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Urban Farming: Lead Problems and Remediation Solutions 

 

Evan Green 

 

 

Abstract   The increasing popularity of urban agriculture as a method of localizing food systems 
has created a mounting need to address soil pollution in urban farms. Lead is an especially 
pervasive pollutant in urban soils with a number of detrimental health effects. Phytoremediation, 
the use of plants to extract or degrade pollutants, has shown promise for cleaning up lead-
contaminated soils, yet its potential for urban farms has not been evaluated. A meta-analysis of 
the literature was conducted to determine what dangers lead presents to those involved in urban 
farms, what food crops should not be grown when lead is present, and how a phytoremediation 
project designed to remove lead should be conducted. This analysis was then applied to the case 
study of Alemany Farm in San Francisco, CA, a farm with known lead concentrations between 
60 and 720 ppm. It was found that all food crops besides tree fruits may pose a threat to human 
health if grown in Alemany Farm soils. A reasonable plan for phytoremediation of lead utilizing 
Indian mustard (Brassica juncea (L.) Czern) was found to exceed the budget available to 
Alemany Farm, with the time scale of the project also making it unfeasible. From the results of 
this study, it appears that phytoremediation will generally not be feasible for small-scale urban 
farms, and that other steps should be taken to reduce the threat of lead for urban farmers.  
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Introduction 

With its reliance on heavy consumption of fossil fuels, the current global industrialized food 

production and distribution system has been recognized as inefficient and unsustainable (OECD 

1995). This system typically requires massive inputs of fossil fuels to power machinery, produce 

petrochemical fertilizers and pesticides, and transport food. Long-distance transport of food is 

encouraged by low fuel prices, with food in the United States traveling an average of 1300 miles 

(Riebel and Jacobsen 2002). This creates the need for increased refrigeration, packaging, and 

fuel (Halweil 2004). With such a large amount of resource and energy use tied up in the 

distribution of food, creating food systems which receive more of their food from local sources 

could have a major impact on reducing resource consumption and greenhouse gas emissions, and 

in general creating more “sustainable” food systems.  

One promising tool for localizing food systems and reducing the consumption of resources 

involved in food production is urban agriculture, the production of food and nonfood crops in 

urban and suburban areas for urban markets (Mougeot 2006). This drastically reduces the 

amount of fuel necessary to ship food to population centers, can utilize large quantities of urban 

organic waste for the production of compost, and can make use of cities’ wastewater for 

irrigation (Mougeot 2006). In addition, urban agriculture may promote crop diversification since 

more perishable (and thus commercially neglected) crops can be produced very close to markets 

(De Zeeuw 2004). Agricultural production in cities also has the potential to improve nutrition 

and food security among the urban poor and provide a multitude of much-needed jobs (De 

Zeeuw 2004).  

In developed countries, interest in local and sustainably-produced food is on the rise (De 

Zeeuw 2004). One indication of this trend is community supported agriculture (CSA), which has 

become increasingly popular in recent years (Halweil 2004). This method of distribution 

encourages consumers to eat produce that is in season, connects consumers more closely to their 

food through direct interaction with farmers, and helps farmers to become more financially 

secure (Halweil 2004). The CSA system necessitates that farms be located close to where their 

food is distributed, increasing the demand for urban agricultural land. However, much of the 

vacant land available for urban agriculture is likely to be contaminated with pollutants, creating 

possible health risks if the land is cultivated and pollutants end up in edible plant tissues (Brown 

and Jameton 2000).  
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Since space is limited in cities, some polluted lands may need to be utilized in order for urban 

agriculture to realize its full potential. This is a major point of contention for critics of urban 

agriculture, who assert that most urban land is too contaminated for food production and that the 

costs of cleanup are too high (Kaufman and Bailkey 2000). This may be a logical conclusion if 

only conventional physical and chemical methods of soil remediation are considered. These 

cleanup methods, such as soil removal and soil washing, are generally expensive and can 

negatively affect the soil’s ability to support life (Wilson and Jones 1993). Thus, reliable low-

cost methods must be available for the remediation of polluted urban soils if they are to support 

healthy food production.  

Phytoremediation, or the use of plants to extract or degrade pollutants, is a promising and 

inexpensive method for cleaning up a variety of organic and inorganic pollutants (Pilon-Smits 

2005). This technology has been investigated for remediation of heavy metals (Salt et al. 1995), 

petroleum hydrocarbons, pesticides, and trichloroethylene (Cunningham and Ow 1996). 

Detoxification via phytoremediation can occur through several processes. Phytostabilisation 

simply uses plants to colonize a site and prevent the spread of contaminants through wind or soil 

erosion (Macek et al. 2002). Rhizofiltration, phytovolatilisation, and hydraulic control, which 

involve filtering out pollutants using plant roots, volatilizing pollutants into the atmosphere, and 

controlling the movement of groundwater, respectively, are all methods of treating contaminated 

water (Macek et al. 2002). Phytoextraction involves the uptake of heavy metals to aboveground 

plant material which can then be harvested (Pilon-Smits 2005). If valuable metals are taken up, 

they can even be recovered from the plant tissues through a process called phytomining (Brooks 

et al. 1998). Phytoextraction has major implications since microbes, more commonly used to 

remediate soils, are usually ineffective in dealing with heavy metals (Cunningham and Ow 1996; 

Khan et al. 2004). However, application of phytoextraction may be limited due to a lack of 

successful case studies and established methods, as well as by a prohibitively long time scale (on 

the order of years) (Keller 2006). Despite the large body of research on phytoremediation, little 

is known about the effectiveness of this technology for cleaning up urban soils in preparation for 

food production. 

