
1	 

Determining the Roots of Contamination: Urban Community Garden Project 
Status Report: Ballard P-Patch for samples collected during Summer 2023 

 

Consumption of contaminants in plants from community gardens and grocery stores across Seattle 

Graphs 1-4 below show the human consumption rates of cadmium, lead, mercury, and arsenic detected in plants across Seattle area community 
gardens sampled in 2023 at one cup per day. Graphs 5-8 show the human consumption rates of contaminants detected in plants across Seattle 
area grocery stores sampled in 2023 at one cup per day. Samples in this section come from grocery stores that people taking surveys indicated 
were places they bought groceries; for a list of grocery stores sampled, see page 18. All plants sampled from grocery stores were labeled organic. 
For cadmium, samples are shown against California’s Office of Environmental Health Hazard Assessment (OEHHA) guidelines for Maximum 
Allowable Dose Level (MADL). For lead, samples are shown against the Food and Drug Administration’s (FDA) Child and Adult Maximum 
Daily Intake (MDI). Mercury and arsenic do not currently have consumption guidelines, so consumption rates of contaminants in sampled produce 
are shown alone. 

Observations and recommendations for your site are provided after Graph 8 on page 10. For exact consumption rates for your site, see the charts 
on pages 11-13. 
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Concentrations of cadmium, lead, mercury, and arsenic in plants collected from Seattle Metropolitan urban 
community gardens 

Graph 1. Consumption of Cadmium in Plants across Seattle Community Gardens at 1 Cup against Maximum Allowable Dose Level 
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Graph 2. Consumption of Lead in Plants across Seattle Community Gardens at 1 Cup against Maximum Daily Intake 
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Graph 3. Consumption of Mercury in Plants across Seattle Community Gardens at 1 Cup 
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Graph 4. Consumption of Arsenic in Plants across Seattle Community Gardens at 1 Cup 
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Concentrations of cadmium, lead, arsenic, and mercury in plants collected from Seattle Metropolitan area groceries 

Graph 5. Consumption of Cadmium in Plants across Seattle Grocery Stores at 1 Cup against Maximum Allowable Dose Level 
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Graph 6. Consumption of Lead in Plants across Seattle Grocery Stores at 1 Cup against Maximum Daily Intake 
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Graph 7. Consumption of Mercury in Plants across Seattle Grocery Stores at 1 Cup 
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Graph 8. Consumption of Arsenic in Plants across Seattle Grocery Stores at 1 Cup 
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Observations and Recommendations for Your Site 

In summer 2023, six vegetable types were sampled from Ballard: lettuce, potatoes, kale, chard, collards, and beets. There were two vegetable types 
to be concerned about in regards to cadmium and lead, based on consuming one cup per day: chard and beets. 

In Ballard produce sampled, cadmium consumption rates in all chard and beet samples and one lettuce sample (BAP-53) exceed OEHHA’s 
Maximum Allowable Dose Level (MADL) for children of 4.1 µg/day. at 1 cup. Most chard (BAP- 20, 39, and 48) and a single beet (BAP-3) 
sampled at Ballard exceeds OEHHA MADL for 100 kg adults of 7.0 µg/day at 1 cup, with BAP-48 having one of the highest cadmium 
concentrations across Seattle community gardens participating in this project at 48.4 µg/day at 1 cup . Potatoes, kale, and collards from Ballard 
show no exceedances of cadmium. 

Lead levels exceed the FDA Maximum Daily Intake (MDI) for children of 3.0 µg/day at 1 cup in many samples: all beet samples from Ballard 
show exceedances, in addition to lettuce (BAP-35), chard (BAP- 20, 39, 48), and collard (BAP-10) samples. For lead, two beet samples (BAP- 
27, 29) exceed the FDA MDI for adults of 12.5 µg/day. No potato or kale samples exceeded FDA MDI for lead. 

