
C
ommunity gardening and 
home vegetable gardening 
are becoming increasingly 
popular as more and more 

people come to value produce grown 
near where they live or work. Locally 
grown food may be used to supply a 
food bank or school lunch program, 
to stock a farmers’ market stand, or to 
feed a gardener’s own family. Consum-
ing food near where it is grown means 
that less energy is wasted through 
transit and storage, and many people 
value the smaller carbon footprint—
the lower energy costs—associated 
with locally grown food.

As interest in community gardening 
continues to grow nationwide, it is 
increasingly common for gardens to 
be located near the institutions they 
serve or on reclaimed land. Many 
community gardens are constructed in 
dense urban areas or on or near former 
industrial, agricultural, or commercial 
land. Any of these areas may contain 
contaminated soil, so it is important to 
be aware of the risks posed by expo-
sure to certain chemicals and to take 
precautions. Of particular concern are 
toxic metals, solvents, pesticides, and 
total petroleum hydrocarbons (TPHs).

Contaminants found in soil may be 
safe at some levels, while higher levels 
may lead to acute and chronic health 
problems. Most soils contain detect-
able amounts of toxic metals and 
other chemicals, but the concentra-
tions are so low that the contaminants 
pose no known health risk. However, it 
is important to ensure that toxic metal 
and other soil contaminant levels 
are safe for growing vegetables and 
working in the garden. Soil testing is 
the most effective way to do this.

This publication describes common 
soil contaminants, explains soil testing, 
and offers strategies to minimize the 
risk of exposure in potentially contami-
nated gardens.
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John Folstad, Sharon C. Long,  
and Doug Soldat

People+Plants is a  

multimedia series on 

how to build, maintain, 

and make the most of 

community gardens.  

For more titles and 

topics in the series, visit 

learningstore.uwex.edu.
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Types and sources  
of contaminants
Toxic metals, TPHs, solvents, and pes-
ticides are some of the most common 
soil contaminants in gardens. Con-
taminants can be either widespread 
or local. For many gardeners, wide-
spread contaminants are the greater 
concern because they can be found 
in almost all urban environments. 
Toxic metals and polycyclic aromatic 
hydrocarbons (PAHs), a type of TPH, 
are the most common widespread 
contaminants, and many of them 
occur naturally in the environment, are 
used in consumer products, or both. 
For example, PAHs are used in black-
top, and a number of metals are used 
in cosmetics.

Solvents, pesticides, and TPHs are typi-
cally local contaminants, meaning 
that they are site specific. They are 
often found near current or former 
industrial and commercial areas, 
including gas stations and dry clean-
ers. However, they can also be found 
on former agricultural land and in 
residential areas with underground 
fuel tanks. 

Toxic metals
Arsenic, barium, chromium, lead, and 
mercury are all widespread, naturally 
occurring contaminants and are 
present at detectable levels in almost 
all soils. However, mere detection 
does not constitute a threat to health; 
consult toxicity risk values to evaluate 
the level of risk. (See the Interpreting 
Results section for more information.)

Arsenic
• Occurs naturally in the soil, with 

some areas having unusually high 
levels

• Historically used in treated lumber 
and pesticides

• Commonly found in soils of former 
apple orchards as a result of pesti-
cide use; also found near land areas 
where pesticides were mixed and 
loaded

Barium
• Used to make paint, brick, glass, and 

tile

• Used in high quantities in medical 
diagnostics

Chromium
• Occurs naturally in the environment

• Used in wood preservatives and 
other consumer products

Lead
• Previously used in gasoline, paint, 

and plumbing fixtures

• Found in high levels in soil as a result 
of gasoline emissions and lead paint 
chips

• Commonly found in areas formerly 
used for forging or shoeing horses

Mercury
• Occurs naturally in the environment

• Used in paint and fungicides

• Commonly found in soils downwind 
of coal-fired power plants

Natural levels  
of metals
The levels at which metals naturally 
occur in soils can often be higher 
than published cleanup levels. This 
is because metals newly introduced 
to soils through human activities 
are more biologically available 
upon exposure, meaning that they 
can be more easily absorbed into 
living systems and thus have more 
potential to cause harm. Naturally 
occurring metals tend to be inte-
grated as part of the soil minerals. 
Therefore, it is important to know 
the natural levels of metals in your 
location in order to assess whether 
your soil test results are of concern. 
For more information, see the  
Additional Resources section.
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TPHs
Petroleum products are made up of 
hundreds of individual chemicals. 
Benzene, ethylbenzene, toluene, and 
xylene are petroleum constituents 
often found in soils near commercial 
and industrial areas, such as gas sta-
tions. Because they degrade rapidly 
with soil contact, levels of concern are 
associated with a noticeable gasoline-
like odor and generally indicate a new 
spill, possibly the result of a leaking 
underground fuel oil tank.