Much of phytoremediation research has focused on phytoextraction of lead, often involving 

the addition of synthetic chelates such as ethylenedi-aminetetraacetic acid (EDTA) to enhance 

uptake in Indian mustard (Brassica juncea (L.) Czern) (Roy et al. 2005; Cui et al. 2004). Lead is 
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a heavy metal of particular concern for urban agriculture because of its extreme toxicity and 

prevalence in urban soils (Finster et al. 2004). Chronic exposure to lead can cause organ damage, 

anemia, and a variety of neurological problems, especially in children (Jarup 2003), with 

possible exposure occurring through ingestion of soil or contaminated food crops (Kollerstrom 

1982). The EPA has set a standard of 400 ppm for lead in children’s play areas to protect 

children from ingestion of lead-contaminated soil (EPA 2007), but there is no regulation in the 

United States specifically for lead in agricultural soils or in fresh produce. This is a major 

concern given the frequency with which lead is found in food crops grown in urban soils 

(Cambra et al. 1999; Sanchez-Camazano et al. 1994).  

A number of studies have investigated uptake of lead in food crops (Kachenko and Singh 

2004; Nabulo et al. 2006). Leafy vegetables are known to take up lead at levels that are a threat 

to human health, even in soils with only moderate contamination (Puschenreiter et al. 2005; 

Nabulo et al. 2006). Fruits, however, can generally be grown in soil with high lead levels without 

accumulating dangerous amounts of lead in edible tissues (Finster et al. 2004). Despite the 

prevalence of information on lead uptake in crops, soil lead levels safe for producing food are 

still unknown (Islam et al. 2007). Information on what crops should not be grown at various lead 

concentrations would be invaluable for urban farmers knowingly cultivating lead-contaminated 

soils. In offering solutions to the problem of lead uptake in crops, researchers have primarily 

focused on non-remediation approaches (Puschenreiter et al. 2005, Finster et al. 2004), with 

none having thoroughly investigated the potential of phytoremediation and how it might be 

practically applied to clean up lead-contaminated urban agricultural soils. 

Alemany Farm, located in San Francisco, CA, was used as an unofficial dumpsite before 

being cultivated for food production using organic methods. Dumping has left the farm 

contaminated with a variety of organic hydrocarbons and heavy metals, including lead as high as 

720 ppm according to a 2006 soil analysis conducted by the San Francisco Recreation and Parks 

Department. Currently, root crops are grown in raised beds to deal with the issue of lead 

contamination, but other measures may be necessary in order to ensure that Alemany Farm 

produce is safe. Farm volunteers have expressed an interest in soil remediation, but the small 

budget of the farm may make this unfeasible unless a very inexpensive technology is used. 

Phytoremediation could provide a solution, since it costs about one tenth as much as soil removal 

(Robinson et al. 2003). This technology also fits the organic practices of the farm, since it is in-
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situ and does not cause harm to desirable soil properties, which can be the case with 

conventional soil remediation methods (Linacre et al. 2005). Lead at the farm may pose a threat 

to health that is not being adequately addressed, and an assessment of both that threat and the 

potential for phytoremediation as a solution would be useful. 

The main objectives of this study were to evaluate the hazards of lead in urban soils used for 

food production, and to evaluate phytoremediation as a possible solution to the urban lead 

contamination problem. To achieve these objectives, the following research questions were 

posed:  

1. What problems does lead pose to human health when present in urban agricultural soils? 

2. If the soils of an urban farm are contaminated with lead, what food crops should be 

avoided? 

3. What is an exemplary phytoremediation plan to remove lead, and what are the costs 

involved in implementing such a plan at an urban farm? 

A synthesis of relevant literature was conducted to address the three research questions for urban 

farms in general, and then applied to the case study of Alemany Farm. A basic time estimate was 

also calculated for a phytoremediation plan to remove lead at Alemany Farm using the known 

lead concentrations at Alemany Farm and values given in the literature. This calculation was 

used to estimate costs more effectively and make some general predictions about the feasibility 

of phytoremediation of lead at Alemany.  

 

Methods 

A meta-analysis of scholarly literature related to lead toxicity, heavy metal uptake in plants, 

and phytoremediation was conducted in order to address each research question. From 

September 2007 to April 2008, scientific journals from 1910 to the present were searched using 

scholarly databases available through the University of California Berkeley library, including 

Web of Science, AGRICOLA, Environmental Sciences and Pollution Management, and BIOSIS. 

Information was synthesized in order to first answer each question for urban farms in general. 

The same analysis was then applied to the specific case study of Alemany Farm.  

To determine what food crops should not be grown in lead-contaminated urban soils, levels 

of lead contamination were defined. Low contamination was defined as 0-100 ppm total lead in 

soil, with 100 ppm given by Kloke (1982) as the allowable concentration in arable soils. 
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Moderate contamination was defined as 100-400 ppm total lead in soil, with 400 ppm being the 

EPA standard for lead in children’s play areas, as well as the value beyond which Finster et al. 