Mercury detections were generally very low for Ballard plants. The highest concentration of 0.3 µg/day at 1 cup was detected in BAP-39 and 
BAP-48 (chard). The lowest detection of 0.1 µg/day at 1 cup was most common, found in most lettuce (BAP- 7, 15, 19, 35, 53), all potatoes, 
half the kale (BAP- 5, 9, 23), and half the beets (BAP- 12, 29) sampled. 

Arsenic concentrations are typical of Seattle area community gardens, with the highest being BAP-6 (collard) at 9.5 µg/day at 1 cup. The lowest 
concentration is BAP-36 (potato) at 0.1 µg/day at 1 cup. 

For areas with high concentrations of lead (such as BAP- 10, 20, 27, 29, 35, 39, and 48), gardeners may want to consider growing fruiting 
vegetables like eggplant, tomatoes, and cucumbers in those spaces in lieu of root crops and leafy greens. Gardeners may want to grow root crops 
and leafy greens like beets, lettuce, chard, and collard in separate containers using clean, imported soil. Leafy greens grown in spaces of 
elevated contaminants should have their outer leaves discarded and should be washed thoroughly before cooking or consuming. For more 
information regarding produce recommendations to manage sites with excessive cadmium levels (like BAP- 3, 20, 39, and 48), such as how 
proper nitrogen levels can alleviate cadmium concentrations in plants, and more suggestions on other contaminants, please see 'Some Useful 
Resources' on page 16. 

In grocery store produce, cadmium consumption rates are highest in lettuce (green) with exceedances of the MADL for those weighing 100kg 
(220 lbs). None of the grocery store produce sampled detected lead concentrations above the MDI for children or adults. Concentrations of 
mercury in grocery store produce ARE generally low, but are highest in collards and chard. Arsenic concentrations in grocery store produce 
samples are marginally lower than in community garden produce, with one chard sample showing concerning levels and most arsenic 
concentrations under 2 µg/day at 1 cup. 
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Cadmium and Lead 

The FDA has recently released warnings that children’s diets are too high in cadmium and lead, which could cause impacts to health. See 
https://blogs.edf.org/health/2019/05/07/cadmium-and-lead-kids-food-fda-study/ for more information. 

Tables 1 and 2 below show the consumption rates for arsenic, cadmium, lead, and mercury in the plants that were sampled at Ballard P-Patch in 
summer 2023. The plant categories and plant samples highlighted in red in the table have elevated levels of cadmium and lead assuming that a 
person eats 1 cup of the produce per day. There are no guidelines for consumption of arsenic and mercury in vegetables currently; research is 
ongoing to establish levels. Explanations of the calculations used for cadmium and lead are included after the tables. 

 
 
Table 1. Average Consumption Rate of Contaminants in Ballard Plants by plant category. 

 

Ballard P-Patch Average Contaminant Consumption Rate by Plant Category (µg/day) at 1 cup 

Vegetable Type Arsenic (µg/day) Cadmium (µg/day) Lead (µg/day) Mercury (µg/day) 

Lettuce (BAP- 7, 15, 19, 35, 52, 53) 0.7 2.2 2.8 0.1 

Potato (BAP- 24, 36, 42, 50) 0.2 1.6 1.1 0.1 

Kale (BAP- 5, 9, 23, 33, 49, 54) 0.7 0.8 0.4 0.1 

Chard (BAP- 14, 20, 39, 48) 0.6 20.0 4.0 0.2 

Collard (BAP- 6, 10, 40) 4.8 2.5 2.8 0.2 

Beet (BAP- 3, 12, 27, 29) 1.4 6.3 11.8 0.2 

*Cadmium exceedances are based on OEHHA MADL (4.1 µg/day); Lead exceedances are based on FDA's MDI (3.0 µg/day). 

For the whole site, the average consumption rates of arsenic, cadmium, lead, and mercury were calculated based on concentrations detected and 
compared to OEHHA MADL guidelines and FDA MDI guidelines. Highlighted in red are plant categories and contaminant types that exceed 
those guidelines. 
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Table 2. Consumption Rate of Contaminants in Ballard Plants by sample location. 

