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Presenter
Presentation Notes
Urban soils might include harmful chemicals, but there are many ways to work safely with these soils. Come learn how to do your own risk assessment and learn step-by-step instructions for how to test your soil. This workshop includes something for everyone, from renters to homeowners



Harmful chemical pollutants are often found 
in urban soils
• Example chemicals: metals like lead (Pb) and petroleum byproducts.1

• Safe growing practices protect us from chemical exposure
• Benefits of growing food usually outweigh risk from chemicals2
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Presentation Notes
Other harmful chemicals include the elements arsenic, cadmium, and chromium, and organic (carbon-based) chemicals like pesticides, industrial emissions, and chlorinated chemicals. We will talk more about these later. Safe growing practices are generally good production practices, like keeping soil mulched Benefits include better nutrition, exercise, positive mental health.Ecosystem benefits include improved soil health, pollinator habitat, biodiversity. For example, in an area of Arizona with elevated (up to 374 mg/kg As) arsenic in soil, researchers found that eating food grown in arsenic-contaminated soil was NOT the main way home gardeners took in arsenic. The main way was through drinking the local arsenic-contaminated water. (Ramirez-Andreotta 2013 Home Gardening… Note: why are we using the word chemical to describe metals as well as petroleum byproducts and other substances more commonly considered “chemicals”? IUPAC, Internation Union of Pure and Applied Chemistry, defines a chemical substance as: “Matter of constant composition best characterized by the entities (molecules, formula units, atoms) it is composed of. Physical properties such as density, refractive index, electric conductivity, melting point etc. characterize the chemical substance.” We felt chemical was the broadest term that could encompass harmful inorganic and organic chemicals.IUPAC. Compendium of Chemical Terminology, 2nd ed. (the "Gold Book"). Compiled by A. D. McNaught and A. Wilkinson. Blackwell Scientific Publications, Oxford (1997). Online version (2019-) created by S. J. Chalk. ISBN 0-9678550-9-8. https://doi.org/10.1351/goldbook.e 



Risk depends on exposure

• Risk that a chemical will harm our bodies depends on 
• how hazardous it is
• how we are exposed

• Risk = Hazard × Exposure
• Lower exposure to decrease the chances of harming health

• Key point: if we’re not exposed to a chemical, we’re not at risk, even if 
the chemical is still present
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The risk that a chemical will harm our bodies depends on how hazardous it is, and how we are exposed. Risk = hazard × exposureWe can lower our exposure, or contact with a chemical, to decrease the chance of harming our health. Risk is about probability: A statistical assessment of the chances for a given outcome across the entire population. Risk is generally not based on you as an individual.Cumulative risk assessment considers the protective factors, or benefits, like better nutrition from eating health food, exercise from gardening, being outside and positive mental health, as well as negative impacts from exposure to chemicals (Raditz et al)



How are we exposed to chemicals?

• Exposure pathways:
• Eating soil particles
• Breathing in soil dust
• Eating plants that contain harmful 

chemicals inside or on the surface 

http://www.biology.arizona.edu/

Presenter
Presentation Notes
We can be exposed to harmful chemicals in soil when we:eat soil particles, especially the very small particles that adhere to our handsbreath in soil dusteat plants that have contain harmful chemicals on the surface or inside. Eating soil particles is the most common exposure pathway in a vegetable garden scenario. (cite) 



Common harmful inorganic chemicals

• Metals and metal-like elements
• Lead (Pb)
• Arsenic (As)
• Cadmium (Cd)
• Chromium (Cr)

• Vehicle emissions, paint, pesticide use, industrial emissions, 
household waste, and chrome plating are sources of metals  
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The definition of an inorganic chemical is a chemical without carbon. Elements cannot be broken down, whereas many carbon-based compounds can be broken down into other carbon-based compounds and (eventually) to carbon dioxide and water.People commonly ask if arsenic or lead can be broken down. Arsenic and lead are elements. Elements can change chemical form (meaning, for example, they can become ions, gain or lose electrons, become attached to oxygen or carbon, etc) and move from one part of the soil to another, but cannot be “broken down”. Barring radioactive decay, the element will always be itself - lead will always be lead. This is a very important point. 



Lead is the most common metal in urban soils

• Sources: Historic use of lead paint and leaded 
gasoline. 

• Older homes (pre-1978) are most likely to have been 
painted with lead paint. 

