PUBLIC HEALTH DIVISION

Technical Briefing: March 9, 2016
A review of exposure risks through direct garden soil ingestion or through consumption of plants grown
in gardens with soil metal contamination
Background
The Oregon Health Authority (OHA) has received several requests from private citizens, daycares,
schools, and neighborhood gardeners about the risks for gardening and consuming garden grown foods
in areas nearby two artisan colored glass manufacturing facilities in Southeast Portland (Bullseye Glass)
and North Portland (Uruboros Glass). The U.S. Forest Service released validated data for cadmium
concentrations in moss sampling that they conducted throughout the city of Portland. Cadmium was the
highest nearby the two glass facility sites in Portland. Cadmium results in the moss data prompted air
monitoring by the Department of Environmental Quality (DEQ).
While the investigation of air and soil nearby glass facilities in Portland prompted a literature review,
this paper was written to establish a scientific basis for response to gardening risks in urban
environments in general.
Introduction
Gardens provide many benefits, including healthier lifestyles through increased physical activity, fresh
produce, spaces to celebrate culture and community pride, and by nurturing social interactions and
cooperation among people (EPA, Brownfields and Urban Agriculture: Interim Guidelines for Safe
Gardening Practices 2011).
This document includes findings from review of the most recent and relevant scientific literature, as well
as the input of leading experts from academia, and national geological, environmental and public health
agencies (see Contributions section). Review was focused on studies, and agency guidance for
protecting health when gardening in areas with known or suspected environmental contamination, with
a specific focus on arsenic, cadmium, chromium, and lead.
Differences between “urban” soil and “garden” soil
Soil type and texture, moisture retention, pH, compaction, aeration, and many other factors influence
the behavior of contaminants found in urban and garden soils (Pearson, 2013). All soils contain naturally
occurring, background levels of metals, minerals and microorganisms. Contaminated soils contain
concentrations of contaminants that exceed the natural background level for local soils (Peryea, 1999).
Urban soils are commonly contaminated with metals, petroleum by-products, pesticides, and other
chemicals resulting from past or present land use and proximity to pollution sources (Alloway, 2004).
The construction of urban infrastructure (e.g. homes, roads, and sidewalks) changes soil characteristics
often resulting in compaction, poor drainage, and overall lower soil quality in urban areas (Bell, et al.
2003).

Due to the poor quality of most urban residential soils, urban gardeners are advised to improve soil
quality in the areas where gardens are established (Bell, et al. 2003); (OSU-Extension, Improving garden
soil 2016). Gardeners growing food in pots, raised
Key Terms
beds and directly in the ground incorporate
amendments to increase soil quality and nutrients
Bioaccessibility: “the amount of a soil
available to plants. Common amendments include
contaminant that could potentially dissolve
manure, peat moss, compost and fertilizer (OSUand would be available for absorption in
Extension, Improving garden soil 2016). The addition
the human digestive system” (Attanayake,
of amendments changes the chemical properties and
Hettiarachchi and Martin, et al. 2015).
characteristics of soil (Brown and Cotton, 2011).
Bioconcentration: “A process leading to a
Garden soil is a mixture of soil and amendments that
higher concentration of a substance in an
are brought into the garden from outside sources, this
organism than in the environmental media
makes garden soil very different from urban soil found
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in city parks, residential lawns, parking strips, private
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Field and laboratory studies found that garden soils amended with compost create healthier plants,
make it harder for contaminants to get into plants, and lower bioconcentration and bioaccessibility of
contaminants (Attanayake et al,. 2015); (Defoe, et al. 2014).
Key Terms
Exposure Pathways: the ways that
contaminants can potentially harm people.
Direct: The three main exposure routes are
ingestion, inhalation, dermal. For metals in
soil the main direct exposure route is
through ingestion of soil. Particle size is too
large to be of concern for inhalation and
metals are not dermally absorbed.

Exposure risk - soil ingestion (direct)
Many scientific studies assess the risk for exposures to
common urban contaminants directly through soil
ingestion, as well as through consumption of food
crops grown in such soils (Brown et al., 2016);
(Attanayake et al., 2015); (Defoe et al., 2014). In a
study of home gardens neighboring a superfund site
researchers found concentrations of arsenic in soils
that were 10 to 100 times greater than concentrations
in the vegetables grown in contaminated soil
(Ramirez-Andreotta, 2012).

Indirect: consumption of plants with
contaminated soil adhered to the surface.