 

Ballard P-Patch Contaminant Consumption Rate (µg/day) at 1 cup 

Plant Type Sample ID Arsenic (µg/day) Cadmium (µg/day) Lead (µg/day) Mercury (µg/day) 

Beet BAP-3 1 9.2 5.3 0.2 

Kale BAP-5 1.8 0.4 0.2 0.1 

Collard BAP-6 9.5 2.3 2.9 0.2 

Lettuce BAP-7 0.7 0.9 1.9 0.1 

Kale BAP-9 0.9 0.4 0.4 0.1 

Collard BAP-10 2.3 3.4 4.1 0.2 

Beet BAP-12 1.6 5.5 9.2 0.1 

Chard BAP-14 0.5 4.8 2.3 0.2 

Lettuce BAP-15 0.6 1.1 1.4 0.1 

Lettuce BAP-19 0.6 1.1 1.3 0.1 

Chard BAP-20 0.3 7.4 3.2 0.2 

Kale BAP-23 0.4 0.9 0.2 0.1 

Potato BAP-24 0.2 3.7 1.4 0.1 

Beet BAP-27 1.8 5.3 18.6 0.2 

Beet BAP-29 1.2 5 14.1 0.1 

Kale BAP-33 0.7 1.8 0.8 0.1 

Lettuce BAP-35 1 3.6 8 0.1 

Potato BAP-36 0.1 0.5 1.1 0.1 

Chard BAP-39 0.9 19.6 6.5 0.3 
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Collard BAP-40 2.7 1.8 1.4 0.2 

Potato BAP-42 0.1 1 0.5 0.1 

Chard BAP-48 0.6 48.4 3.9 0.3 

Kale BAP-49 0.2 0.6 0.4 0.1 

Potato BAP-50 0.2 1.3 1.4 0.1 

Lettuce BAP-52 1 2.7 2.8 0.1 

Lettuce BAP-53 0.6 4.2 1.2 0.1 

Kale BAP-54 0.4 0.8 0.3 0.1 

Cadmium exceedances are based on OEHHA MADL (4.1 µg/day); Lead exceedances are based on FDA's MDI (3.0 µg/day). 

For each individual plant sample collected at Ballard, the consumption rates of arsenic, cadmium, lead, and mercury were calculated based on 
concentrations detected and compared to OEHHA MADL guidelines and FDA guidelines. Highlighted in red are the sample and contaminant 
types that exceed those guidelines. 



14	 

Cadmium 
 

 
Above: Diagram of OEHHA MADL based on weight (kg). 

For cadmium, we used the California’s Office of Environmental Health Hazard Assessment (OEHHA) guidance. The OEHHA developed a 
Maximum Allowable Dose Level (MADL) of 4.1 µg/day or 0.07 µg Cd/kg-bw/day. The “µg Cd/kg-bw/day” means how much cadmium in 
micrograms per kilogram of body weight a person would eat per day. This is useful, because if we know how much a person weighs, we can more 
accurately say how much cadmium the person would ingest if they ate one cup of vegetables. The maximum amount the person can eat (i.e. the 
maximum allowable dose level) is based on a person’s weight. We calculated how much cadmium a person could safely eat using the following 
equation: 

 

 
Where: 

MADL= 0.07µg cadmium/kg-Bw/day * Bw 
 
 
0.07 µg Cd/kg-Bw/day = intake maximum of Cd in kilograms by individual body weight per day. 

Bw = Body weight (kilograms) 

MADL = Maximum Allowable Dose Level 

In Graphs 1 and 5, the body weights we used range from 10 kg (about 22 lbs, baby to toddler range) to 100 kg (220 lbs adult). For Tables 1 and 2, 
plant categories and plant samples that exceed the MADL of 4.1 µg of cadmium are highlighted red. 
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Lead 
 

Above: Drawing of a child and his father. 