• Lead exposure has serious negative effects on 
children’s health

• Including lowered IQs10,11

• Children metabolize up to 50% of lead they ingest
• Adults metabolize less than 5%
• Children are at greatest risk for lead poisoning, though 

adults are also at risk
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Presentation Notes
Sources: Historic use of lead paint and leaded gasoline. Older homes (pre-1978) are most likely to have been painted with lead paint. Photo is of many layers of peeling lead-based paint on a window in a 1929 house.Lead paint was used from the 4th century BC and was banned in the US in 1977. Lead paint is commonly white and appears on trim though can be on any exterior or interior surface in older residential buildings. Lead paint can sometimes be recognized by an “alligator” crack pattern. Lead paint gets into soil when it flakes off poorly maintained buildings, or when chips/dust from sanding and prepping surfaces is not properly contained. Lead dust can blow from one property into another. Leaded gas was used in motor vehicles from the 1920s and was phased out beginning in the 1970s. Lead in gasoline is found in automobile exhaust and settles on soil adjacent to roads. Roads with higher traffic levels have higher levels of lead in adjacent soil. Airborne lead dust from vehicle emissions and paint collects on roofs and walls and is washed off onto adjacent soil during rainstorms. Industrial sources of lead include metal smelting, brass manufacturing, and lead acid battery recycling. Lead exposure has serious negative effects on children’s health, including lowered IQs.10,11 Lead is a neurotoxin. Lead functions like calcium in our bodies and interferes with neuron functioning and bone formation. Children absorb up to 50% of ingested lead, because their gastro-intestinal pathway is not well developed, while adults only absorb <5%. Children of color are almost 4 times more likely than White children to have elevated blood lead levels, making this a social and environmental justice issue.   all in Laidlaw and Filippelli 2008, cite



How are we exposed to lead?

• Eating soil particles on hands
• Common way children are exposed to lead, both outside and inside homes
• If a building has been painted with lead paint, lead levels in soil near the 

building will be highest closer to buildings (within 10-15 feet)6

• Other common ways children are exposed to lead 
• Lead paint
• Lead dust (from soil and paint) on floors/rugs
• Drinking water from lead water pipes
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Eating soil particles on hands is a common way for children to be exposed to lead. Lead-containing soil dust is not just a problem outside. It can be tracked or blown inside  and accumulate, especially on floors/rugs, and windowsills (even when there’s no lead paint present on the window itself). Children can also be exposed to lead inside homes from paint, and from drinking water from lead pipes.In home fires, lead from lead pipes and paint can melt be deposited on soil (think arson of poorly maintained buildings, as well as other home fires).Exposure to lead inside homes is sometimes more of a problem than exposure to soil dust outside, but exposure outside should still be controlledIf a building has been painted with lead paint, the soil closer to buildings (within 10-15 feet) will probably have the highest levels of lead.6Lead dust can blow from one property to another, so cleaning up one property is not as effective as cleaning up a whole block.  cite Laidlaw and Filippelli 2008



• Petroleum byproducts (vehicle exhaust particles, automotive fluids) 
• Pesticides/herbicides
• Chemical residues from burning trash 
• Sources: Vehicle emissions, automotive repair, industry, power plants, 

gas stations, and dry cleaners

Common harmful organic chemicals
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Organic chemicals are carbon-based chemicals.Many carbon-based compounds can be broken down into other carbon-based compounds and (eventually) to carbon dioxide and water.Many carbon-based compounds created by humans have natural analogs, so microbes can degrade these compounds. Some compounds that humans have created have no natural analogs (these are called xenobiotic, or “foreign to life” chemicals). These are much harder for microbes to decompose, because microbes have not had time to evolve specific degradation mechanisms, and so apply degradation methods from natural chemicals to these xenobiotics. Therefore, xenobiotics tend to stay in the environment for long periods of time. Examples of common harmful organic chemicals found in urban soils include polycyclic aromatic hydrocarbons (PAHs), dioxins, chlorinated pesticides like DDT, hydrocarbons (fossil fuel byproducts) like benzene, toluene, xylene, etc., and PCBs (polychlorinated biphenyls). 



Take these preventative measures to stay safe

• Risk-based decision making
• Determine if it is safe to grow food in your soil

• Healthy growing practices
• Decrease exposure to harmful chemicals if some might be present in your soil 

• Test your soil 
• It’s never too late!
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We’ll talk next about these three approaches.