Of greater concern are the heavier 
components of petroleum, namely 
the PAHs. PAHs are a class of wide-
spread contaminants that can occur 
from natural processes or from several 
human-made sources.

PAHs such as benzo(a)pyrene
• Occurs naturally in the environment 

as a result of fires and lightning 
strikes

• Found in coal, crude oil, asphalt, and 
automobile exhaust

• Used in the production of plastics, 
pesticides, and other consumer 
products

Solvents
These contaminants are local and are 
found in industrial and commercial 
areas, especially former dry-cleaning 
sites.

Tetrachloroethylene (PCE or PERC)
• Commonly used as a dry-cleaning 

product

• Used in the production of other 
synthetic chemicals

Trichloroethylene (TCE)
• Commonly used to remove grease 

from metal in industrial settings, and 
to produce other chemicals

• Can result from lightning strikes

Pesticides
Atrazine and carbaryl (often sold as 
Sevin) are commonly used pesticides 
that can be local contaminants on land 
previously used for growing crops, as 
well as in some industrial and commer-
cial areas. The amount of time these 
pesticides remain in the soil depends 
largely on environmental and soil 
conditions. Carbaryl has a half-life of 7 
to 28 days, and atrazine has a half-life 
of 60 to 100 days. You can expect that 

these products will be at one thou-
sandth of their original concentration 
after 10 half-lives, or about 280 and 
1,000 days (2.7 years), respectively.

Exposure to PAHs
While the potential health risks from 

the presence of high levels of PAHs in 

garden soils should not be ignored, 

most people are exposed to these com-

pounds at low levels through everyday 

activities. For example, smoking 1.4 

cigarettes or eating 100 grilled steaks 

yields the same health risk as a life-

time of exposure to PAHs in soils at the 

recommended cleanup levels.

PCE in urban soil
In southeast Wisconsin, high concen-

trations of PCE originating from the 

improper disposal of chemicals from 

an old dry-cleaning facility were found 

several feet below the root zone of a 

community garden that donated food 

to a local food pantry. Although soil 

and plant analysis eventually revealed 

that the food was not contaminated 

and the surface soil was clean, the 

garden had to be abandoned for 

liability reasons. While chemical and 

biological processes can act to reduce 

the amount of carbon-containing con-

taminants in soils over time, chemicals 

like PCE can be extremely long-lived 

when they migrate deep in the soil 

where the environment is not ame-

nable to these processes.
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Atrazine
• An herbicide used to control a wide 

variety of weeds

• Used on farm fields and near high-
ways and railroads in Wisconsin; 
used to control lawn weeds in some 
states

Carbaryl (commonly sold as Sevin)
• An insecticide commonly used in 

gardens

Site history
Conducting a thorough site history 
is critical to selecting an appropriate 
site for a community or home garden. 
Often, researching adjacent properties 
is necessary also. You can find basic 
information about a site, including 
property class, zoning information, 
and current and previous owners, 
by viewing records at city hall. (In 
some areas, this information may be 
accessible online.) You can then use 
this information to contact previous 
owners for more information. Talking 
with neighbors about the site’s history 
can be useful also. 

In addition, if the property has a 
questionable history, there is a good 
chance that it has undergone prior 
environmental evaluation by a state 
agency and that there is a record you 
can access. For example, in Wisconsin 
the Department of Natural Resources 
(DNR) maintains a database of con-
taminated sites (www.dnr.state.wi.us/
org/aw/rr/).

Soil testing
While a site history can give you an 
idea of whether certain contaminants 
may be present, soil testing is the 
only way to know for sure. Sites that 
are near past or present dry cleaners, 
landfills, junkyards, gas stations, or 
manufacturing or industrial sites are 
particularly at risk of containing high 
levels of some chemicals. Also consider 
the use of lead-based paint or treated 
lumber at a site, as both can contribute 
to soil contamination.

The cost of soil testing ranges, depend-
ing on the lab and which contami-
nants are being tested. Generally, 
testing for toxic metals will cost $20 
to $50 per metal, while testing for 
solvents, pesticides, and TPHs can cost 
several hundred or even several thou-
sand dollars. However, depending on 
the size of your garden and whether 
you or your organization will need 
to assume liability for the food you 
grow and distribute, these tests can 
be worth the money. There are several 
labs in Wisconsin that can test soil for 
contaminants (table 1). Outside of Wis-
consin, contact your state extension 
for a list of labs. Contact a specific lab 
to find out which contaminants they 
test for and the cost of testing. Most 
labs also provide information about 
collecting and handling soil samples.