(2004) found detectable lead in food crops. High contamination was defined as 400-650 ppm 

total lead in soil, with 650 ppm being the critical value determined by Cambra et al. (1999) 

beyond which vegetables should not be grown. Very high lead contamination was defined as 

>650 ppm total lead in soil. Lead concentrations in crops found in the literature were compared 

with the recommended maximum limit for lead in vegetables provided by the CODEX 

Alimentarius Commision (FAO/WHO), 0.3 mg/kg (ppm) fresh weight. When concentrations of 

lead in food crops were given by dry weight in the literature, values were compared with the 

food standards used by the author of that source for comparison. Food crops were also divided 

into five groups (leafy vegetables, herbs, root crops, fruiting vegetables, and tree fruits) based on 

similarity in soil-to-plant lead transfer factors within each group, as done by Cambra et al. 

(1999). If it was found that members of a specific crop group did not generally comply with the 

CODEX standard at a specific level of lead contamination, the conclusion was made that no 

crops of that group should be grown in that soil lead range.  

The minimum time scale for phytoremediation of the highest known lead contamination at 

Alemany Farm was estimated using both measured levels and values given in the literature. Lead 

was assumed to be evenly distributed in soil, with a concentration of 720 ppm (the highest value 

seen in the preliminary soil analysis). A target value of 100 ppm for arable soils was used (Kloke 

1982). The value given by Cui et al. (2004) for lead uptake in B. juncea (7.1 g lead/kg dry plant 

material) was used as the maximum possible uptake rate, since it was achieved using the highest 

application rates of EDTA and sulfur in soils with 31,000 ppm lead. Assuming a bulk density of 

soil for Alemany Farm of 1.5 g/cm3 , using 4.5 acres for the total area of the farm, assuming a 

root depth for B. juncea of 0.3 m (Kvesitadze et al. 2006), and using 1.4 tons/ha for the average 

harvestable dry biomass of B. juncea, as determined by Roy et al. (2005), the total amount of 

lead removed per cropping from the top 0.3 m of soil was calculated. This value was used to 

estimate the number of croppings needed to lower lead concentration to the target value, and to 

estimate the total time necessary for the project, assuming three croppings per year. Lead uptake 

in B. juncea was also assumed to remain constant with decreasing soil lead concentration.  
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Results and Discussion  

What problems does lead pose to human health when present in urban agricultural soils?  

Lead has been used by human beings for more than 5000 years (Jarup 2003), despite its 

many detrimental health effects. Extensive use in the engineering, smelting, and chemical 

industries has caused anthropogenic lead to be broadly distributed throughout the environment 

(Kvesitadze et al. 2006), with greater contamination found in urban areas with high rates of 

industrial activity. Tetraethyl lead is also a major source of lead in urban soils in many 

developing countries where it is still used as an additive in gasoline (Nabulo et al. 2006; Mizrahi 

1992). Although lead mainly enters the bloodstream through ingestion of food or beverages, 

exposure while working agricultural soils containing unusually high levels of lead is recognized 

as a major concern (Berg 1994).  

When urban agricultural soils are contaminated with lead, exposure can occur through skin 

contact with soil, inhalation of dust (Chary et al. 2008), direct ingestion of soil, or consumption 

of contaminated food crops (Cambra et al. 1999). Skin contact may be more pronounced on 

small scale urban farms where workers are more likely to be using hand tools as opposed to the 

machinery used on larger scale industrialized farms, whereas inhalation exposure would most 

likely be smaller in the case of small urban farms. Although workers on small scale urban farms 

are likely to be working more closely with the soil, there would not be the issue of dust created 

by machinery. However, Cambra et al. (1999) did not include exposure due to skin contact or 

inhalation in their assessment of risk associated with lead-contaminated agricultural soils. These 

exposure routes were considered to be negligible when compared to direct ingestion of soil or 

consumption of contaminated food crops (Cambra et al. 1999). However, skin contact can lead 

to ingestion if hands are placed in the mouth after touching soil.  

Consumption of lead-contaminated soil is a major route of lead exposure for young children. 

Children two to three years old have the greatest risk of exposure through this pathway, 

especially in tropical regions where more time is spent outside (Nabulo et al. 2006). The danger 

is compounded by the ease with which children absorb lead through the gastrointestinal tract: up 

to 50% of ingested lead is absorbed as opposed to 10-15% for adults (Jarup 2003). Although the 

EPA standard for lead in children’s play areas is 400 ppm, using a conservative risk assessment 

model, Dudka and Miller (1999) determined that a soil lead concentration of >300 ppm would 

cause excessive lead intake in children ingesting soil on a daily basis. On a typical industrialized 
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farm it is unlikely that young children would spend enough time for ingestion of lead-

contaminated soil to be a concern. On a small-scale urban farm with close community 

involvement, however, young children would be more likely to spend time at the farm on a 

regular basis and therefore soil ingestion might be greater. Close parental supervision could 

greatly reduce the amount of soil ingested by children in this situation (Dudka and Miller 1999). 

For this reason, educating those involved with lead-contaminated urban farms could go a long 

way in preventing lead ingestion. 

 If lead is present in soil, it can be taken up into food crops through the roots, transferred to 

the edible parts of the plant, and consumed. Chary et al. (2008) found that farmers who 

consumed vegetables fertilized with lead-contaminated sewage sludge showed elevated blood 

levels of lead and noticeable health effects including black skin rashes.  