Risk 
assessment

Soil testing

Safe 
growing 
practices
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Three approaches to staying 
safe while growing food in 
urban soils
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Presentation Notes
These three approaches can be thought of as a triangle.The base consists of risk assessment and safe growing practices. Anybody can do these two approaches.Anyone can do answer our risk assessment questions and follow these safer growing practices, regardless of whether they can test their soil. Soil testing builds on risk assessment and safe growing practices. For folks who are in a position to test their soil, soil testing adds a valuable layer of information about the risk of working in their soil. It might not make sense for some folks to test their soil, if (for example) folks live in rental housing or are on a tight budget. Sometimes community and university groups will provide free soil testing. 



Risk assessment

11

Image: Study.com

Presenter
Presentation Notes
Im



Risk assessment: Is it safe to grow food in my 
soil? 
• You and your soil are unique

• No comprehensive set of guidelines8 that works for everybody
• Only you can determine your risk, and only you can determine what steps to 

take to make your risk acceptable to you

• Use risk-based decision-making to determine what level of risk is 
right for you
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You and your soil are unique. Only you can determine your risk, and only you can determine what steps to take to make your risk acceptable to you. There is no comprehensive set of guidelines8 that works for everybody.There are no federal US EPA guidelines that determine what levels of chemicals are safe in urban agricultural soils. There’s still a lot that scientists don’t know about how people are exposed to chemicals in urban agricultural soils. It’s hard to set general thresholds because there are so many factors at play.Federal and state cleanup thresholds are based on site cleanup objectives that aim to decrease exposure in residential or industrial settings below safe risk thresholds (for example, a 1 in 100,000 increase in cancer risk), These risk calculations do not include eating crops grown in the site soil, so that’s why the thresholds are not easily transferred to urban agriculture applications. Decision-making questions can help you determine what level of risk is right for you. County cooperative extension staff can help you answer these questions.



Site Assessment Questions Lower Risk Higher Risk

Are chemicals of concern present above 
background levels?

Fewer chemicals, and/or 
lower levels of chemicals

More chemicals, and/or 
higher levels of chemicals

Are there kids in the garden? No and/or rarely Yes and/or frequently

What size is the garden? Small Large

Are there painted buildings older than 1978 
nearby? No Yes

Is the garden within 10-15 feet of a building? No Yes

Has there ever been industry nearby? No Yes

How much time do you spend in the garden? Little time Lots of time

Risk-based decision-making questions

Higher Risk factors: more 
support for raised beds,  

more important to follow 
Safe Growing Practices

Lower Risk factors: more 
support for gardening in the 

ground, less important to 
follow Safe Growing Practices
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Are chemicals of concern present above background levels?This is best answered after soil testing! But even if you can’t test your soil, there’s a lot you can do to assess your risk.Are there kids in the garden?Kids absorb more chemicals than adults because they have faster metabolisms.What is the size of the garden?Larger gardens involve more potential exposure to chemicals.Are there painted buildings older than 1978 nearby?Older buildings, especially buildings with painted trim, are a potential source of lead.Is the garden within 10-15 feet of a building?Lead and other chemicals are likely to be higher adjacent to building walls. Airborne lead dust from vehicle emissions and paint collects on roofs and walls and is washed off onto adjacent soil during rainstorms. Has there ever been industry nearby? Chemicals can stay in soil for a long time, so even previous industry can be an ongoing source of chemicals in soil. How much time do you spend in the garden?Longer times mean more potential exposure. 



Site Assessment Questions Lower Risk Higher Risk

What crops do you grow? 
Fruiting crops (squash, 
tomatoes, peppers, fruit 
trees, etc.)

Root vegetables (especially 
carrots/radishes) and leafy 
greens

How much garden-produced food do you eat?
Food produced in garden is 
a small amount of all food 
eaten

Food produced in garden 
makes up the majority of 
food eaten

Is the soil surface covered? Covered with mulch Uncovered/bare soil

How much clay vs. sand is in your soil? Clayey soil Sandy soil

What is the soil pH? Neutral to alkaline (6.5-8.0) Acidic (<6.5)