In most urban gardening settings, the primary
exposure risk is through ingestion of contaminated
Food-chain transfer: the movement of
soil particles (EPA, Brownfields and Urban Agriculture:
contaminants from soil to food crops and
Interim Guidelines for Safe Gardening Practices 2011).
the subsequent transfer of contaminants
For children this risk is a concern during gardening due
into humans through food consumption.
to potential direct exposure to contaminated soils.
Since it’s uncommon for adults to ingest soil during
gardening practices, the concern for exposure is primarily through consumption of soil particles that
adhere to garden grown crops (Brown et al, 2016); (EPA, Brownfields and Urban Agriculture: Interim
Guidelines for Safe Gardening Practices 2011).
Exposure risk - consumption of plants grown in contaminated soil (indirect)
Soil fertility can impact contaminant uptake in vegetables (Attanayake et al. 2015), it is for this reason
that maintaining healthy garden soil is important to reducing exposure risks for gardeners.

Recent studies of garden soils identify higher soil levels of contaminants, including metals, when
compared to levels of contaminants found in plants grown in gardens with contaminated soils (Brown et
al. 2016); (Attanayake et al. 2015); (McBride, et al. 2014); (Defoe, et al. 2014); (Chaney, et al. 2010). A
variety of factors are responsible for the variability in plant and soil contaminant level, ranging from
plant species and varieties to chemical forms of contaminants in soil, soil properties, climate, and soil
and plant management practices. It’s important to note that most of the detected contaminants
measured “in plants” (stored inside edible plant tissue) were not at levels that would cause harm to
health; many studies identified contaminants measured “on plants” from soil residues adhered to the
waxy surface of plant tissue (Attanayake et al. 2015); (Brown et al, 2016) (McBride, et al. 2014); (Codling,
2014); (Defoe et al. 2014). In studies referenced, some plants demonstrate higher potential for soil
adherence and accumulation of contaminants from soil (Alexander et al. 2006). These studies do not
address air emissions of metals and deposition onto garden grown plants.
Washing plants thoroughly removes a significant amount of soil and
reduces the risk of indirect exposure (EPA, Brownfields and Urban
Agriculture: Interim Guidelines for Safe Gardening Practices 2011);
(Attanayake et al. 2014); (Brown et al. 2016).
Manage risks from soil splash by avoiding overhead watering and
covering bare soil with mulch, or other material to avoid soil splash
contamination of leafy vegetables, herbs, and other low growing
plants.

Key Term
Soil Splash: the ability of
water droplets from rain or
watering of garden plants to
fall and splash up soil onto the
surface of plants.

Arsenic (As)
Arsenic occurs naturally in all soils and waters and is found most everywhere in the environment
(Peryea, 1999). Food-chain transfer can occur, plants absorb As through their roots and all plants
contain small amounts of As (Peryea, 1999). However, scientific studies of commonly grown garden
foods indicate that most plants do not take up As at levels that are harmful to health (Mitchel et al.,
2014); (Defoe et al., 2014); (Attanayake et al., 2015). Rice accumulates As into edible plant tissues when
grown under submerged conditions, however growing rice in this way is not common in urban gardens.
Cadmium (Cd)
Cadmium concentrations in urban garden-grown vegetables in a 2014 study were detected at levels too
low to cause harm to human health (McBride et al., 2014); leafy green vegetables appear to contain the
highest Cd concentrations; (ATSDR, Cadmium ToxProfile, 12). Soils with near neutral pH reduce the
ability for Cd to uptake into plants, adding normal limestone to garden soils with low pH improves plant
production and also reduces levels of Cd detected in plants (R. L. Chaney, 2015). Nearly every Cd source
for garden soils has 100-200 times more zinc (Zn) than Cd. Zn inhibits Cd uptake by garden crops and
reduces absorption by mammals when the crop is consumed. Only the rare case of Cd contamination
without Zn is believed to comprise garden soil Cd risk (R.L. Chaney, personal email, 2016) supported by
2015 study (R. L. Chaney, 2015). Cd concentrations in vegetables were not correlated to soil Cd
concentrations in a 2014 study; this was probably because of the near-neutral pH of most soils which
limits plant uptake of Cd (McBride et al., 2014). In healthy, near neutral pH (non-acidic) garden soil, Cd
has a low likelihood of exceeding soil guidance values based on residential soil cleanup levels, and a low
likelihood of uptake by garden grown crops (McBride et al., 2014) (R. L. Chaney, 2015). Rice accumulates
Cd (R. L. Chaney, 2015), however rice is not commonly grown in urban gardens.
Chromium (Cr)
Chromium (Cr) is a naturally-occurring element found in rocks, animals, plants, and soil, where it exists