The health effects of lead vary based on level of exposure, bioavailability, and amount of 

lead reaching critical organs (Caussy et al. 2003). Lead exposure can cause neurological damage, 

with data showing that these effects can occur at levels of exposure below what is currently 

considered acceptable (Jarup 2003). Chronic lead exposure can also cause damage to the 

kidneys, disrupt the production of hemoglobin, and eventually lead to anemia (Jarup 2003). For 

children the effects of lead poisoning are particularly severe, since more lead is absorbed through 

the GI tract and lead can more easily penetrate a child’s poorly developed blood-brain barrier 

(Berg 1994; Jarup 2003). Ingestion of high doses of lead by children, such as might occur when 

eating contaminated soil, can cause colic, muscle weakness, brain damage, and death (Adenji 

2004). Long-term lead exposure in children has also been linked to a drop in IQ (Kollerstrom 

1982; Jarup 2003), behavioral disturbances, learning and concentration difficulties, impulsivity 

(Nutrition Foundation 1982), and mental retardation (Nutrition Foundation 1982; EPA 2007).  

Case Study: Alemany Farm  The 2006 soil analysis of Alemany Farm involved only three 

samples, with the samples labeled “West Garden”, “South Garden”, and “North Garden.” It is 

unknown precisely what these labels mean, what depths the samples were taken at, or whether 

the samples were composite. Lead levels were 60 ppm, 110 ppm, and 720 ppm for the “West 

Garden,” “South Garden,” and “North Garden,” respectively. In the “North Garden” the lead 

concentration was more than 300 ppm higher than the EPA standard for bare soils in children’s 

play areas. Although the analysis provides little information about the distribution of lead at 

Alemany Farm, considering that contamination at the farm came from isolated instances of 
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dumping, it is expected that elevated lead occurs in “hot spots” such as the 720 ppm data point. 

Recommended precautions for the farm are primarily based on that data point.  

With the current pattern of use at the farm, lead is not a significant health hazard. Still, it is 

best to be cautious when dealing with a pollutant with such severe health effects. Workers at the 

Farm, especially children, should be educated on the dangers of lead and gloves should be worn 

when working the soil. Everyone working at the farm, especially youth volunteers, should be 

instructed to wash their hands thoroughly after touching soil and to never place their hands in 

their mouth before washing. The ingestion of soil is a concern for the farm, since an unknown 

amount of the farm may be above the safe level of 300 ppm determined by Dudka and Miller 

(1999) for soil ingestion. It is unlikely that a young child rarely visiting the farm would ingest a 

hazardous amount of lead. Still, parents should be educated about the danger of ingesting lead 

when visiting the farm, and should watch their infants very closely to prevent them from eating 

soil or putting their hands in their mouths. 

Consumption of lead through food crops is unlikely to be much of a health risk considering 

the current method with which food is distributed at the farm. Youth volunteers do not take very 

much produce home, and when they do, much of it consists of fruits (Mark 2007, pers. comm.), 

which are known to have very low lead uptake (Puschenreiter et al. 2005). Other volunteers may 

get more of their produce from the farm but this occurs once a week at most, since this is the 

interval between volunteer work days. Since Alemany Farm produce forms such a small part of 

the diet of those eating it, it is unlikely to provide much of a health risk. Still, this does not mean 

that action should not be taken to prevent growing crops that take up unsafe levels of lead, or 

levels that do not meet standards for food crops. (The actual uptake of lead by food crops at 

Alemany is discussed in more detail in the answer to the second research question below.) 

One consideration that must be made is that the above analysis of health risk is for current 

practices at Alemany Farm. If Alemany achieves its goals of providing food to the local 

community and increasing community involvement, produce from the farm may start to form a 

greater proportion of the diet of some community members. Then, lead intake via food may 

become more of a concern. The same may be true with the risk due to ingestion of soil. With 

more community involvement, more young children may spend more time at the farm to the 

point where they are ingesting unsafe amounts of lead. Once again, this can be prevented with 

education and careful monitoring.   
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If the soils of an urban farm are contaminated with lead, what food crops should be avoided? 

Numerous factors influence heavy metal uptake by plants and the process by which metals 

end up in roots is still poorly understood (Robinson et al. 2003). Metals first enter plant roots 

dissolved in soil solution. A portion of the water from solution is then lost from the plant through 

transpiration, leaving behind the metals (Robinson et al. 2003). In the transpirational stream, any 

metals entering the roots are thus translocated to shoots, leaves, fruits, and seeds to varying 

degrees depending on species. Leaves typically contain the highest concentrations of heavy 

metals in the aboveground parts of the plant since this is a sink for much of the water that the 

plant takes up (Robinson et al. 2003).   

Lead tends to only accumulate in plants when it is present in high concentrations in soil 

(Chary et al. 2008). A number of biotic and environmental factors affect lead uptake in plants. 

Biotic factors include genotype (Chary et al. 2008), rhizobiological activity, root exudates, and 

transpiration rate (Robinson et al. 2003). In response to environmental factors, lead uptake tends 

to decrease with increasing organic matter content (Chary et al. 2008; Nwosu et al. 1995), 

increasing iron and manganese oxide content (Nwosu et al. 1995), increasing pH (Cui et al. 

2004), increasing cation exchange capacity (CEC) (Nwosu et al. 1995), and increasing clay 

content (Chary et al. 2008). Soil temperature, soil humidity, the concentration of lead in soil, as 

well as competing ions (Robinson et al. 2003), also have an influence on uptake rate (Kvesitadze 

et al. 2006).  