How much organic matter is in the soil? A lot A little

Risk-based decision-making questions

Higher Risk factors: more 
support for raised beds,  

more important to follow 
Safe Growing Practices

Lower Risk factors: more 
support for gardening in the 

ground, less important to 
follow Safe Growing Practices 14
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Presentation Notes
What crops do you grow?Lead is typically stored in roots. Lead can be found in leafy greens, inside the leaf and splashed onto the leaf surface. Lead is rarely found in the fruiting part of the plant, so crops like tomatoes and fruit trees are safer to grow on soil that might contain lead.How much garden-produced food do you eat?What percentage of food that you eat comes from your garden? Eating more food grown in your soil can increase your risk of exposure to chemicals, IF chemicals are present.Is the soil surface covered?Bare soil can splash onto crops, especially the underside of leaves, and can blow onto fruit crops and onto other soil.How much clay vs. sand is in your soil?Chemicals stick to clay soil so are less likely to be taken up into plants. If clay soil particles are ingested, attached chemicals are less likely to be absorbed into the human body. [cite]What is the soil pH?Metals become more soluble, and therefore available for plant and human uptake as soil pH decreases from around pH 7.  cite Martinez and Motto for pH 7. What is the organic matter content of the soil? Metals, especially lead, can stick to organic matter in soil and be less available for plant and human uptake. This can mean lead is less bioavailable in urban agricultural soils compared to surrounding urban soils. CITE 



Safe growing practices

15Photo: Rebecca Finneran, MSU Extension
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Note the raised beds, mulched paths, and hedgerow; no uncovered soil at ground level



Safe growing practices

• Wash produce and hands before eating 
• Wash produce with commercial vegetable wash, vinegar (2.5 tablespoons vinegar in 

1 gallon water), or tap water3

• Do not let children contact soil 
• Protect children from soil if lead levels are greater than 80 mg/kg (ppm)4, or if other 

chemicals might be present

• Do not bring soil inside 
• Leave shoes outside
• Wear gloves
• Wash hands with soap and water after working with soil
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Washing produce removes soil dust that might be on the outside, as well as air pollution that has fallen onto the surface. Vinegar (acetic acid) acts as a surfactant to help remove soil particles from vegetables. CITE. [which one is better – See Rob’s email]Hands should be washed before eating, smoking, or any activity that brings hands to mouth.Kids typically have a lot of hand-to-mouth contact, so it’s important to protect children from soil if chemicals might be present, as well as make sure kids wash their hands if they have contacted soil. Exposure to soil dust happens inside the home as well as outside, so it’s important to keep soil dust outside. For example, have a dedicated pair of garden shoes and leave them outside.It is also important to prevent pets from laying in bare soil and then bringing soil dust into the house on their fur.



Safe growing practices

• Do not work with dry soil 
• Only work with moist (not wet) soil to avoid producing dust (especially when 

tilling) 

• Do not leave soil bare. 
• Mulch beds and paths
• Keep soil surface covered to avoid “backsplash” of soil particles onto plants 

• Plant hedgerows. 
• Grow tall shrubs, vines, flowers along street to block vehicle exhaust
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Working with dry soil increases generation of dust. Working with wet soil increases soil compaction. Lightly moist soil is the happy medium!Mulch beds and paths. Covering soil creates a barrier between you and the soil, prevents the soil from forming dust, and prevents soil from splashing back up onto the underside of leaves and produce during rains. Plus, keeping soil covered has a lot of other benefits: it’s good for maintaining soil moisture and a more constant temperature, preventing formation of a crust on the surface, etc. Cover soil with newspaper and/or straw or leaf mulch, but avoid wood chips which add a lot of carbon and tie up nitrogen in the soil. Hedgerows are a _____ collection of plants grown on the edge of a field. Hedgerows are great for increasing biodiversity, including pollinator diversity, creating a space for beneficial insects, as well as trapping airborne pollutants. 



Safe growing practices

• Do not plant root vegetables and leafy greens in soil where chemical 
levels might be high 

• Lead levels are likely to be very high within 10 feet of painted, older 
buildings5,6

• Plant root vegetables and leafy greens where lead levels in soil are likely to be 
lower (farthest from buildings/in a raised bed)

• Plant fruiting crops where lead might be higher (closer to buildings) 
• Only grow ornamentals, no food, adjacent to buildings
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Lead levels are highest directly adjacent to buildings painted with lead pain, because of paint chipping off exteriors and falling to soil.However, lead levels are highest even adjacent to unpainted buildings because lead dust in the air collects on the side of buildings and gets washed to soil during rains.Root vegetables, especially carrots and radish (expanded hypocotyl root vegetables) take up lead and store it in the inside of the vegetable, so peeling these vegetables will not remove lead. Leafy greens both take up lead and often have soil on the underside of leaves (especially lettuce). Fruiting crops (tomatoes, squash, legumes, fruit trees) will take up and store the lowest amount of lead in the edible portion (rephrase). Do not let squash contact soil. It’s still important to wash produce. Only ornamentals (flowers, etc) should be grown directly adjacent to buildings. 