The U.S. Food and Drug Administration (FDA) provides an Interim Reference Level (IRL) for how much lead a “generic” adult and “generic” 
child can consume per day before a person’s blood level is raised. The FDA states that these limits are 3 µg per day of lead for children and 12.5 
µg per day of lead for adults. We calculated how much lead people would eat if they only ate one cup per day of vegetables using the following 
equation: 

 

 
Where: 

 
 
 
 
Cv = Concentration of contaminant in vegetable (µg/kg). 

Wv = Weight of vegetable consumed (kilograms). 

Wc = Weight of contaminant consumed (µg). 

Wc = Cv * Wv 

Tables 1 and 2 show which vegetables exceeded 3 µg of lead and 12.5 µg if a person ate one cup of vegetables. Plant categories and plant samples 
that exceed 3 µg of lead are highlighted in red. 
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What should I do about the contaminants in my compost/soils and plants? 

Continuing to use composts that have low concentrations of contaminants will aid in keeping contaminant levels down. Get your composts and 
soils tested at least every year. For vegetables, consider planting alternatives that take up less contamination (see below in “Some useful 
resources”), or planting alternative crops you don’t plan to eat, but could still sell, such as flowers. You can also intentionally grow plants to uptake 
contaminants. 

Some other common terms and definitions: 
● Maximum Daily Intake (MDI)- the maximum amount of a chemical that can be ingested daily over a lifetime with no appreciable health 

risk. 
● Maximum Allowable Dose Level (MADL)- the maximum amount of a chemical that can be ingested or inhaled daily over a lifetime with 

no observable effects. 
● Concentration – The amount of a chemical in a given mass of water, soil, or plant tissue. 
● µg/kg= micrograms per kilogram, which is equal to parts per billion. A measure of how many micrograms of a substance (such as metal) 

in a kilogram of solid (such as soil). 

Some useful resources: 
Arsenic 
From Dartmouth Toxic Metals Superfund Research program 
https://sites.dartmouth.edu/arsenicandyou/arsenic-in-fruits-juices-and-vegetables/ 

● Fruiting crops like tomatoes, peppers, squash, cucumbers, peas, beans, corn, melons and strawberries – absorb very little arsenic in 
the parts that you eat. 

● Leafy vegetables like lettuce, collard greens, kale, mustard and turnip greens – store more arsenic in the leaves than other types of 
vegetables. 

● Root vegetables like beets, turnips, carrots, radishes and potatoes – have arsenic mostly in their skins. Peeling these vegetables will 
get rid of most of the arsenic, but avoid eating the peel or composting as this would put arsenic back into the soil. 

Cadmium 
From Rizwan et al., 2017. A critical review on effects, tolerance mechanisms and management of cadmium in vegetables. Chemosphere 182: 90–
105. https://doi.org/10.1016/j.chemosphere.2017.05.013.: 

● Cadmium contamination in vegetables could be alleviated by proper nitrogen (N) management practices. Applying the proper ratios of N 
can strongly affect the cadmium uptake by vegetables. 

● Wheat straw and composted pig manure decreased cadmium availability and uptake by leaves and roots of radish. Pig manure was more 
effective in reducing cadmium uptake by radish than wheat straw. NOTE: The straw and pig manure would need to be tested before being 
used!!! 
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● Biochar, which is an organic material burned under limited supply of oxygen, can be used as a fertilizer and has the ability to immobilize 
both organic and inorganic contaminants in the soil. However, it might also contain contaminants. For more information, see 
https://www.tandfonline.com/doi/pdf/10.3846/16486897.2016.1254089#:~:text=Biochar%20can%20contain%20organic%20contaminants 
,with%20that%20also%20the%20bioavailability. 

Lead 
From K-State Extension 
https://bookstore.ksre.ksu.edu/pubs/mf3166.pdf 

● If leafy vegetables such as Swiss chard are grown in soil with lead concentrations of more than 400 mg/ kg, the outer leaves should be 
discarded. The inner leaves should be thoroughly washed. A solution of 1 tablespoon of vinegar in 1 gallon of water may be used to wash 
vegetables. 