Lead has been shown to accumulate in the aboveground tissues of Indian mustard, sunflower, 

and scented geraniums (Prasad and Freitas 2003, KrishnaRaj et al. 2000). Neerium oleander was 

also found to accumulate up to 78 ppm lead in leaves (Prasad and Freitas 2003).  Among 

agricultural crops, different crop groups (leafy vegetables, herbs, root vegetables, fruiting 

vegetables, and tree fruits) vary in their degree of lead uptake. At various lead contamination 

levels, specific crop groups are likely to exceed the CODEX standard for lead in food crops and 

should not be grown (see Table 1). In urban agricultural soils with low lead contamination (0-

100 ppm), all five crop groups generally comply with the CODEX standard. Pruvot et al. (2006) 

found that leafy vegetables (lettuce and leek), root vegetables (radish, potato, and carrot), and 

fruiting vegetables (tomato) all complied with the CODEX standard when grown in soils with 

soil lead in the range 20-109 ppm. However, Nabulo et al. (2006) found lead above the CODEX 

standard in washed and unwashed Amaranthus leaves when grown in soils with 30.0-64.6 ppm 
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lead. In this case, Amaranthus was contaminated with lead deposited from aerial sources (leaded 

gasoline), and samples were washed with water which is known not to be effective for removing 

surface lead from crops when compared with mild detergent (Finster et al. 2004).   

 
Table 1. Crop groups that should be avoided at various levels of lead contamination. All crops are safe to grow at a 

low lead contamination level (0-100 ppm), while only tree fruits should be grown at a very high lead contamination 

level (>650 ppm).  

 
 

Level of lead contamination (ppm total lead in soil) 

 

 

 

Crop groups to 

avoid 

 

Low 

0-100 

 

Moderate 

100-400 

 

High 

400-650 

 

Very High 

> 650 

 

 

Leafy vegetables 

Herbs 

Root crops 

Fruiting vegetables 

Tree fruits 

 

 

 

 

X 

X 

X 

 

 

X 

X 

X 

X 

 

X 

X 

X 

X 

 

In soils with moderate lead contamination (100-400 ppm), leafy vegetables, root crops, and 

herbs should not be grown. In soils with a mean lead concentration of 363 ppm, Kachenko and 

Singh (2004) found that all samples of leafy vegetables (lettuce, spinach, and leek) and herbs 

(parsley and mint) had concentrations above Australian and New Zealand Food Authority 

(ANZFA) guidelines for lead in vegetables (0.1 ppm fresh weight). In soils with lead in the range 

13.9-430 ppm, 60% of samples of the same crops exceeded the ANZFA guideline. Lead uptake 

may have been enhanced by both low soil pH and low organic carbon content in both of these 

cases (Kachenko and Singh 2004). Pruvot et al. (2006) also found that above 200 ppm lead in 

soil, leafy vegetables (lettuce and leek) and root crops (radish and carrot) did not generally 

comply with the CODEX standard.  

When lead contamination is high (400-650 ppm) in soil, fruiting vegetables should also be 

avoided. Both maize and tomato generally did not comply with the CODEX standard when 

grown in this range (Pruvot et al. 2006), although Finster et al. (2004) found lead content in 
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fruiting vegetables to be below the detection limit even for soil lead concentrations greater than 

this range. However, the detection limit used (10 ppm dry weight) was not low enough to 

determine whether crops were posing a health threat. Above 650 ppm, in very highly lead-

contaminated soils, only tree fruits should be grown. As described by Cambra et al. (1999), all 

vegetables, including fruiting vegetables, posed a threat to human health when grown above this 

value. However, uptake in tree fruits was not investigated, and these are known to have 

negligible lead uptake (Finster et al. 2004).  

The high lead uptake found in leafy vegetables can be attributed to their high transpiration 

and translocation rates (Chary et al. 2008). For root vegetables, lead does not need to be 

translocated to end up in edible tissues, so high concentrations are expected. Much of the risk for 

lead intake derived from these two crop groups also comes from surface-adhered soil which can 

be eliminated by washing crops with a mild detergent solution before consumption (Finster et al. 

2004). Low uptake in fruiting vegetables and tree fruits is due to the greater distance lead must 

travel from soil to the edible portion of the plant (Chary et al. 2008).   

Much of the land currently being used for food production in urban areas is likely to be 

above the 100 ppm total lead limit below which it is safe to grow all food crops (Hibben and 

Hagar 1984; Finster et al. 2004, Pruvot et al. 2006). Food produced in these soils is likely to 

contribute a substantial portion of the total body burden of lead in those who consume it, which 

could pose a threat to health. Thus, inexpensive lead testing should be made available for urban 

gardeners, and they should be educated on which crops should be avoided at various levels of 

contamination. More site-specific health risk assessments are also needed for populations 

growing food in lead-contaminated urban soils (Hough et al. 2004), especially in the United 

States, where little research has been done in this area.  

Case Study: Alemany Farm  Lead contamination in urban soils typically shows a high 

degree of heterogeneity (Finster et al. 2004; Pruvot et al. 2006). The preliminary soil analysis for 

Alemany Farm supports this, with the highest lead concentration, 720 ppm, more than ten times 

that of the lowest, 60 ppm. The initial soil test provides very little information about the 

distribution of the patches of high lead concentration that are likely to occur at Alemany, and a 

fine scale soil analysis would be necessary to do so. Therefore, it is difficult to label Alemany 

Farm soils with a distinct lead contamination level as described above in the general analysis. 

Following a conservative approach, Alemany Farm can be classified as having a very high level 
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of lead contamination, since one of the three data points in the initial soil test (720 ppm) was 

above 650 ppm. Thus, it is recommended that only tree fruits be grown in Alemany Farm soils, 

and all other food crops be confined to raised beds containing lead-free soil. These raised beds 

should be separated from the contaminated soil by a semi-permeable membrane which allows 

water exchange but prevents lead from being transferred to beds (Finster et al. 2004).  