How to collect a sample
A proper soil sample consists of a 
mixture of soils from a given area. 
Typically, a scoop of soil is collected 
from numerous locations distributed 
randomly across the land area, and the 
scoops are mixed together. A single 
sample is then taken from the mixture 
and submitted to a lab for analysis.

The best way to sample your garden 
depends on the size of the garden, site 
conditions, and history, but the basic 
steps remain the same:

1. Choose multiple, random loca-
tions in your garden from which to 
collect soil. For small gardens, a few 
locations may suffice, while large 
gardens may require many loca-
tions or even several samples, each 
consisting of soils from specific areas 
of the garden.

2. Use a shovel to collect a scoop 
of soil to a depth of 6 inches, the 
depth at which most plant roots 
grow. Typically, you’ll need to 
collect a scoop of soil from at least 
20 locations distributed randomly 
throughout your garden to ensure 
you obtain a representative sample. 
Mix the scoops well in a clean plastic 
bucket.

3. Put a portion of the soil mixture in a 
properly labeled plastic bag with a 
strong seal, and ship or deliver it to 
the soil testing laboratory.

Table 1. Soil testing labs in Wisconsin

Lab Location Phone  Website
Rock River Laboratory Watertown 920-261-0466 www.rockriverlab.com

Soil and Forage Analysis 
Laboratory Marshfield 715-387-2523 uwlab.dyndns.org/marshfield/

Soil and Plant Analysis 
Laboratory Madison 608-262-4364 uwlab.soils.wisc.edu/madison/

Wisconsin State  
Laboratory of Hygiene Madison 608-224-6202 www.slh.wisc.edu/

Soil sampling
Taking a soil sample properly is 

extremely important to ensure accu-

rate results. If you are unsure about 

any part of the process, it is best to 

contact your local extension office  

for assistance.



•  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •   S O I L  C O N T A M I N A N T S  I N  C O M M U N I T Y  G A R D E N S 

5

Limiting exposure  
to contaminants
If your soil test results come back 
higher than the recommended levels 
or if you simply want to take some 
safety precautions, there are several 
ways to reduce exposure and limit 
plants’ uptake of soil contaminants.

• Bring in clean soil from an outside 
source and place it on top of con-
taminated soil. Lay landscape fabric 
on the ground before adding the 
clean soil to prevent plant roots from 
growing into the contaminated soil.

• Garden in raised beds! They can be 
built in any size and shape and allow 
for fresh, uncontaminated soil in a 
specific growing area. Avoid using 
railroad ties because many contain 
chemicals that can be harmful to 
plants and soil.

• To limit exposure to contaminants 
in produce, grow only fruit crops—
including vegetables that are 
botanically considered to be fruit. 

 Examples include tomatoes, peppers, 
cucumbers, and strawberries. Note 
that growing fruit crops will limit 
the amount of contaminant found 
in the fruit or vegetable but will not 
reduce the amount of contaminant 
in the soil. Extensive working in the 
soil could lead to potential health 
problems.

• Avoid growing root crops such as 
potatoes and onions and shoot 
crops such as lettuce, broccoli, and 
cabbage. These crops accumulate 
higher amounts of contaminants 
and should not be grown in con-
taminated soils.

• Avoid growing edible plants directly 
adjacent to older buildings. The soil 
could have elevated lead levels due 
to past use of lead-based paint.

• Maintain a neutral pH level in your 
garden soil. A neutral pH (level of 7) 
can help reduce the amount of toxic 
metals available to be taken up by 
plants. If your soil pH is too low (or 
acidic), raise it by adding lime.

Interpreting results
If you have had your soil tested, the 
next step is to make sense of the 
results. Most labs report the amount 
of a given contaminant in the soil as 
parts per million (ppm). One ppm of a 
contaminant means that for every one 
million parts of soil, there is one part 
of that contaminant. Labs may also 
report the results in milligrams per 
kilogram of soil (mg/kg) or micrograms 
per gram of soil (µg/g), which are both 
equivalent to ppm.

You can compare your soil test results 
to the published cleanup levels and 
toxicity risk values summarized in 
table 2. If the concentrations in your 
soil fall below the ranges for cleanup 
and toxicity risk, then it is safe to grow 
any type of crop and work in the 
garden. If the concentrations fall within 
or exceed the ranges for cleanup or 
toxicity risk, then you may need to take 
precautions to ensure that contami-
nant accumulation in edible crops and 
time spent working in the soil do not 
lead to exposures that may cause 
adverse health effects.

