and metal bioavailability [49]. Although biochar and the combination of biochar and compost can help reduce lead bioavailability, biochar may not be easily accessible [12]. Biochar is relatively expensive and may not be readily or freely available like compost [12]. Addition of compost and phosphate-based fertilizers need to be carefully assessed for not introducing trace metal contaminants. The above-mentioned remediations are not complete. There are many other methods, such as soil washing and soil mobilization and immobilization techniques, which can be used for heavy metal removal from soil. Additionally, phytoremediation is one of the most effective techniques for heavy metal removal from soils, which has not been discussed in this paper.





8. Conclusions


8.1. Benefits of Community Gardens


Community gardens in urban communities can have numerous benefits for nearby populations. Community gardeners in Salt Lake City, Utah, had a lower body mass index than their neighbors and family who did not participate in community gardening activities [5]. This is likely due to gardeners performing physical activity in the gardens and having more healthy food options at their disposal. Along with physical health, many studies show that the mental health of urban gardeners can be improved through gardening. Community gardens also provide access to fresh produce that might not be available nearby or might be expensive [54]. Gardens also reduce reliance on long, fossil fuel-powered supply lines stretching from rural farms to local supermarkets [17]. One question that many researchers have sought to answer is whether the benefits of urban community gardens outweigh the risks, and most concluded that they did [4].




8.2. Risks and Misconceptions


There is a risk of trace metal exposure while gardening in an urban setting; however, it is important to quantify the level of risk and specify the types of risk that gardeners face. In most of the surveys included in this literature review, the common misconceptions that gardeners believe were outlined. For example, one group of gardeners believed that growing fruits and vegetables in contaminated soil is the greatest risk associated with community gardening, even though it has been shown to be a less significant exposure pathway when compared to inhalation and ingestion [5]. The same risks were echoed by urban gardeners from Kansas, Indiana, and Washington, with 70% of the 121 participants surveyed describing the ingestion of crops as a pathway of contamination. Only 39% mentioned inhalation as a pathway [3]. Many gardeners also believe that if they are planting in a raised garden bed and have test results indicating that their soil is safe, they have nothing to be concerned about. However, trace metals like lead can still enter the soil of raised beds due to wind transportation. For example, in Dorchester, Massachusetts, the lead levels in urban raised beds were found to have increased by 185 ppm over 4 years [3]. It is important to regularly administer tests for metal contamination in urban garden soils and communicate the quantified risks relating to trace metal contaminants. Community garden users should also be educated about the various exposure pathways, not only the ingestion pathway. They need to be educated about the available practices that can help reduce exposure to trace metal contamination. These can include behavioral practices such as using gloves, changing clothes to minimize bringing contaminants inside houses, leaving shoes outdoors, and washing vegetables.




8.3. Useful Practices


Community garden practitioners should be aware of the potential sources of environmental contaminants in community gardens and the available management practices (Figure 2). These can often be cleared by testing the soil. Gardeners should be educated on the proper selection of crops to limit their exposure. It is important to take precautions to limit the amount of soil dust that transfers from community gardens to inside homes. The US EPA, state agencies, and universities have several useful resources available online, such as general guides to community gardening in urban environments and information on brownfields. The proper washing of produce, use of mulch on the top of the soil, adding organic matter, and maintaining a neutral pH can also limit the uptake of trace metals by plants [8]. The use of raised beds and the application of biochar and compost can also be helpful for selected trace metal contaminants, and CCA wood should be avoided for use in raised beds. Crops should be planted away from the road to minimize deposition [25]. Researchers have shown that various methods can be effective in reducing the mobility or plant uptake of trace elements ([17] and references therein).




8.4. Recommendations


Comparison between studies from across the United States has been made difficult by the multiple trace metal threshold standards that are used. Many studies compare their lead levels to the 400 ppm standard set by the US EPA for residential soils, while other studies use state guidelines, such as California, which has an 80 ppm threshold. However, no study used the US EPA Technical Review Workgroups Lead Committee’s recommendation of 100 ppm for urban gardeners, which reveals the need for greater dissemination of this recommendation so that gardeners can be properly informed. Consistent, clear, and scientifically backed standards should be created and shared widely by the US EPA to educate state authorities and gardeners.



As mentioned earlier, there is no safe lead level in the blood, as any amount of lead will have adverse effects on a person. Establishment of safe stringent lead level in soil would lead to increased intervention from local governments or environmental groups because intervention would be required to make it safe for people to garden. However, lowering the standard level for lead or other heavy metals might make some areas inaccessible to gardening due to the high costs of remediation at the contaminated site. Not all gardeners are open to testing their soil for chemical contamination, such as PCBs, due to liability and cost concerns as well as sample representativeness and interpretation of the results. The presence of heavy metals in the soil might lead to a mandatory and expensive cleanup and lead to stigma for the owner of the garden/property [4]. Providing resources not only for testing, but also for remediation, further education on how to interpret soil test results, and clear guidance on how to proceed if garden soil is contaminated are needed if proper cleanup efforts are to be made.



The US EPA should create new trace metal standards for soil where community gardeners are intentionally interacting with the soil and make a greater effort to educate gardeners. They should consider the multiple different exposure pathways that go along with community gardening (inhalation, direct ingestion, dermal contact, and plant uptake). The time of year, time spent gardening each week, and specific types of activities performed in the garden should also be taken into account when creating these standards. Site-specific assessments should be given on a biannual basis in each community garden to ensure that proper remediation practices are taking place to limit the amount of trace metal increases. Along with the soil, the produce grown in gardens should be tested for trace metals to obtain an idea of their availability in the soil. It is more important to test the soil before converting abandoned and empty lots into community gardens.



Many universities and independent labs across the United States offer trace metal testing for residential soils. Table S1 outlines many trace metal testing sites across multiple states at varying price ranges. This is by no means a comprehensive list of all soil testing sites in the country, but it provides options and accurate pricing so that gardeners can see if soil testing is financially feasible for them. The environmental agencies of many states also provide resources on their website for local labs that will test residential soil for contamination. Universities often have handheld portable XRFs that can be used to survey the contamination of trace metals in soils at on-site locations. By collaborating more closely with universities, this can be carried out at no cost to the communities [22].



Several laboratory studies have been conducted on the effectiveness of various methods to reduce the availability of metal concentrations, exposure to trace metal concentrations, and the uptake of metals by plants. Future studies should focus on testing the effectiveness of the methods in situ in community garden settings. It is important to develop cost-effective methods and easily accessible methods to analyze metal contamination in community gardens so that community garden communities can benefit. We have compiled an example list of available testing locations in Table S1. Developing inexpensive remedial solutions is a challenge. However, the best soil management strategy for reducing metal contamination, exposure, and plant uptake can be developed in collaboration with community garden organizations and local non-profit organizations. Future studies can examine the effectiveness of various intervention methods that improve education on soil contamination among garden users.



In addition to the management practices outlined in Figure 2, several practices can help reduce exposure to trace metals:




	
Minimizing the time spent for children at community gardens that are known to have trace metal contaminants.



	
Using gloves and washing hands after gardening.



	
Leaving gardening clothes and shoes outdoors.



	
Education about potential trace metal contaminants.



	
Washing produce.



	
Selecting produce that will have less metal uptake.



	
Collaborating with the local universities and organizations for regular soil testing.
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