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Abstract 

This project set out to examine trace element concentrations in kale (part of the Brassica 

oleracea family) from two sources in Tucson, Arizona: community gardens and grocery stores. 

The study evaluated whether the vegetable accumulates different concentrations of trace metals 

Al, Cr, Ni, Cu, Zn, As, Se, Cd, Pb, and Mo in urban settings than it does at commercial farm 

locations. Median grocery concentrations exceeded median garden concentrations for all metals 

except Zn, Pb, and Mo. Using an exposure assessment, none of the samples analyzed had 

concentrations that reach EPA reference doses within one serving, but concentrations of Mo, Se, 

and Cd reached EPA reference doses (0.005 mg/kg/day, 0.0003 mg/kg/day, and 0.001 

mg/kg/day, respectively) within five-six servings.  

 

Introduction 

An emerging sustainable effort is the concept of locally grown food. There are many 

locations in Tucson that have started community gardens. Local, urban gardens and large, 

commercial gardens can vary greatly in soil composition and nutrient content. An important 

aspect of urban community gardens is that the soils may have been impacted by industrial, 

commercial, or residential past land uses. Plants that grow in soil with elevated levels of trace 

metals may accumulate those elements into their biomass. This could pose a health risk to the 

crop’s consumer.  

Kale, part of the Brassica oleracea family, is well known for being a “super food,” and is 

widely grown by gardeners in Tucson. What many don’t know is that leafy greens, such as kale, 

can hyperaccumulate trace metals from soil (Olowoyo and Lion, 2016). If kale is grown in soil 

that has high concentrations of toxic trace metals, the vegetable could accumulate these metals 

into its biomass and pose a health threat to its consumer. 

This study evaluated kale from urban gardens across Tucson and a combination of farms 

in California, Mexico, Arizona, and Minnesota. There is reason to believe that urban soil has 

different chemical characteristics than farm soil because of the varying histories of land use. A 

farm that’s been in operation for 20 years likely only has contamination from pesticides, tractors, 

and ambient air pollution. An urban garden that’s only existed for a few years, on the other hand, 

may have been used previously as a residence or commercial building. This leads to the likely 

contamination through anthropogenic activities. The soil chemistry of soil that’s been used for a 
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combination of urban purposes has shown to be different than that of a long-standing, 

commercial farm (Binggan and Yang, 2010). For example, lead (Pb) is a common contaminant 

in urban soils. Lead previously used in automobile fuels, building materials, and paint can 

contribute lead in to urban soils. Since lead is relatively immobile in soils, its contamination can 

remain an issue today, despite the fact that it has been banned from building materials and 

gasoline for over 30 years (Finster, et. al. 2004). Another possible contaminant in urban soils is 

arsenic (As). Though it occurs in soils naturally, it is also released as a byproduct in mining and 

smeltering operations, which are common in Arizona. It is said that the single largest source of 

anthropogenic arsenic contamination in the environment is sourced from copper smeltering 

operations (Prohaska and Stingeder, 2005). Since copper mining is common in Arizona, there is 

reason to believe that arsenic concentrations would be higher there. Arsenic, like lead, can be 

toxic to humans in high doses, and is thus monitored in soils, especially near mining (Ramirez, 

et. al). Other elements that fall into this category of possible contamination are nickel (Ni), 

aluminum (Al), cadmium (Cd), selenium (Se), chromium (Cr), copper (Cu), and zinc (Zn). 

It is important to note that some of these elements are only toxic at very high 

concentrations. Zinc, for example, is considered beneficial for human health and can be bought 

in supplements to support the immune system. Lead and arsenic, however, do not have reference 

doses set by the EPA. Any amount ingested can be toxic to humans.  

Besides the possibility of urban gardens being contaminated, there is another point of 

view: perhaps these gardens are more nutrient rich. Community gardeners generally don’t 

overwork their soil like large, commercial farms do. When a commercial farm grows large plots 

of one crop, the soil becomes depleted as the same plant takes the same nutrients out of the soil, 

year after year. The farm then relies on mass application of fertilizer in order to keep nutrient 

levels balanced in the soil. In small, community gardens, the types of crops often vary from 

season to season, keeping the nutrient levels in the soil balanced. This is why most home and 

community gardens don’t need to use mass amounts of fertilizers.  