Currently at Alemany Farm, only root crops are confined to raised beds to deal with the issue 

of lead contamination. This precaution is the result of a recommendation given in reference to 

the preliminary soil test which states, “metals may be taken up in the roots but don’t travel to 

fruits.” This recommendation does not address lead uptake in edible leaves, which is a concern 

for both leafy vegetables and herbs. Although avoiding all crops besides tree fruits represents a 

radical change for Alemany, this is the most prudent plan given the limitations of the preliminary 

soil analysis. A more extensive soil analysis, as well as an analysis for lead content of crops 

grown at Alemany Farm would be necessary to determine whether food crops were truly posing 

a threat to human health. This analysis should also include a risk assessment for those who 

consume Alemany food crops on a regular basis, taking into account their daily dietary intake 

(DDI) of food grown on the farm. A blood analysis would also be useful to determine whether 

lead levels in blood are elevated among those who consume Alemany crops (Chary et al. 2008).  

Although lead is likely to be patchy and randomly distributed throughout the farm, it is 

possible that a detailed soil analysis would reveal trends in lead distribution. Concentrations may 

be higher near the edges of the farm, or at the end of the farm that is accessible by car, since 

these areas may have been used more frequently for dumping. If lead was found to only be 

concentrated in certain areas of the farm, crops could be distributed based on the concentrations 

found and the results discussed above in order to minimize uptake.  

 
What is an exemplary phytoremediation plan to remove lead, and what are the costs involved in 

implementing such a plan at an urban farm? 

A phytoremediation plan to remove lead must be tailored to site-specific conditions. Thus, 

developing a plan involves an extensive decision making process. From a preliminary soil test, a 

general assessment of the feasibility of phytoremediation for a site can be made. If 

phytoremediation is determined to be feasible, components of a plan can then be developed 

based on soil characteristics, and general cost estimates made.  
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Initial Soil Analysis and Feasibility Assessment  The first step in developing a 

phytoremediation plan to remove lead is to characterize the soils of the site through a detailed 

analysis. The number of samples taken should be large in order to address the likely 

heterogeneity of contamination in urban soils (Robinson et al. 2003). An analysis should test for 

total lead concentration with depth, since the vertical distribution of lead has implications for 

species selection as well as overall feasibility of the project (Keller et al. 2003). The mobile 

fraction of lead bioavailable to plants should be determined by testing for EDTA-extractable lead 

(Lacatsu et al. 1996), as much of the lead in soil will likely be bound to mineral particles or 

organic matter and therefore will be unavailable to plants (Robinson et al. 2003). Other ions may 

also compete with lead to enter plant roots, so a soil analysis should include the concentrations of 

other heavy metals (Robinson et al. 2003).   

As many soil characteristics as possible that influence lead uptake in plants should be 

included in the initial soil analysis. These include pH, soil organic matter, iron and manganese 

oxide content, and CEC (Chary et al. 2008). Basic factors that affect plant growth, such as soil 

humidity and salt content, are necessary as well (Kvesitadze et al. 2006).  

With completion of a soil analysis, some predictions about the feasibility of 

phytoremediation can be made. The concentration and distribution of lead, as well as other soil 

factors, may make the project more or less likely to be successful. Phytoremediation is only 

feasible for cleaning up low to moderate lead levels (Alkorta et al. 2004), since the time scale 

necessary can be on the order of hundreds of years for extremely high contamination (Cui et al. 

2004). The immediate threat to health that soils with high lead may pose also means that other 

remediation techniques with a shorter time scale, such as soil removal, may be more applicable 

(Alkorta et al. 2004). The vertical and horizontal distribution of lead also has a major impact on 

whether the process will be efficient. If lead is too deep in the soil, it will be beyond the reach of 

most lead-extracting plant species (Kvestitdaze et al. 2006). Patchiness of lead contamination 

can also increase the time scale of a project dramatically. In this case, soil lead can be 

homogenized through plowing (Robinson et al. 2003).  

In order for phytoremediation to be successful, conditions must be suitable for plant growth 

and efficient lead uptake. Thus, soil properties such as salt content and pH must be in the range 

suitable for growing lead-extracting species (Robinson et al. 2003), so that biomass and uptake 

are not significantly reduced. For urban farms already under cultivation this should not be an 
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issue, but it may be a problem for vacant urban land being considered for food production. For 

uptake to occur, lead must also be in bioavailable (EDTA-extractable) form (Robinson et al. 

2003). If only a small fraction of lead in soil is bioavailable, then the phytoremediation process 

will likely be unsuccessful without the addition of synthetic chelating agents (Roy et al. 2005). 

Phytoremediation may also be unfeasible without chelating agents if soil pH is too high (Roy et 

al. 2005).  

Species Selection  If phytoremediation of lead is determined to be feasible, species for a 

project must be selected based on site-specific conditions. Species must be matched to the 

microclimate of the site, as well as the pH, salinity, water content, and structure of the soil 

(Prasad and Freitas 2003). Species must be also be able to concentrate lead in aerial tissues 

(Robinson et al. 2003), and must have a high accumulation factor (ratio of metal concentration in 

plant tissues to that in soil) for phytoremediation to be efficient (Kvesitadze et al. 2006). 

Although little research has been done to find synergistic combinations of species for 

phytoremediation (Kvesitadze et al. 2006), multiple species could prove useful for addressing 

vertically heterogeneous contamination (Keller et al. 2003). In this case, crop species could be 

mixed or rotated to account for different root depths (Keller et al. 2003). A mixture of species 

may also be useful for cleaning up other contaminants along with lead, especially other heavy 

metals which are likely to be present in lead-contaminated soils (Roy et al. 2005).  