● Root crops tend to accumulate lead. If the soil lead levels are elevated, consider growing root crops in containers filled with clean soil. 
● Fruiting vegetables such as eggplant, tomatoes, and peppers are recommended on mildly elevated soils and for safest practices in lead 

contaminated soil. The outer leaves of the vegetables should be discarded and the vegetable should be thoroughly washed in prepared 
solutions (1 tablespoon of vinegar or liquid detergent dissolved in about a gallon of water) 

● Adding 3 inches of compost and organic matter can reduce the bioavailability of lead to plants, and tilling it in to a depth of about 6 inches 
is a good amount of compost for a soil that is low in organic matter. After a garden is established, adding 1 inch of compost each year is 
beneficial because the compost adds nutrients and improves the soil’s ability to store water. You should test for lead annually. 

 
Information about health risks of different contaminants: 

Petroleum products (diesel and motor oil): Many synthetic fertilizers and pesticides are derived from by-products of the petroleum industry and 
many fertilizers and pesticides sold for distribution are directly dissolved in petroleum oils. Gardeners that utilize fertilizers and pesticides may be 
unintentionally adding petroleum products to their gardens. 

Metals: metals (example arsenic, lead, cadmium) are among the most long lasting contaminants in cities, posing major health concerns. High 
metal concentrations in the human body can lead to various forms of cancer related to arsenic and nickel toxicity; neural damage with arsenic, 
mercury, and lead; and kidney damage and bone fragility with cadmium. Heavy metals have also been shown to disproportionately affect people of 
color in urban gardens. 
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List of Seattle area grocery stores sampled from: 
 

Central Co-op - 
1600 E Madison St, Seattle, WA 
98122 

Costco - 4401 4th Ave S, 
Seattle, WA 98134 

Delridge Grocery Co-op - 5444 
Delridge Way SW Suite 100, 
Seattle, WA 98106 

 
PCC - 15840 1st Ave S Suite 
#102, Burien, WA 98148 

PCC - 450 NE 71st St, Seattle, 
WA 98115 

 
PCC - 430 Kirkland Way, 
Kirkland, WA 98033 

 
Safeway - 9620 28th Ave SW, 
Seattle, WA 98126 

Safeway - 3820 Rainier Ave S, 
Seattle, WA 98118 

 
Safeway - 7340 35th Ave NE, 
Seattle, WA 98115 

Town & Country Markets - 
15505 Westminster Way N, Shoreline, 
WA 98133 

Trader Joe's - 15868 1st Ave S, Burien, 
WA 98148 

 
Trader Joe's - 4555 Roosevelt Way NE, 
Seattle, WA 98105 

 

Fred Meyer - 13000 Lake City 
Way NE, Seattle, WA 98125 

Grocery Outlet - 
1126 Martin Luther King Jr 
Way, Seattle, WA 98122 

Hilltop Red Apple - 

PCC - 3610 S Edmunds St, 
Seattle, WA 98118 

 
QFC - 2500 SW Barton St, 
Seattle, WA 98106 

Safeway - 14444 124th Ave NE, 
Kirkland, WA 98034 

 
Safeway - 1410 E John St, Seattle, 
WA 98112 

Walmart - 15063 Main St, Bellevue, WA 
98007 

 
Whole Foods - 17991 Redmond Way, 
Redmond, WA 98052 

2701 Beacon Ave S, Seattle, QFC - 4500 Wallingford Ave N, Safeway - 2201 E Madison St, QFC - 11224 NE 124th St, Kirkland, 
WA 98144 

MacPherson's Fruit & Produce - 
4500 15th Ave S, Seattle, WA 
98108 

Metropolitan Market - 5250 
40th Ave NE, Seattle, WA 
98105 

Seattle, WA 98103 

 
QFC - 18921 Bothell Way NE, 
Bothell, WA 98011 

Seattle, WA 98112 

 
Sprouts - 13010 Aurora Ave N, 
Seattle, WA 98133 

WA 98034 

 
Thriftway - 4201 SW Morgan St, 
Seattle, WA 98136 