 

Materials and Methods 

Choosing Gardens 
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The gardens were selected to gain a good distribution of the Tucson metropolitan area. 

Using the Community Gardens of Tucson website, gardens were selected based on of their 

location in order to cover a good spread of the city.  

An email invitation was sent to community garden coordinators to encourage 

participation in the study. It presented the goal and purpose of the project and invited gardeners 

to contribute kale samples to be analyzed. The text in that email was as follows: 

Subject Line: University of Arizona Vegetable Garden Study 

Text:  

Hello! 

My name is Hanna Hard, and I am an honors student at the University of Arizona. I 

am conducting an experiment involving leafy greens grown in Tucson’s community 

gardens. This study will investigate the concentrations of certain trace elements (such as 

Zinc, Nickel, Cadmium, and Lead) present in urban-grown vegetables as well as 

commercially available, store-bought vegetables.  

I’d like to invite you to participate in this study and to donate a leafy green sample 

from your garden (kale, in particular, if available). I will do the sampling and sample-

prep, and the analysis will be conducted in a University of Arizona laboratory, under the 

advisement of Dr. Monica Ramirez-Andreotta.  

The results of the study will be reported back to you and your gardeners. Please let 

me know as soon as possible if you would like to participate, or if you have any 

questions. 

Kind regards, 

Hanna R. Hard 

 

Choosing Grocery Stores 

Safeway was the grocery chain of choice for this project because it is the most common 

in Tucson. Fry’s, another option, does not have as many locations in the city. Contrary to 

common thought, however, all Safeways do not buy produce from the same farms. This is where 

the distribution of farms from AZ, Mexico, MN, and CA came from. 

The specific Safeway locations were picked by proximities to the gardens. Safeway 

provides a website with a store locator that shows the closest store to a given location. 
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The average distance a person travels to a grocery store in a U.S. city is 1.9 miles with a 

standard deviation of 2.9 miles, with a range of 0 to 12.3 miles (Liu, 2015). Each of the Safeway 

locations chosen for this study falls within one standard deviation of the mean value of 1.9 miles. 

The locations of grocery stores in this study, however, are based off distances from each urban 

garden—the location of gardeners’ homes was not considered. Besides Safeway being the main 

store of choice, one Fry’s and one Trader Joe’s was also included after gardeners specified them 

as locations where they frequently shop. 

 

Washing 

The kale samples were washed in a manner in which an average family might wash them. 

Each leaf was rinsed under deionized (D.I.) water for 30 seconds and shaken off. Granted, most 

people do not have D.I. water on tap, but this is to prevent contamination of the integrity of the 

sample from tap water. 

Drying 

First, the samples were dried at 60ºC to remove only the water remaining on the surface 

from the washing step. Then the leaves were cut into slices, placed in paper bags, and weighed 

on a mass balance to record their fresh weights. To dry the samples, they were then replaced in 

the 60ºC oven until completely dehydrated. The weights of the samples were recorded 

periodically during this drying process to monitor the decreasing water content. When the 

weights became stable to at least .01%, the samples were considered fully dry and removed from 

the oven.  
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Grinding 

The dried samples were then ground in a coffee grinder (and/or a mortar and pestle if the 

sample was too small for the grinder). The grinder was cleaned between each sample with 

pressurized air and then wiped down with a 70% ethanol solution with kim-wipes.  

Chemical Analysis 

The dried and grinded samples were sent to the Arizona Lab for Emerging Contaminants 

(ALEC) at the University of Arizona. Here, the powdered kale was dissolved in nitric acid and 

run through a Inductively Coupled Plasma Mass Spectrometer to test for concentrations of Be, 

Al, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Se, Mo, Ag, Cd, Sn, Sb, Ba, and Pb. The elements this 

study focused on were Al, Cr, Ni, Cu, Zn, As, Se, Cd, and Pb. Concentrations of each trace 

element were reported back from ALEC in dry weight (DW) quantities in µg-element per g-kale. 

Using the ratio of fresh weight (FW) to DW of each sample, the dry concentrations were 

converted to FW concentrations: 

FW concentration = (DW concentration) ÷ (FW/DW) 

Exposure Analysis 

Two assumptions were made in this assessment. According to the EPA Exposure 

Analysis Handbook of 1997, the average body weight in the U.S. is between 65.4 and 78.1 kg 

(#). A body weight of 70kg was assumed for exposure analysis in this study. According the US 

FDA, a serving size of raw, chopped kale is 67g. This value was used in this study’s calculations 

of exposure.  