Safe growing practices

• Do not grow in your soil if chemical levels might be high 
• Use raised beds (at least 1 foot deep) filled with clean soil 
• If you’re growing in the ground, mix soil (till 1-2 times) and add compost (6 

lbs/ft2, or 2 inches deep) to top foot of soil to dilute chemicals7

• Do not grow in 100% compost
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Raised beds are a good alternative to growing in soil if chemical levels are known to be or might be highRaised beds should be at least 1 foot deep. If chemical levels are extremely high, it is a good idea to create a barrier so that roots growing more than 1’ deep cannot contact soil. This can be tricky, as you want a barrier that’s permeable to water but not roots, and will not degrade sooner than the rest of the bed structure. Urban Adamah in Berkeley had a nice design at their old San Pablo farm where they placed raised beds on top of pallets so there was a physical space between the bottom of the raised beds and the soil surface.Raised beds have additional benefits (higher growing surface, requires less kneeling; can look nice) and drawbacks (can be expensive and dry out more quickly/require more water).If chemical levels might be high, but you need need to grow in the ground, mix soil to distribute chemicals and add compost to dilute and possibly stabilize chemicals. Remember to till slightly moist soil to avoid generating soil dust. This is very important.(However, if you’re working with compost, remember that growing in 100% compost is not a good idea, as nutrient and salt levels are too high in undiluted compost.)



Sampling your soil

20



Sampling your soil: an overview

• Detective work
• Find out what to test for based on site history
• Different chemicals have different testing fees, so a little preparation can save 

you money

• Collect soil samples
• Follow our instructions to increase confidence in the test results

• When you get your results, use risk-based decision making to 
understand how the chemicals in your soil might affect you and 
others.
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Tests can range from tens to hundreds of dollars. We will teach you a soil sampling method that will give you good results, if you follow it carefully. Some other ways of collecting samples can give false positives or false negatives. The method we will teach you is used by the US EPA and some state government agencies, and is accepted by the State of California Department of Toxic Substances Control. We will also give you some guidelines for understanding your results.



Step 1. Research your land’s history to decide 
what chemicals to test for
• Testing for chemicals in soil runs from tens to hundreds of dollars per 

sample, so good detective work can save you money.
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Tests are available for some chemicals individually, and for some chemicals as a package. Testing for individual elements (for example, just lead) tends to be much cheaper than testing for multiple elements or for organic chemicals. Some extension labs, especially at east coast land grant universities, offer affordable packages that test for lead and nutrients. Here’s an example of a nutrient package that includes lead, for $20, and a package that tests for multiple metals, for $55+. The UC Extension cannot endorse specific labs, but local labs are listed on Master Gardener webpages. 



Step 1. Research your land’s history to decide 
what chemicals to test for
• Find out what your land was used for before, and what was located 

nearby. 
• If you’re testing soil in a residential neighborhood with houses older than 

1978, and/or soil in a high-traffic area, test for lead.
• Look at Sanborn fire insurance maps 

(https://www.loc.gov/collections/sanborn-maps/) to see historical buildings in 
the area. 
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Always test for lead if you live in a neighborhood with old houses or in a high traffic area. Lead is the most common metal found in urban soils. Sanborn fire insurance maps were issued for US cities and towns every few years in the 19th and 20th centuries (1866 to the 1970s) and show details on every building. They are a great way to see what buildings might have been located on a vacant lot. In the map on the viewer’s right, the red circle shows several buildings on a Sanborn map of what is now the UC Berkeley student organic garden. This Sanborn map was used to help interpret lead levels in the garden soil. 

https://www.loc.gov/collections/sanborn-maps/


Step 1. Research your land’s history to decide 
what chemicals to test for
• Ask neighbors/elders who have lived in the area a long time
• Consider other sources of pollution

• Illegally dumped trash
• Industrial plants
• Refineries
• Municipal garbage incinerators
• Personal auto repair in yards