B. juncea is a widely adaptable crop species which has been found to effectively translocate 

lead from roots to shoots (Alkorta et al. 2004).  This species is ideal for EDTA treatment, 

showing hyperaccumulation of lead after application of the chelate (Roy et al. 2005). B. juncea 

may be useful for cleanup of lead in a wide range of settings.  

Agronomic Practices  For the phytoremediation of lead, species-specific agronomic 

practices to be determined include rotation schedule and soil amendment application. A rotation 

schedule involves the frequency of harvest, or number of croppings during a season. For each 

cropping, after approximately four months (Herrero et al. 2003), all aboveground plant material 

is harvested. In temperate climates only two croppings per year will be feasible, while in more 

mild climates three may be possible (Salido et al. 2003). Soil amendments are needed to enhance 

growth and lead uptake. Compost and fertilizers will increase the production of plant biomass, 

but may decrease lead uptake (Puschenreiter et al. 2005), so a moderate application rate must be 

determined to maximize total extracted lead. Synthetic chelating agents such as EDTA can be 
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used to make lead more bioavailable to plants, especially in alkaline soils (Roy et al. 2005), but 

these have several drawbacks. Application of EDTA at a high rate can reduce biomass 

production in B. juncea by almost half (Epstein et al. 1999), and can leach metals (Robinson et 

al. 2003; Alkorta et al. 2004).  

Disposal  One caveat of phytoremediation of lead is that harvested plant material must be 

disposed of as hazardous waste. Although the need for an inexpensive method of recovering 

metals on-site is recognized (Alkorta et al. 2004), this technology has not yet been developed, so 

off-site disposal is necessary. Several pretreatment options are available to lower disposal costs 

by reducing the bulk of harvested material. Composting can reduce dry weight by 25%, thus 

lowering the cost of transport, but requires specialized equipment and must be done carefully to 

prevent harmful leachates (Sas-Nowosielska et al. 2004). Compaction allows the recovery of 

lead through a press and leachate collection system, but also necessitates specialized equipment 

(Sas-Nowosielska et al. 2004). Pretreatment is unlikely to be applicable to urban farms because 

of the space and materials necessary. For final disposal, incineration in a lead/zinc smelter has 

been determined to be the best option, since it is inexpensive, environmentally friendly, and 

allows recovery of metals (Sas-Nowosielska et al. 2004). This option compares well with direct 

disposal in a landfill, where lead still ends up in the environment and costs can be high 

depending on the region (Sas-Nowosielska et al. 2004). 

Cost  There is uncertainty involved in phytoremediation; that is, the process may fail in 

lowering soil lead to the target concentration. This uncertainty, or chance of failure, contributes 

to the perceived cost of phytoremediation for decision makers (Linacre et al. 2005). Thus, the 

cost of soil remediation if phytoremediation fails will be the cost of the failed project plus the 

cost of the alternative technology used to complete the project (Linacre et al. 2005). The risk of 

failure may be especially high for urban soils due to heterogeneous contamination.  

The cost of phytoremediation of lead has been estimated at $150,000-250,000 per acre 

(Kvesitadze et al. 2006). Management and design fees can contribute to this total if an outside 

party is hired to oversee the project (Linacre et al. 2005). Testing costs may add a substantial 

sum as well, both for initial soil testing and for long term monitoring, since testing of plants and 

soil will be necessary throughout the course of the project in order to evaluate progress. For 

urban farmers, soil and plant samples will need to be sent to outside testing laboratories, so 

shipping costs are necessary for testing. Labor provides another cost, although this may not be 
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substantial for non-commercial urban farms where much of the labor may come from volunteers. 

Other costs involved in implementation of a phytoremediation project to remove lead come from 

plants/seed, soil amendments, and water for irrigation. Cost for transportation of contaminated 

plant material to a disposal facility by truck has been estimated at $1-2/ton/km (Sas-Nowosielska 

et al. 2004). Costs for composting and incineration of contaminated material have been estimated 

at $10-25/ton and $180-220/ton, respectively (Sas-Nowosielska et al. 2004). The cost of 

phytoremediation may be reduced through metal recovery (possible via incineration in a smelter) 

or by utilizing plant biomass for energy production (Ghosh and Singh 2005).  

Opportunity cost may have a major impact on the costs involved in phytoremediation of lead 

in urban farms. This is related to the time scale of the project and for urban farms would involve 

the revenue or produce lost during remediation. To assess the economic feasibility of a 

phytoremediation project, the cost can be compared with the cost of the best alternative 

technology and the cost of inaction, using the three formulas created by Robinson et al. (2003). 

Generally, phytoremediation will be less expensive than the best alternative technology (Shen et 

al. 2002).  