FW concentrations were converted to a concentration of each trace element that would be 

consumed in a day, assuming only one serving of kale is eaten per day. This conversion was 

done by multiplying the FW concentration by the number of grams in one serving (67g). To 

convert µg to mg, the dose was divided by 1000. The mg of the given trace element consumed in 

one serving was then divided by 70kg, the conservative estimate of the consumer’s body weight 

(BW) to yield a daily intake in [mg/kg BW/day]. 
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Daily  Intake   mg/kg  BW/day =

FW  concentration µμgg ∗ 67g
1000µμg
mg

70kg/day    

 For each sample, it was calculated how many servings would have to be ingested in order 

to reach the EPA reference dose for each metal. For this calculation, the reference dose was 

divided by concentrations of each metal in one serving of kale (67g).   

  

Results 

Although no kale sample had dangerous concentrations of any trace element analyzed, 

there were differences in concentrations between store-bought kale and urban-grown kale.  

At an intake rate of one serving (67g) per day, concentrations of Al, Cr, Ni, Cu, Zn, As, 

Se, Cd, and Pb in both community garden kale and grocery store-bought kale do not exceed EPA 

reference doses, meaning that adverse health effects from metal ingestion are unlikely. No 

concentration exceeded the EPA reference doses [mg/kg body weight per day] within one 

serving for any metal analyzed, but concentrations of Mo, Se, and Cd reached EPA reference 

doses (0.005 mg/kg/day, 0.0003 mg/kg/day, and 0.001 mg/kg/day, respectively) within five-six 

servings.  

 Many concentrations exceeded the medians reported by the FDA Market Basket Study, 

and US Food and Drug Administration (FDA) Total Diet Study, or Market Basket Study, (US 

FDA 2006-2011), for each specific element. Note: the FDA Market Basket Study did not include 

kale, but it did report on concentrations in collards of Ni, Zn, As, Se, Cd, Pb, and Cu. Collards 

are in the same family as kale (Bracera oleracea), and are the closest relative in the Market 

Basket study with which to compare the metal concentrations in kale.  

Aluminum (figure 1) 

In particular, the organic, AZ-grown kale sold at Fry’s on Old Spanish Trail had a much 

higher Al concentration than any of the other samples—either garden or grocery. Neither an EPA 

reference dose nor a Market Basket study median has been published for Al; therefore, no 

conclusion could be made about Al concentrations and whether or not they are dangerous for 

human consumption. 
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Regarding differences in Al concentration between garden and grocery kale, grocery 

stores had a higher median of 3.5 µg/g, whereas the garden median Al concentration was only 

1.2 µg/g. 

Chromium (figure 2)  

Cr concentrations did not vary significantly between the garden kale and the store-bought 

kale, except for one. The bagged organic Tuscan kale purchased at the Trader Joe’s on Speedway 

and Craycroft had a Cr concentration of 13.241 µg/g, about three times higher than the Cr 

concentration of the next highest sample, which was the Russian kale grown in Duffy Garden, 

3.299 µg/g. Even with the large difference between the Trader Joe’s sample and the other 

samples, no kale had a Cr concentration close enough to reach the EPA reference dose standards 

within a reasonable number of servings. The FDA Market Basket Study does not include 

analysis of Cr concentration in collards.  

Arsenic (figure 3) 

On average, the store-bought kale had higher As concentrations than the garden-grown. 

No sample had concentrations high enough to reach the EPA reference dose of 0.0003 

mg/kg/day within a reasonable amount of servings (the smallest amount of servings to reach the 

reference dose would be 13 in one day of the Dwarf Blue kale from the New Spirit garden). 

Overall, the dwarf kale from New Spirit garden had the highest As concentration, followed by 

organically grown, Arizona kale bought at Safeway on Broadway and Campbell. The median As 

concentrations were .00247 µg/g among garden kale and .00683 µg/g among grocery kale. 