in combination with other elements to form various compounds. The two forms of Cr found in soils in
the environment are Cr3+ (chromic) and Cr6+ (chromate, hexavalent chromium, chromium +6). Small
amounts of Cr3+ are needed for human health. Chromium changes from one form to another in water
and soil, depending on the conditions present (ATSDR, Chromium ToxProfile, 2). Cr6+ is only stable in
alkaline, low organic matter soils. In neutral and acidic soils, with organic matter, Cr6+ is reduced to
Cr3+. When soils are moderately contaminated with Cr6, the addition of compost, manure, biosolids, or
biodegradable organic matter and microbes rapidly reduce and precipitate Cr6+ to Cr3+ (Chaney et al.,
1997). “There are several areas of natural Cr in very rich serpentine soils in the US (MD, NC, CA, OR)
where soils contain 1000 to 10000 or higher ppm Cr as the insoluble mineral Cr-Fe-oxide "chromite".
Plants do not accumulate Cr from this mineral/these soils. Actually, plants hardly accumulate Cr from
any soil. In the high Cr soils, plant Cr concentration was explained by soil/dust contamination of the
plant samples” (R.L. Chaney, personal email, 2016); confirmed by (Chaney et al., 1997).
Lead (Pb)
Lead occurs naturally in the environment, but it occurs at higher levels in urban areas or in soils affected
by human activity. Some plants absorb Pb through their roots, all plants have small amounts of lead
(Peryea ,1999). Recent studies of vegetable uptake of Pb show that plant absorption of Pb is relatively
low and food crops grown in soils with high-Pb contamination do not increase exposure risks through
food consumption (Brown et al., 2016). Gardening may increase exposure to lead if people swallow soil
particles, track soil into the home where small children may pick up and eat soil particles, or eat
unwashed vegetables grown in soil with high lead levels. Studies have shown limited absorption of Pb
when ingested with food. Studies of concentrations of Pb in plant tissue do not reflect concentrations of
Pb in soil (Brown et al., 2016). Low plant uptake in combination with low solubility when eaten as part of
foods, suggests that eating plants grown in urban soils, including soils with elevated Pb, would not
provide a significant risk pathway (Brown et al., 2016). Adding organic matter, amendments and
phosphorous fertilizers to the soil over time can reduce total bioavailable Pb (Brown et al., 2016).
Conclusion
Several important factors affect the ability of metals to transfer from soil to vegetables, including soil
pH, organic matter content, and other soil quality and nutrient properties (McBride et al., 2014). These
are factors that gardeners can control to reduce and prevent risks of direct and indirect exposure. Based
on the current science, the potential risk for exposure through direct and indirect exposure through
consumption of food grown in soil contaminated with arsenic, cadmium, and chromium, the garden
risks from metals emissions from the two glass manufacturing facilities investigated are not elevated
beyond what is expected for gardening in urban environments.
The use of compost can be highly effective at making metals less available to plants grown in soil with
metals contamination. Compost is readily available, reduces risk, and improves the soils. Thorough
washing removes a significant amount of soil particles from plant surfaces.
For communities gardening in urban neighborhoods and other areas with contamination concerns, it is
important to first determine the quality of the garden soil. To create fertile garden soil, first test the soil
for characteristics such as pH and nutrient availability. Consider the garden site’s land use history as well
as current surroundings (industry, high traffic corridors, etc.) and test the soil accordingly for potential
contamination. Building raised beds with clean soil significantly lowers risks in areas with known soil
contamination. Knowledge of soil health and potential contamination are keys to helping communities
identify and correct problems so that urban gardens are healthy and productive.