24
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There are many sources of soil pollution in urban areas, in addition to lead. Researching your site’s history can be fun and a great way to connect with neighbors and elders! Ask them what used to be in the neighborhood. Some sites have a history of illegal dumping. For example, Urban Tilth, an urban agriculture organization in Richmond, CA, found that the site where they started their North Richmond Farm had a history of dumping which lead to mixed debris in the soil. Testing showed that even though organic chemicals were present in the soil, they were not prohibitively high. Some sites are near current or historic industrial plants. For example, arsenic soil pollution was found in neighborhood soil in the South Philips neighborhood in Minneapolis, MN, the result of wind blowing arsenic residues from an arsenical pesticide plant that was located upwind of the neighborhood. Refineries can be a source of hydrocarbon pollution in the soil downwind from the plant. Municipal garbage incinerators can be a source of organic chemicals, especially dioxins and polycyclic aromatic hydrocarbons (usually known as PAHs), if the emissions from burning garbage are or were not tightly regulated. 



Step 2. Figure out what area you will sample

• Divide your space up into areas based on likely metal concentrations, 
past and future land use. Sample each area separately. 

25
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Your soil sample will be averaged over an area and we want to be able to assume that the average is meaningful. So we want something to be similar for all the soil, whether that’s the likelihood that chemicals are present there, or the use of the soil for food production. Here in this example, we are classifying land by both of these things, so you would sample the red, yellow, and green areas separately. We’ll walk through now why we divide the areas of this yard like this.



Step 2. Figure out what area you will sample

• Divide your space up into areas based on likely metal concentrations, 
past and future land use. Sample each area separately. 
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here. Lead and other 
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highest.

Presenter
Presentation Notes
The Red highlighted areas show areas where lead and other chemical levels are likely to be highest. Lead levels are likely to be highest adjacent to buildings and near streets, which here are highlighted in red. Buildings:Lead paint can flake off buildings and fall to soil. Lead dust in the atmosphere collects on the side of buildings and washes off during rain into the soil.So, lead can accumulate here from dust washing off, even if the building was not painted with lead paint (cite Nic)Roadways:Lead accumulates in soil adjacent to roads, especially in areas with heavy traffic.Traffic also involves other pollutants like hydrocarbons from vehicle exhaust, metals from brake pads, etc. Sheds and trash piles:Sheds/garages can be painted in lead-based paint.Burning trash creates organic residues in soil. Disposal of household chemicals and automotive fluids in soil also pollutes soil. 



Step 2. Figure out what area you will sample

• Divide your space up into areas based on likely metal concentrations, 
past and future land use. Sample each area separately. 
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Presentation Notes
Lead levels have been shown to decrease 10-15 ft away from buildings, so the yellow areas here indicate areas that could be OK for food production.



Step 2. Figure out what area you will sample

• Divide your space up into areas based on likely metal concentrations, 
past and future land use. Sample each area separately. 
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The green area would be the lowest risk place to grow food. This area is farthest from buildings and roadways, and leaves a buffer zone with neighboring properties.Now that you’ve chosen your sampling area, the next step is to gather your tools… 



Step 3. Gather the tools you will need

• Ruler
• 3 clean buckets
• Shovel or trowel
• 3 quart-sized, labeled plastic bags
• Spoon
• Gloves (clean)
• Paper, etc. to make map

3 plastic 
bags

Spoon3 bucketstrowel

ruler
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Ruler to measure the depth of the hole3 buckets to collect your 3 composite samples (more on this in a minute)Shovel or trowel to dig small holesPlastic bags to contain samplesSpoon to remove a small amount of soil from each hole you dig (more on this in a minute)Clean gloves to protect your handsPaper, etc. to make a map of your sampling areas



Step 4. Collect composite samples for best 
results
• Chemicals in soil aren’t usually distributed 

evenly
• Results will be stronger if you collect a 

“composite” sample that combines lots of 
small subsamples, instead of just a few 
individual samples. 