Selenium (figure 4) 

Within five servings or less, kale from the Safeway on Broadway and Campbell, the 

Safeway on Tanque Verde and Sabino Canyon, the Trader Joe’s on Speedway and Craycroft, and 

the Fry’s on Old Spanish Trail would lead to the EPA reference dose exposure of 0.005 

mg/kg/day. According to the FDA Market Basket Study, the median Se concentration in collards 

is 0 µg/g. The garden median in this study was 0.0145 µg/g, and the grocery median was 0.030 

µg/g. The FDA Market Basket mean for Se is 0.007 µg/g, which both medians in this study 

exceed. 
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The grocery store kale had higher concentrations than the gardens. The kale with the 

highest concentration of Se was an organic, curly kale purchased from the Safeway on Tanque 

Verde and Sabino road, with a concentration of 0.0899 µg/g.  

Lead (figure 5) 

The EPA has not published a reference dose for elemental lead. The FDA Market Basket 

Study reported a mean lead concentration in collards of 0.002 µg/g, and a median of 0.0 µg/g. 

The median Pb concentrations in both garden and grocery kale exceeded these values by 

approximately a factor of two. The World Health Organization’s ‘Codex Alimentarius’ (Codex 

Standards 1995) reports a standard of 0.3 mg/kg in Bracera vegetables, but specifically excludes 

kale. Regardless, all samples in this study were below 0.3mg Pb/kg.  

Overall, the grocery store kale and the garden-grown kale had similar lead 

concentrations. The median lead concentration in garden kale was 0.00490 µg/g, and the median 

for grocery kale was 0.00444 µg/g. There was one sample from each category that had higher 

lead concentrations than the other samples: New Spirit Garden Dwarf Blue Kale and Fry’s 

organic, Arizona-grown kale. It is important to note that these samples did not have dangerous 

lead concentrations, merely concentrations that were notably higher than the other samples.  

Cadmium (figure 6) 

All Cd concentrations were below what would exceed the EPA reference dose of 

0.001mg/kg/day within a reasonable amount of servings, except for the Trader Joe’s kale, which 

would reach the reference dose in five-six servings. Overall, the store-bought kale had higher 

concentrations of Cd than the garden-grown kale. With a grocery median of 0.08099 µg/g and a 

garden median of just 0.0099 µg/g, this shows almost a ten-fold increase in Cd concentration in 

grocery kale compared to garden-grown kale. The garden median was well below the FDA 

Market Basket Study median, but the Tucson grocery store median of 0.081µg/g was almost four 

times higher than the FDA median for collards, 0.028µg/g. 

Copper (figure 7) 

The EPA has not assessed a reference dose of Cu. Most samples in this study had Cu 

concentrations at or well below 0.001 µg/g, except for the organic, Arizona-grown kale from the 

Safeway on Broadway and Campbell. This kale reached a Cu concentration of 0.0065 µg/g. The 
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FDA Market Basket Study published the median Cu concentration in collards as 0.5 µg/g. The 

median Cu concentrations in Tucson gardens and groceries were 0.544µg/g and 0.855µg/g, 

respectively—only slightly higher than FDA values.  

Nickel (figure 8) 

No samples had Ni concentrations even close to reaching the EPA reference dose of 0.02 

mg/kg/day within a reasonable number of servings. Compared to the FDA Market Basket Study, 

the Tucson grocery store median Ni concentration of 0.0975 µg/g is higher than the national 

median of 0.043 µg/g in collard greens. The garden median of 0.0229 µg/g is less than the value 

published in the Market Basket Study. Between garden and store-bought kale, the store-bought 

kale had consistently higher concentrations of Ni than the garden-grown kale.  

Zinc (figure 9) 

The median urban-grown kale had higher concentrations of Zn in its biomass than the 

store-bought kale. The median in garden kale was 4.925 µg/g, and the median in grocery kale 

was 2.777 µg/g. The FDA Market Basket Study reported a median Zn concentration in collards 

to be 2.19 µg/g, which is less than both median concentrations reported in this study for grocery 

and garden kale. No sample reached Zn concentrations high enough to breach the EPA reference 

dose of 0.3 mg/kg/day in less than 30 servings per day, which is far outside of a reasonable range 

of servings.  

