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FOOD DESERTS IN THE U.S. 

http://www.ers.usda.gov/data-products/food-access-research-atlas/go-to-the-
atlas.aspx 



SMALL SCALE FOOD PRODUCTION 
TRENDS 
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MOST COMMON CONTAMINANT IN 
URBAN ENVIRONMENT 

 

Lead 
• Lead based paint, automobile exhaust, waste oil 
 
• Lead levels of 200-300mg/kg are common in urban 

soils 
 

 



OUR PROJECT (FUNDED BY EPA) 

Work with select community–based 
gardening initiatives to evaluate  
uptake of heavy metals and  
other contaminants by food  
crops, and develop  
recommendations for seedbed 
preparation and corrective/protective action to  
address contaminants. 



7 test sites across the USA: Kansas City, MO; Tacoma, WA, 
Seattle, WA; Indianapolis, IN; Pomona, CA; Philadelphia, PA; 
Toledo, OH 
 

Site Selection Criteria 
 

• Brownfields site 
 

• About 2,000ft2 

 
• Intended for community  
gardening activities 

 

K-State Project: Gardening Initiatives at 
Brownfields Sites 



PROCESS 
• Establish site history 

• Collect soil samples 

• Establish test plot 

• Continuous monitoring for 2 
growing seasons, soil and 
produce sampling 

• Best management practices 
(adding soil amendments, 
raised beds) 

• Training and technical 
assistance to participating 
organizations (sample 
collection, site eval., etc.) 
throughout 
 



Size ~ 138 ft. x 121 ft. 

The site was screened in situ, appr. every 20 ft., for trace 
elements using an x-ray fluorescence spectrometer (XRF) 

Result: moderately elevated  Pb concentrations 

Silt loam (Sand-4%, Silt-75%, Clay-21%) 

Example Site 1: Kansas City, MO 

Soils were also tested for chlordane 



Chlordane - n.d. 
DDT- 0.04 mg/kg to 1.3 mg/kg 
DDE - only detected in two of the submitted 
samples (0.03, 0.04 mg/kg) 

Soil Lead Distribution Map 





Sample ID pH Mehlich-3 P Ext. K NH4-N  NO3-N  OM 
    ---------------------- mg/kg ----------------------- % 

9S 6.6 130 624 53.6 73.2 3.9 

9D 6.6 93 455 9.6 35.1 3.4 

21S 7.2 116 417 11.8 22.7 3.0 

21D 7.2 123 221 9.3 15.0 3.1 

26S 7.8 57 255 8.3 4.3 1.5 

26D 7.6 80 260 8.2 2.2 1.1 

39S 6.9 154 488 15.0 24.2 4.7 

39D 6.9 149 334 9.6 13.3 3.3 
 
S = 0-15 cm 
D = 15-30 cm Texture: Silt loam with 21% clay 

Selected Soil Properties 



April 2010   

June 2010   

Treatments: 
No compost and compost @ 
~25 kg/m2      (5.12 lbs/ft2) 
 

Crops: 
Swiss Chard 
Carrots 
Tomato 
 

Test Plot - 2010 



KANSAS CITY, MO SITE 

Plot # Total Soil Pb (mg/kg) 
 

      Prior to Compost Addition      After Compost Addition 

1 289 203 
2 255 120 
5 253 146 
8 186 114 
Average 246 146 

Contaminant Dilution through Compost Addition 
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Treatment Soil Pb (mg/kg) 

No compost 128-348 

Compost 101-256 

 #  CODEX MCL (FAO/WHO) - 0.3 mg/kg fresh wt. basis  (94% moisture) 

Compost –      59 % 

Lab cleaning-    ~ 67 % 
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Lead Concentration in Carrots 
Lab cleaned 
Kitchen cleaned 
Peeled 
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Element Concentration 
in soil (mg/kg) 

As 17- 162 

Pb 17- 427 

Texture: Sandy loam 
 

Size: 141 ft. x 78ft. 