• Best to collect 3 composite samples (i.e., 3 
replicates) from the same area

Here, we call these 3 
replicates the “square ”, 
“triangle”, and “circle” 
samples. 
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Having a lab analyze 3 replicate, composite samples gives you good results and saves you money compared to sending in a lot of individual (‘discrete”) samplesTheoretically, the results for your 3 replicates should be the same, so depending on whether or not they are, you can get information about how much variation there is in the chemical levels in your soil. Large differences in replicates = lots of variation. Small differences = small variation.Here, we call these 3 replicates the “square ”, “triangle”, and “circle” samples. In statistical terms, having 3 replicates allows you to calculate a standard deviation and more accurate confidence interval: see https://stats.stackexchange.com/questions/230171/is-it-meaningful-to-calculate-standard-deviation-of-two-numbers



Plan the 3 composite samples 

• Divide your area into sections that are about 
equally sized. 

• Use about 30 sections9, like a 6 x 5 grid, 
depending on the shape of your space. 

• It doesn’t matter how big the sections are. They 
should all be about the same size.

• Mark the grid on your map. 
• To collect each of the 3 composite samples, 

sample a small amount of soil (a subsample) 
from each of the ~30 sections and mix the 
subsamples together in a bucket. 
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If you can’t do 30, that’s OK, but remember, the more sections, the better your results will be. Some professionals even go up to 50 sections!The number of sections is based on anticipated variability of the amounts of chemicals in your soil. It’s not really based on the area of your sample. 



In each section… Hole top viewB)Hole side viewA)

C)

• Dig a hole 6 inches deep with the 
trowel or shovel. 

• Use a spoon to scrape up the side of 
the hole from the bottom to the top. 

• Put the spoonful of soil in the “square” 
bucket. 

• Repeat from a different side of the 
hole and put the soil in the “triangle” 
bucket, and from a third side of the 
hole for the “circle” bucket. 
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Step 5. Send samples to the lab

• When you are done collecting from each section, mix the soil in each 
bucket very well. 

• Take out a cup (remove rocks) and place in a bag to send to the lab. 
• Air-dry the soil (open the 3 bags) before shipping. 
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Remove rocks, stems, leaves, etc. from the sample. 



Find a lab

• To find a lab, check with the local agricultural extension or Master 
Gardener group, for example 
https://ucanr.edu/sites/MG_Alameda/files/188922.pdf. 

• Test fees run from tens to hundreds of dollars per sample, depending 
on what you are testing for. The lab can help advise you on what to 
test for. 

• Follow lab shipping instructions. 
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Labs usually have a Chain of Custody or service order form to fill out.Feel free to call labs to talk about test options. Many professional labs have staff who will be happy to advise you on what tests would work best for your samples.However, some professional labs are not very interested in talking to people who only have a few samples to be analyzed. 

https://ucanr.edu/sites/MG_Alameda/files/188922.pdf


Step 6. Interpret soil sample results

• Look at your 3 composite samples for a given area. 
• How similar are the levels of chemicals in the 3 replicates? In urban areas soil 

quality can vary greatly over small areas.
• Compare the levels in your samples to Residential Soil Screening 

Levels4,8

• The US EPA does not provide guidelines for chemical levels in urban 
agricultural soils. 

• In California, find state guidelines at the Department of Toxic Substance 
Control3.

• Use the risk-based decision-making chart (page 2) to determine how 
safe it is to grow food in your soil.
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Presentation Notes
Refer back to your map to remember which area you sampledResidential Soil Screening Levels can be hard to find. 



Chemical levels in the 
3 replicate samples 

are…

Similar
(chemicals are evenly 

distributed in soil)

Different
(chemicals are not evenly 

distributed in soil)

Levels are below 
the Soil Screening 

Level

Levels are near or 
above the Soil 

Screening Level

Lower risk

The highest level is 
well below the Soil 

Screening Level

The highest level is 
near or above the 

Soil Screening Level

Higher risk; 
consider raised 

beds
Lower risk

Higher risk; use 
raised beds or 

resample a smaller 
area
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Presentation Notes
Theoretically, the results for your 3 replicates should be the same, so depending on whether or not they are, you can get information about how much variation there is in the chemical levels in your soil. Large differences in replicates = lots of variation. Small differences = small variation.Here, we call these 3 replicates the “square ”, “triangle”, and “circle” samples. In statistical terms, having 3 replicates allows you to calculate a standard deviation and more accurate confidence interval: see https://stats.stackexchange.com/questions/230171/is-it-meaningful-to-calculate-standard-deviation-of-two-numbers



Soil sampling: do it, if you can

• Soil sampling is not for everybody, but those who follow this method 
feel it’s worth the effort!

• Even if you can’t sample your soil, there are still plenty of ways to 
protect yourself
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