Molybdenum (figure 10) 

The median Mo concentration of garden-grown kale, 0.233 µg/g, exceeded that of store-

bought kale, 0.189 µg/g. Curly kale from the Sabino Vista garden and Dwarf Blue kale from the 

New Spirit garden have Mo concentrations that will reach the EPA reference dose of 0.005 

mg/kg/day within five to six servings of kale. The FDA Market Basket Study reported the 

median Mo concentration in collards as 0.0 µg/g and mean of 0.262 µg/g. The median values in 

this study exceed the FDA median but fall short of the FDA mean.  

 

Visual Comparison Between Gardens, Grocery Stores, and FDA Market Basket Medians 

Below is a table showing the median concentration of each metal in garden and grocery 

kale, as well as the median reported by the FDA Market Basket Study for each metal in collards. 
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= concentration exceeds FDA Market Basket Study median value in collards 
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Discussion 

Results 

Overall, there were a variety of differences between store-bought kale and urban-grown 

kale in Tucson. No sample had metal concentrations that exceeded EPA reference doses within 

one serving, but some exceeded reference doses within five to six servings. There were many 

samples that exceeded the results of the FDA Market Basket Study for collard greens. The 

Market Basket Study did not include kale, but collard greens are an acceptable vegetable for 

comparison because it is part of the Brassica oleracea family as well.  

Pb, Cd, and As are three metals that attract attention for being particularly hazardous to 

human health. Their results are discussed below. 

Lead 

 The Pb concentrations in garden kale vs. grocery kale did not vary by much. It was 

expected that the urban gardens would have elevated Pb concentrations compared to commercial 

farms because of the likely variety of past land uses and proximity to roads and commercial 

buildings. Figure 5 illustrates that the median concentration in stores was not lower than the 
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median in gardens. It is interesting to note, however, that the organic kale grown in Arizona had 

the highest Pb concentration among the grocery kale samples.  

Cadmium 

Cd is a hazardous contaminant in the environment because it can bring about toxic affects 

in human when ingested in even small concentrations (Günther and Kastenholz, 2005). Cd had 

the starkest difference between garden and grocery kale concentration, with the grocery store 

kale having much higher concentrations than the urban garden kale. The opposite trend was 

expected because of Tucson’s proximity to Arizona mining operations and commercial and 

industrial buildings. A study conducted on California agricultural soils observed that 

concentrations of Pb, Cd, and As can be elevated due to their presence in many commercial farm 

fertilizers (Chen, et. al. 2008). Small, urban gardens generally do not use the high volume of 

fertilizer that large farms require. This might explain why the kale in this study that came from 

larger agricultural operations had higher concentrations of Cd and As, although they did not have 

higher concentrations of Pb.  

Arsenic 

 Arizona is a state with many mining operations, and As is a significant by-product of 

mining. It was expected that the garden-grown kale would have had higher concentrations of As 

than the grocery kale that was grown elsewhere because of the high number of mining operations 

in Arizona and relatively near to Tucson (Asarco). However, the opposite was true. Only one 

garden kale sample—from New Spirit garden on the east side of Tucson—had a significantly 

higher As concentration. The second-highest concentration of As was found in organically 

grown Arizona kale purchased at the Safeway on Broadway and Campbell. Overall, grocery 

store kale had a higher median and average As concentration than Tucson urban gardens did, 

implying that Tucson’s proximity to mining operations does not have a significant impact of 

metal contamination in urban gardens.  

The gardens are relatively urban and not located near mining sites. This could be the 

reason for the garden-grown kale not having dangerous levels of metals like As, Cd, and Pb. 

More rural gardens that are in or adjacent to mining towns may have more of a risk of metal 

contamination (Ramirez-Andreotta, et. al. 2013). Significant sources of As and Cd are mining 
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and smeltering operations. Since the closest mine to Tucson, the Asarco Mission Copper mine, is 

located nearly 20 miles south of Tucson, it is logical that the arsenic from this mine would not 

accumulate in exceptionally large concentrations in Tucson community gardens.  

Also, the gardens were mostly in neighborhoods, which generally do not have high levels 

of past commercial/industrial activity. Collectively, the gardens in this study were located near a 

farm, on a monastery property, next to a school, and next to a church. If this study were 

performed using gardens located in a more congested city area, like downtown Tucson, perhaps 

the results may be higher in metal concentration because downtown areas have a higher 

concentration of commercial, industrial, and residential buildings. They also have a higher 

volume of traffic and roads.   