Example Site 2 

Tacoma, WA 



Tacoma, WA- Community Garden 



Low to medium available N, P and 
K in soils 
Treatments: 
No compost and compost @ 
~28 kg/m2 

Crops: 
Lettuce, Carrots, Tomatoes 
 

Test Plots - Tacoma, WA (2010) 



Lime+ 
Tagro 
added 

Control 

Lead uptake by tested vegetable types was similar compared to other test sites. 

Tacoma, WA - Test Plots 



Arsenic in Lettuce 

Vertical bars represents the means of four replicates 
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Arsenic in Tomatoes 
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Arsenic in Carrots 

Vertical bars represents the means of four replicates 

* MCL- Estimated using daily reference dose limit  



Lead = 437- 513 mg/kg  
Arsenic = 23 - 84 mg/kg 
Polycyclic Aromatic Hydrocarbons = 107 mg/kg 
 
 Texture: Sandy loam 

 

Example Site 3: Monon Site, IN 



# of 
rings PAH Range in test plots 

(ppm) 
Tomato and Carrot  

 (ppm) 
2 Naphthalene <0.4-1.4 < 0.01 
3 Acenaphthylene <0.4-2.4 < 0.01 
3 Acenaphthene <0.4-0.8 < 0.01 
3 Fluorene <0.4-0.8 < 0.01 
3 Phenanthrene 6.8-5.6 < 0.01 
3 Anthracene 0.5-4.5 < 0.01 
4 Fluoranthene 1.6-1.4 < 0.01 
4 Pyrene 1.5-1.2 < 0.01 
4 Chrysene 1.4-10.4 < 0.01 
4 Benzo (a) anthracene 1.1-8.2 < 0.01 
5 Benzo(b)fluoranthene 2.6-18.7 < 0.04 
5 Benzo(k)fluoranthene <0.4-6.0 < 0.04 
6 Indeno(1,2,3-cd)pyrene 1.1-6.8 < 0.04 
6 Benzo(g,h,i)perylene <2.2-7.2 < 0.04 
5 Benzo(a)pyrene 1.4-9.9 < 0.10 
5 Dibenz(a,h)anthracene <0.4-2.3 < 0.10 

PAHs in Soils and Vegetables- 2011 
   

 To
xi

ci
ty

  



• Potential exposure pathway of concern = direct soil exposure: Soil 
→ Human 

• Soil → plant → Human   “Non-significant”  

• Contaminants were consistently diluted by compost addition  

• In general, concentrations of Pb, As, Cd and PAHs in vegetables 
from test sites were low 

• Thorough cleaning of vegetables further reduced the potential of 
transferring soil contaminants to humans via vegetable 
consumption 

• Root crops will be affected by elevated levels of Pb in soils 

• Soil lead on test sites ranged from 100mg/kg to 2,000mg/kg 

 

 

Summary 



SUMMARY, CONT. 

 • Soil lead conc. in sandy, moderately acidic soils >200-
250mg/kg: lead conc. in root crops above WHO/FAO MCL (1 -
1.5 mg/kg dry weight) 

• Soil lead in non-sandy soils, +/- neutral pH, Pb ranging from 
about 250mg/kg to 400 mg/kg: roots crops ok 

• Bioaccessible lead and arsenic in soils tested were low  

• Arsenic uptake was always low and below WHO/FAO MCLs 
(As conc. in soils ranged from 50-130mg/kg 

• PAH uptake by vegetables was low or non-detect with PAH 
conc. in soils up to 107 mg/kg 

• Cadmium conc. in soils >20mg/kg: Cd in leafy vegetables 
above WHO/FAO MCL (4mg/kg dry weight basis) 

 
 



SOIL QUALITY ISSUES IN URBAN SOILS 

• Nutrient Status  inadequate in urban soils 
• Soil pH 
• Organic matter content  low in urban soils 
• Soil type (clayey vs sandy soils) 
• Soil Compaction   yes 
• Soil Chemistry    an issue in urban soils 