For more specific information on inter-
preting soil test results, refer to the 
UW-Extension publication Contami-
nants in Urban Soils (A3916).

Abbreviations: NA (not available).

a Data sources include the 
Environmental Protection 
Agency (EPA), Colorado State soil 
evaluation levels, New York State, 
Wisconsin DNR, and the United 
Kingdom soil guidance values.

b Values calculated for dermal, 
ingestion, and crop exposure, 
using the methods and 
assumptions described in the 
EPA’s Exposure Assessment 
Manual. These values do not 
account for carcinogenic risk.  
For more information on how 
these values were calculated, 
see the Additional Resources 
section.

Soil test results
Please be aware that interpreting soil 

test results is not always for beginners. 

There are experienced environmental 

professionals at universities, extension 

offices, and state environmental and 

environmental health agencies. They 

can help you interpret your results and 

find answers to your questions.

Table 2. Cleanup levels and toxicity risk values 
of common soil contaminants

Soil  
contaminant

Published soil 
cleanup levels 

(ppm)a

Toxicity risk 
values for heavy 
exposure (ppm)b

Toxic metals

Arsenic 0.039–32.0 1.6

Barium 300–15,000 470

Chromium VI 10–230 4.7

Lead 50–450 425

Mercury 0.1–170.0 0.71

Total petroleum hydrocarbons (TPHs)

Benzo(a)pyrene 0.022 NA

Solvents

Tetrachloro- 
ethylene (PCE) 0.45–1.0 4.4

Trichloroethylene 
(TCE) 0.039–2.8 0.7

Pesticides

Atrazine NA 10.3

Carbaryl (Sevin) NA 2,350
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Additional resources
For in-depth information on soil contami-
nation, testing, and results, consult this  
UW-Extension publication:

Contaminants in Urban Soils (A3916), by 
John Folstad, Sharon C. Long, & Doug 
Soldat. Available at  
learningstore.uwex.edu.

Find your local extension office:
 In Wisconsin www.uwex.edu/ces/

Outside of Wisconsin www.csrees.usda.
gov/Extension/

These resources offer more information on 
community gardening, vegetable garden-
ing, soil contaminants, and soil sampling:

American Community Gardening 
Association 
www.communitygarden.org/

Guide to Soil Testing and Interpreting 
Results, by H. Shayler, M. McBride, & E. 
Harrison. Ithaca, NY: Cornell University, 
2009.  
cwmi.css.cornell.edu/guidetosoil.pdf

Soil Contaminants and Best Practices 
for Healthy Gardens, by H. Shayler, M. 
McBride, & E. Harrison. Ithaca, NY: Cornell 
University, 2009. cwmi.css.cornell.edu/
Soil_Contaminants.pdf

Soil Contamination and Urban 
Agriculture: A Practical Guide to Soil 
Contamination Issues for Individuals 
and Groups, by A. Heinegg, P. Maragos, 
E. Mason, J. Rabinowicz, G. Straccini, & H. 
Walsh. Montreal: McGill University, 2002. 
www.ruaf.org/index.php?q=node/1003

Sources and Impacts of Contaminants 
in Soils, by H. Shayler, M. McBride, & E. 
Harrison. Ithaca, NY: Cornell University, 
2009.  cwmi.css.cornell.edu/sources 
andimpacts.pdf

Urban Agriculture and Soil 
Contamination: An Introduction to 
Urban Gardening (Practice Guide #25), 
by A. Houlihan Turner. Louisville, KY: 
University of Louisville, 2009.  
cepm.louisville.edu/Pubs_WPapers/ 
practiceguides/PG25.pdf

Urban Gardens and Soil Contaminants: 
A Gardener’s Guide to Healthy Soil, 
by B. Wieland, A. Leith, & C. Rosen. St. 
Paul, MN: University of Minnesota, 2010. 
www.misadocuments.info/Urban_Soil_
Contaminants.pdf
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Tips for healthy 
gardening
Follow these general pointers to 

further reduce exposure to soil con-

taminants when working in and eating 

from the garden:

• Wash all produce well to remove dirt 
and dust.

• Peel root crops such as carrots and 
potatoes.

• Remove outer leaves of leafy veg-
etables to avoid consuming soil.

• Wear gloves to avoid contact with 
soil, and wash your hands well after 
working in the garden.

• Remove shoes outside to avoid track-
ing soil into the house.

• Watch young children carefully 
when they are playing in soil. Some 
children try to eat it!