Another study conducted in New York City (Cheng, et. al. 2015) found many community 

and home gardens that exceeded the city’s Soil Cleanup Objectives—which are NYC’s 

concentration goals for metal reduction—and reached concentrations high enough to warrant 

public health concerns. The soils in the Cheng et al. (2015) study exceeded the cleanup objective 

concentrations of several metals, including Pb, Cd, As, Ni, Cu, and Zn. NYC is a much larger 

city than Tucson, and gardens in NYC are likely to be in more populated and contaminated areas 

than the gardens in Tucson, possibly explaining why Tucson urban gardens don’t have the same 

level of contamination as gardens in NYC. Also, NYC is a much older city than Tucson. This 

introduces more years of pollution to the urban soils from past industrial activities. During the 

industrial revolution especially, the east coast burned coal and produced mass amounts of 

pollution. Tucson hasn’t existed as long as NYC has, and therefore hasn’t had as many years of 

production that pollutes its soils.  

Methodology and Limitations 

One limitation of this study is the relatively small sample sizes. Only four gardens were 

sampled, which is a very small number compared to the 24 gardens that are part of the entire 

Tucson community garden group. About 10 gardens were invited to participate in the study, but 

only four responded.  

Ideally, this study should include gardens from a wider range across Tucson. This study 

did not include gardens from west or south Tucson because of lack of existence and lack of 

response from garden coordinators. Furthermore, a variety of vegetables from each garden could 
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be analyzed because different plants accumulate nutrients and contaminants in different 

concentrations (Wenyou, et. al. 2013).  A future study on urban gardens in Tucson should also 

include the collection and analysis of soil samples to compare metal concentrations in soil with 

concentrations of metal accumulation by plants. 

Another possible error in this study involves the drying and weighing of the kale samples.  

The kale was stored in brown paper bags for weighing and drying. These bags weigh 

approximately 14g each, and they introduce possible error when calculating the weight of the 

kale samples, which are very light in comparison to 14g. Also, an average was taken for the 

weight of the bags and subtracted from each total scale measurement to determine the kale’s 

fresh and dry weights. An average is only a snapshot of the possible true mean, and can 

introduce systematic error in the approximations. Also, in a more standardized, laboratory 

protocol, the kale samples would be acid-washed. However, if the samples had been washed with 

acid in this study, it might have eliminated trace elements on the leave’s surfaces that otherwise 

would have been consumed at home after an average rinsing.  

The last notable limitation is the use of the FDA Market Basket Study results for collards 

instead of the preferred kale. Although collards are also a member of the Brassica oleracea 

family, it is possible that they accumulate metals in different concentrations than kale does.  

 

Conclusion 

Overall, this study revealed the trend that grocery- bought kale in Tucson has higher 

concentrations of trace elements than garden-grown kale. The only elements that broke this 

pattern were molybdenum, zinc, and lead (lead had very similar concentrations in both garden 

and grocery kale).   

Compared to the FDA Market Basket Study results on collards, most of the kale in this 

study had higher median concentrations. After completing exposure assessments for each metal, 

no kale samples reached EPA reference doses within one serving. In the case of high kale 

consumption (five to six servings), certain samples would reach the reference doses of Mo, Se, 

and Cd. The metal concentrations overall are not high enough to warrant health concerns.  
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Appendix 

*Note: In the following figures, the arrow on the left (if applicable) shows the FDA Market 
Basket Study median concentration in collards. 

Figure 1: Aluminum (no FDA values) 

 
 
 
Figure 2: Chromium (no FDA values) 
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Figure 3: Arsenic (FDA median = 0.0µg/g) 

 
 
 

 

Figure 4: Selenium (FDA median = 0.0µg/g) 
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Figure 5: Lead (FDA median = 0.0µg/g) 

 
 
 
 
 

Figure 6: Cadmium (FDA median = 0.28 µg/g) 
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Figure 7: Copper (FDA median = 0.5 µg/g) 

 
 

 

Figure 8: Nickel (FDA median = 0.043 µg/g) 
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Figure 9: Zinc (FDA median = 2.19 µg/g) 

 
 
 

 

Figure 10: Molybdenum (FDA median = 0.0µg/g) 
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