Case Study: Alemany Farm  Since lead is typically not very mobile in the soil profile, 

mixing is primarily determined by agricultural practice (Chamberlain 1983). Therefore, the 

initial soil analysis for Alemany Farm would need to test for lead to at least 60cm, since this is 

the depth to which planting beds are typically cultivated. Although lead distribution is likely to 

be heterogeneous, plowing to mix the soil would not be acceptable because of the equipment 

necessary and the difficultly involved in restricting plowing to narrow planting beds while 

missing paths. Judging from the preliminary soil analysis (<750 ppm lead), lead at Alemany 

Farm is likely to be in a range feasible for phytoremediation, although a more detailed analysis 

of bioavailability would be necessary to confirm this. Due to the lack of knowledge on suitable 

species mixtures for phytoremediation (Kvesitadze et al. 2006), a monoculture of B. juncea 

would be used for Alemany. Plants would be grown from seed to reduce cost, and EDTA would 

not be used because this would not fit the organic practices of the farm. Seedlings would not be 

thinned as this would make disposal less efficient. Clean compost and mulch, from a source 

other than the farm (since organic matter from the farm is likely to contain lead), would be 

applied to improve growth, and the plants would be watered as needed. Three croppings a year 

would likely be possible in the relatively mild climate (Salido et al. 2003), with harvest and 
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seeding every four months. Harvested plant material would be transported by hired truck to a 

lead smelter that accepts contaminated plant biomass and incinerated.   

The cost of a phytoremediation project for Alemany Farm would likely be on the lower end 

of the $150,000-250,000/acre range given by Kvesitadze et al. (2006). Management and design 

fees would not be necessary if the project were carried out by farm staff and volunteers, and 

volunteer labor could be used to bring down labor cost. Soil testing, both initially and for long 

term monitoring, would contribute a small amount to total cost. An initial soil test with 30 

samples, analyzed by the Agriculture and Natural Resources Analytical Laboratory (ANR) at the 

University of California, Davis, and testing for lead, CEC, organic matter, and pH would cost 

approximately $700. Subsequent soil tests for monitoring purposes could just test for lead, which 

would cost approximately $200 for 30 samples, while testing of 30 samples of plant material for 

lead would cost approximately $170. The cost of B. juncea seed would be dependent on the 

germination rate and the total number of croppings, but would likely form a large percentage of 

the total cost. Incineration in a lead smelter, assuming one could be found within 50 km that 

would accept contaminated plant biomass, would cost approximately $250/cropping for transport 

and $600/cropping for incineration .  

A phytoremediation plan for Alemany Farm using B. juncea was estimated to remove 18 kg 

of lead from the top 0.3 m of soil per cropping for the entire farm. To lower the soil lead 

concentration from 720 ppm to 100 ppm (below which it is safe to grow all food crops), it would 

take 283 croppings, or approximately 95 years. Given this time scale, phytoremediation is not 

feasible for the farm for cleaning up lead at such a high contamination level. Even lowering soil 

lead from 200 ppm to 100 ppm would take approximately 15 years. The assumption of uniform 

vertical distribution of lead may mean that total lead in soil is being overestimated, but this 

assumption is reasonable considering that soil is mixed thoroughly, to a depth greater than 0.3 m, 

during planting bed preparation. The uptake rate for B. juncea used here is also much higher than 

would be achieved without EDTA and sulfur, so the calculation for total time to complete the 

project is likely an underestimate.  

It is difficult to make a reasonable estimate for the total cost of a project for Alemany given 

the limited information available. However, even if the cost were $150,000/acre (at the low end 

of the cost spectrum for phytoremediation), the total cost for the farm would be about $675,000. 

This is well beyond the current budget of Alemany Farm, and it is unlikely that the capital 
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necessary to complete the project would ever be available. Since phytoremediation is generally 

recognized as the most inexpensive remediation technology, no type of soil remediation is likely 

to be feasible for Alemany Farm.  

Given the time scale necessary and high cost, phytoremediation of lead is not likely to be 

feasible for small scale urban farms with limited budgets. The time scale may also prevent 

phytoremediation from being used for preparing vacant urban land for food production, both 

because of the relatively high value of urban land and because decision makers would be 

unlikely to choose a technique that can take tens of years over other land use options where lead 

contamination would not be an issue. Therefore, low-cost measures of decreasing lead uptake 

should be promoted for urban farms. These include the addition of large amounts of manure or 

other organic matter to soil (Puschenreiter et al. 2005), using lime to increase pH (Codex 2001), 

and growing uptake-prone crops in containers or raised beds (Finster et al. 2004).  

 

Conclusion 

If the issue of lead contamination in urban soils is not addressed, growing food in urban areas 

may, in some cases, end up doing more harm than good. Since a somewhat difficult and 

potentially expensive soil analysis is necessary to determine lead concentrations, lead may be 

present in many urban agricultural soils without farmers being aware. In this case, lead is a 

completely unrecognized health threat, and farmers may even be growing crops on soil that is 

completely unsuitable for food production (>650 ppm) (Cambra et al. 1999). Funds must be 

available to test soils in urban areas before they are used for growing food crops for this reason. 

Also, education on the dangers of lead in soil should be promoted. For those who knowingly 

grow food on lead-contaminated soil, information may be lacking as to what is safe to grow, as 

was found to be the case for Alemany Farm. Information on precautions to take when dealing 

with polluted soils in general should be promoted within the urban agriculture movement.  

A comprehensive soil analysis, covering as many factors that contribute to lead uptake as 

possible, as well as lead concentration and spatial distribution, would be invaluable for Alemany 

Farm. The threat of lead in soil could then be determined much more accurately. In the 

phytoremediation field, more advanced models would be useful to predict cost and to choose 

species. More research is also needed on selecting combinations of species for phytoremediation 

(Kvesitadze et al. 2006), since these are likely to be more effective than monocultures (Keller et 
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al. 2003), and improved techniques are necessary to decrease the time needed to complete a 

project. 

As urban agriculture gains popularity, due to increased fuel costs and the necessity to localize 

production, the issue of urban soil contamination will become progressively more crucial. With 

further development to decrease cost and time scale, phytoremediation may still provide a 

solution to this dilemma.  
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