Recommendations
Gardens provide many benefits, including healthier lifestyles through increased physical activity levels,
providing fresh produce, cultural outlets and community pride, and nurturing social interactions and
cooperation among people.
OHA recommends that all gardeners growing food in urban environments, or in other areas where
contamination might be of concern, follow healthy gardening practices. Avoid health risks by not
allowing people to consume soil, either during gardening, by tracking soils into the home, or by eating
soil particles stuck to garden crops. Cover bare ground with mulch or other materials to prevent soil
splash onto food crops.
The Oregon Health Authority (OHA) Healthy Gardening website provides additional guidance and
Oregon specific resources for soil testing, and best practices to learn how to reduce risks while working
and playing in the garden.
As an urban gardener in areas nearby industrial facilities, it is important to be aware of the following.
 The primary risks from your garden are through eating the soil. To avoid the direct soil exposure
pathway (eating soil) consider the following, along with guidance found on the OHA Healthy
Gardening fact sheet:
 Wash hands after gardening.
 Do not track soil into the house.
 Wash garden grown food before eating it to remove soil particles.
 It’s important to ensure that soils, composts and amendments used to grow food are ‘clean’ and not
sources of contamination. Standards are lacking for regulations on garden soil and amendments.
 Ask if garden products are tested for contaminants and certified by a third party verifier.
 The US Composting Council has a Seal of Testing Assurance (STA) for composts which meet the
limits of their testing program (for nutrients, metals, and pathogens, and maturity of the
compost as a soil amendment). Look for the STA stamp on compost products.
 While the behavior of metals in garden soil is such that risks from exposure from eating garden
grown food is low, it remains important to test soil in gardens in urban areas.
 Testing garden soil is the only way to know for certain what the contaminant levels are.
Contributions
Literature reviewed for the creation of this technical briefing was provided by:
1. Rufus L Chaney, Senior Research Agronomist, United States Department of Agriculture, ARS-CSGCL,
Beltsville, MD.
2. Ganga Hettiarachchi, Associate Professor of Soil and Environmental Chemistry, Department of
Agronomy, Throckmorton Plant Sciences Center, Kansas State University, Manhattan, KS 66506.
3. Nicholas Basta, Professor of Soil and Environmental Science Environmental Science Graduate
Program, Co-Director School of Environment and Natural Resources, Ohio State University,
Columbus, OH 43210.
4. Sally L Brown, School of Environmental and Forest Sciences, University of Washington, Seattle, WA
98195.
5. Sabine Martin, Program Associate, Department of Agronomy, Kansas State University, Manhattan,
KS 66506.
6. Ann Carroll, Ann Carroll, MPH, U.S. EPA, Office of Brownfields and Land Revitalization

These experts collectively have knowledge of metals (including arsenic, cadmium, chromium, and lead)
physical and chemical properties, environmental fate, bioavailability, human exposure, and plant
uptake. This acknowledgement should not be understood to imply its approval of final content within
this technical briefing. The responsibility for the content lies with the OHA.
The Oregon Health Authority welcomes the sharing of recent research findings on this topic. Please send
additional literature to ehap.info@state.or.us.

References
Alexander, P. D., B. J. Alloway, and A.M. Dourado. 2006. "Genotypic variations in the accumulation of Cd,
Cu, Pb and Zn exhibited by six commonly grown vegetabls." Environmental Pollution 144: 736745.
Alloway, B. J. 2004. "Contamination of soils in domestic gardens and allotments: a brief overview." Land
Contam. Reclam 12 (3): 179-187.
ATSDR. ToxProfile. "Cadmium." ATSDR Tox Profiles. Accessed March 4, 2016.
http://www.atsdr.cdc.gov/toxprofiles/tp5-c2.pdf.
ATSDR. ToxProfile. "Chromium." ATSDR ToxProfle. Accessed March 4, 2016.
http://www.atsdr.cdc.gov/toxprofiles/tp7-c2.pdf.
Attanayake, C. P., G. M. Hettiarachchi, A. Harms, D. Presley, S. Martin, and G. M. Pierzynski. 2014. "Field
evaluations on soil plant transfer of lead from an urban garden soil." Journal of Environmental
Quality 43 (2): 475-487.
Attanayake, C. P., G. M. Hettiarachchi, S. Martin, and G. M. Pierzynski. 2015. "Potential Bioavailabliity of
Lead, Arsenic, and Polycyclic Aromatic Hydrocarbons in Compost-Amended Urban Soils." Journal
of Environmental Quality 44:930-944.
Bell, N., D. M. Sullivan, L. J. Brewer, and J. Hart. 2003. "Improving Garden Soils with Organic Matter."
Oregon State University Extension Service.
http://extension.oregonstate.edu/deschutes/sites/default/files/Horticulture/documents/organi
c_matter.pdf.
Brown, S. L., R. L. Chaney , and G. M. Hettiarachchi. 2016. "Lead in urban soils: A real or perceived
concern for urban agriculture?" Journal of Environmental Quailty: Special Section - Soil in the
City 45:26-36.
Brown, S., and M. Cotton. 2011. "Changes in soil properties and carbon content following compost
application: Results of on-farm sampling." Compost Science & Utlilization 19 (2): 87-96.
Chaney, R. L. 2015. "How does contamiantion of rice soils with Cd and Zn cause high incidence of human
Cd disease in subsistence rice farmers." Curr. Pollut. Rept. 1: 16-22.
Chaney, R.L., J.A. Ryan and S.L. Brown. 1997. Development of the US-EPA limits for chromium in landapplied biosolids and applicability of these limits to tannery by-product derived fertilizers and
other Cr-rich soil amendments. pp. 229-295. In S. Canali, F. Tittarelli and P. Sequi (eds.)
Chromium Environmental Issues. Franco Angeli, Milano, Italy [ISBN-88-464-0421-1]..
1993. Chemistry, International Union of Pure and Applied.
http://toxics.usgs.gov/definitions/bioconcentration.html.