• Toxicity of soil contaminants (metals) 
• Excess Na (phyotoxic) 
• Excess salts (phytotoxic) 



COMPACTION 

Reduces soil porosity 
• Air movement and root penetration are restricted 
• Water runs off or ponds instead of infiltrating 
• Roots grow sideways instead of downward 
• Remedies: Tilling and addition of compost  
    (Organic matter binds metals (reduces their 
bioavailability)) 



NUTRIENT STATUS 

• Nutrient status: N, P, K 
• Nitrogen: healthy leaf and stem growth 
• Phosphorus: important for root growth, flower 

production, binds metals (reduces 
bioavailability) 

• Potassium: overall plant health 
 

 

 

 

 



• Measure of soil acidity 
 or basicity/alkalinity 
• Has a great impact on 
 numerous soil chemical 
 reactions 
 
Example: adsorption 
Low soil pH means: 
higher mobility of cationic metals 
lower mobility of anions 
 

pH 



ORGANIC MATTER 
• Enhances soil color  
• Improves soil structure 
• Improves soil drainage and aeration (clayey 

soils) 
• Retains Water (sandy soils) 
• Provides soil nutrients 
• Encourages microbial activity 
• Binds contaminants, reduces bioavailability 
• Ideal OM content depends on soil type 
 Below 1-3 % OM can be considered as low 



Clayey Soil and Zinc 

Courtesy of CSIRO, Land & Water, Australia 



Sandy Soils and Zinc 

Courtesy of CSIRO, Land & Water, Australia 



 Addition of Soil Amendments Can 
Reduce Contaminant 
Bioavailability 
 

Metal 
contaminated 

soils- unamended 

With 
Lime 

 

With Beringite-  
modified 

aluminosilicate 
 

With Red Mud  
Fe oxide rich residue 

 

Bioavailability: the fraction of the chemical(s) of concern in soil that is 
accessible to an organism (human or plants) for absorption 

Courtesy of CSIRO, Land & Water, Australia 

Same contaminated soil, different soil amendments, different effects    
 

Addition of Soil Amendments Can Reduce Contaminant 
Bioavailability 
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USE OF SOIL AMENDMENTS 

The Use of Soil Amendments for Remediation, Revitalization, and Reuse, EPA 542-R-07-013, 2007 



CROP SELECTION 

• Root crops vs leafy and fruit bearing 
vegetables 
 

• Root crops take up more metals compared 
to leafy and fruit bearing crops 
 



• Till and add compost to mitigate compaction 
• Add compost/biosolids to improve soil structure, 

mitigate compaction, to provide nutrients and to 
reduce bioavailability of metals 

• Add lime or acidulating materials to adjust pH to 
reduce bioavailability of metals 

• Maintain optimum nutrient levels - provide P to 
reduce bioavailability of metals 

• Select suitable crop types 
  

BMPs 



CONTACT INFORMATION  
 
Dr. Sabine Martin 
CTOR Solutions & KSU 

Dept. of Agronomy 
785-587-0136 
smartin1@ksu.edu 
smartin@ctorsolutions.com 
   
 

 
 
Dr. Ganga Hettiarachchi 
Dept. of Agronomy 
Kansas State University 
785-532-7209 
ganga@ksu.edu   
 

http://www.gardeningonbrownfields.org 

mailto:smartin1@ksu.edu
mailto:smartin@ctorsolutions.com
mailto:ganga@ksu.edu
http://www.gardeningonbrownfields.org/


 

• Co-PI Dr. Ganga Hettiarachchi (and other investigators) 

• Graduate students: Chammi Attanayake, Phillip Defoe 

 

 

• Jake Wagner (UMKC); Chris Benedict (WSU); Kristen 
McIvor (UW); Ginny Roberts (Purdue Extension); Monica 
Palomo (Cal Poly); Mary Seaton Corboy (Greens Grow- 
Philly); Michael Szuberla & Karen Wolkins (Toledo 
Botanical Gardens)  

• Regional brownfields offices, EPA Region III, V, and VII 
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Contributors 
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