Codling, E.E. 2014. "Accumulation of lead and arsenic by lettuce grown on lead-arsenate contaminated
orchard soils." Open Agric. J. 8:35-40.
Crawl, P.J. 1985. "A Description of Urban Soils and Their Desired Characteristics." Journal of
Arboriculuture 330-339.
Defoe, P. P., G. M. Hettiarachchi, C. Benedict, and S. Martin. 2014. "Safety of gardening onlead- and
arsenic-contaminated urban brownfields." J. Environ. Qual. 43:2064-2078.
EPA. 2010. Bioaccumulation. June 29. http://toxics.usgs.gov/definitions/bioaccumulation.html.
EPA. 2011. Brownfields and Urban Agriculture: Interim Guidelines for Safe Gardening Practices.
http://www.epa.gov/sites/production/files/2015-09/documents/bf_urban_ag.pdf.
McBride, M.B., H.A. Shayler, H.M. Spliethoff, R.G. Mitchell, L.G. Marquez-Bravo, G.S. Ferenz, J.M.
Russell-Anelli, L. Casey, and S. Bachman. 2014. "Concentrations of lead, cadmium and barium in
urban garden-grown vegetables: The impact of soil variables." Environ. Pollut. 187:254-261.
Mitchel, R.G., H.M. Spliethoff, L.N. Ribaudo, D.M. Lopp, H.A. Shayler, L.G. Marquez-Bravo, V.T. Lambert,
G.S. Ferenz, J.M. Russell-Anelli, E.B. Stone and M.B McBride. 2014. "Lead (Pb) and other metals
in New York City community garden soils: Factors influencing contaminant distribution."
Environ. Pollut. 187:162-169.
ORDEQ. 2013. "Development of Oregon Backround Levels of Metals in Soils for Cleanups:Technical
Report." DEQ Cleanup Program.
http://www.deq.state.or.us/lq/pubs/docs/cu/DebORbackgroundMetal.pdf.
ORDEQ. 2016. Voluntary Cleanup Program. http://www.deq.state.or.us/lq/cu/voluntarycu.htm.
ORS465.315. "465.315 Standars for degree of cleanup required." Oregon Revised Statues.
http://www.oregonlaws.org/ors/465.315.
OSU-Extension. 2016. "Improving garden soil." Growing Your Own.
http://ir.library.oregonstate.edu/xmlui/bitstream/handle/1957/21092/dem9027soil.pdf?sequence=5.
OSU-Extension. n.d. "Improving garden soil." Growing Your Own.
http://ir.library.oregonstate.edu/xmlui/bitstream/handle/1957/21092/dem9027soil.pdf?sequence=5.
Pearson, B.J. 2013. "Soil Characteristics and Management Practices for Urban Residential Landscapes."
University of FLorida IFAS Extension. September.
https://edis.ifas.ufl.edu/pdffiles/EP/EP47900.pdf.
Peryea, F. J. 1999. Gardening on Lead and Arsenic Contaminated Soils. Washington State University
Cooperative Extension.
Price, J., and G. M. Hettiarachchi. 2012. "Trace metal concentration and partioning among vegetable
varieties." ASA, CSSA, and SSSA Annual Meetings Paper 319-4. Cincinattie, OH: ASA, CSSA, and
SSSA, Madison, WI. 21-24.

Ramierez-Andreotta, M.D., M.L. Brusseau, J.F. Artiola, R.M Maier. 2013. "A greenhouse and field-based
study to determine the accumulation of arsenic in common homegrown vegetables grown in
mining-affected soils." Sci. Total Environ. 443:299-306.
Ramirez-Andreotta, Monica. 2012. "Understanding Arsenic: From Vasculature to Vegetables."
Contaminated Site Clean-Up Information. U.S. EPA Region 9 and National Institute of
Environmental Health Sciences, Superfund Research Program.
Spliethoff, H.M., R.G. Mitchell, L.N. Ribaudo, O. Taylor, H.A. Shayler, V. Greene, D. Oglesby. 2014. "Lead
in New York City community garden chicken eggs: influential factors and health implications."
Environ. Geochem. and Health 36:663-649.

