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Abstract

Certain food products have been shown to accumulate arsenic (As) and cadmium (Cd) making it 

critical to monitor individual’s intake, particularly when they live near sources of environmental 

contamination. After a literature review, a novel dietary assessment was conducted to estimate a 

child’s potential exposure to these metal(loid)s via consumption of locally grown foods in 

communities impacted by active or legacy resource extraction activities. Mean ingestion rates of 

As- and Cd-translocating crops belonging to the Asteraceae, Brassicaceae, Caricaceae, 

Amaranthaceae, Cucurbitaceae, Liliaceae, Solanaceae, Apiaceae, and Fabaceae plant families 

were calculated for children: 1 to < 2 years, 2 to < 3 years, and 3 to < 6 years of age. These 

calculated ingestion rates ranged from 0 to 143,571 mg d−1. Farmer-consumer relationship was the 

leading motivation for buying locally grown foods, while lack of experience/unfamiliarity was the 

most frequently reported reason for not buying locally. The median percentages of child's yearly 

consumption of fruits and vegetables originating from stores (conventionally grown) and from 

local sources (farmer's market) were 48% and 38%, respectively. Tomato was the crop with the 

highest intake rate among children 1 to < 2 years and 2 to < 3 years of age and broccoli for 

children 3 to < 6 years of age. It was concluded that families who are reliant on locally grown food 

products may be disproportionately exposed to As and Cd, which could cause detrimental health 

effects.
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1. Introduction

In order to conduct a thorough exposure assessment of heavy metal(loid)s, it is critical to 

obtain site- and population-specific data to inform the exposure assessment model. In 

addition to environmental monitoring, dietary assessments are widely used to monitor and 

record dietary intakes for epidemiological studies. These assessments commonly include a 

food frequency questionnaire (FFQ), 24-hour recall (24HR), and/or dietary record (DR) 

administered through a combination of self-reporting and computer-based tools (Shim et al., 

2014; Thompson et al., 2010). These assessments are valuable but are commonly critiqued 

for the lack of specificity of foods relevant to a study’s particular population.

To thoroughly evaluate a child’s consumption patterns of foods, in particular, locally grown 

foods, a dietary assessment must consider the relevant socioeconomic and cultural factors 

known to influence consumption patterns. These include proximity to a local farmer’s 

market, income level, sociodemographic factors (e.g. ethnicity/race, gender), and whether a 

person or family resides in an urban or rural community (Freedman at al., 2016; Feldman et 

al., 2015; Grebitus et al., 2013; Racine et al., 2013). A previous study showed that rural 

residents are also more likely to buy locally than urban and suburban residents (Racine et al., 

2013) due to their increased access to local farms and produce (Racine et a., 2013). Rural 

families with children are more likely to buy fruits and vegetables locally (Racine et al., 

2013) and community gardens are known to increase consumption of fruits and vegetables 

(McCormack et al., 2010).

Food deserts may also impact a rural community’s dependence on locally sourced foods. 

The U.S. Department of Agriculture (USDA) defines a food desert as a low-income census 

tract with a substantial number of residents with low access to large grocery stores that sell 

healthy foods at an affordable price (Ver Ploeg et al., 2011). Food access indicators include, 

low-income, low-access at 0.5 and/or 1 mi (urban) and 10 and/or 20 mi (rural), low vehicle 

access, and high (67% of population) group quarters (USDA, 2017). Low-income is 

classified as a median family income at or below 80% of statewide median family income, 

while low-access means that at least 33% of residents live more than 1 mi (urban) or 10 mi 

(rural) from a large grocery store (Rhode et al., 2017). As a result of low-access to 

nutritional foods at affordable prices, members of communities impacted by food deserts 

may be more likely to either travel farther for quality food options, not consume nutritiously 

dense food products, or rely on community- or homegrown foods.

Pollution has ubiquitously impacted the environment, leading to the contamination of air, 

water, and soil (Landrigan et al., 2018). It is well documented that soil, air, and water quality 

can be impacted by contamination from mining and other resource extraction activities (e.g. 

Ramirez-Andreotta et al., 2013a & 2013b; Csavina at al., 2012 & 2011), leading to elevated 

levels of metal(loid)s in wildlife and humans (Gonzalez & Gonzalez-Chavez, 2006; Castro-
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Larragoitia et al., 1997). Drinking water from contaminated groundwater is a major source 

of As exposure (World Health Organization (WHO), 2018). Arsenic is naturally occurring 

and can be found in sediments, soils, and groundwater and may also be released into the 

environment via mining, ore smelting, and industrial use of the element (ATSDR, 2015a). 

Cadmium is naturally occurring and is typically emitted to soil, water, and air by metal 

mining and refining, manufacture and application of phosphate fertilizers, fossil fuel 

combustion, and waste incineration and disposal. Generally, cadmium binds strongly to 

organic matter where it can stay in soil and be taken up by plant life, eventually entering the 

food supply (ATSDR, 2015b).

Food commodities such as rice, wheat products, fish, meat, and fruit juices have been shown 

to accumulate As and/or Cd (Yu et al., 2017; Cai et al., 2016; Chunhabundit, 2016; Bian et 

al., 2015; Newton et al., 2006). Shellfish and some offal such as liver and kidney have been 

shown to contain increased Cd concentrations due to the organs’ ability to concentrate the 

metal (Morrow, 2001). As a result of increased As concentrations measured in apple juices, 

the U.S. Food and Drug Administration established an action level of 10 μg kg−1 for As 

(Chen et al., 2014). Certain garden crops have also been shown to uptake these metal(loid)s 

associated with mining operations (e.g. Ramirez-Andreotta et al., 2013a & 2013b; Cobb et 

al., 2000; Li et al., 2006). Previous studies have shown that leafy vegetables (e.g. lettuce and 

spinach), root vegetables (e.g. potatoes) grains, peanuts, soybeans, and sunflower seeds may 

have high levels of Cd (Chunhabundit, 2016; ATSDR, 2012; Morrow, 2001). Thus, if crops 

are grown near resource extraction waste and other hazardous waste sites with As and Cd 

contaminants, members of these communities may be at an increased risk of exposure 

through their diet. This is especially critical because the U.S., the majority of Cd exposures 

for children is through dietary intake (ATSDR, 2012). Concomitantly, certain food 

preparation methods may also contribute to As exposure such as boiling foods or irrigation 

of crops with As contaminated waters (WHO, 2018). Improper cleaning of crops may 

increase As and Cd exposure if the consumer does not fully remove the soil particles from 

the surface of the crop.

Evaluating ingestion of food products as a potential exposure pathway to contaminants in 

rural environmental justice communities is critical due to their dependence on locally grown 

foods. An understanding of the target population’s demographic and cultural influences can 

greatly improve dietary assessments. For example, the Hispanic Health and Nutrition 

Examination Survey (HHANES) provided a well-established list of commonly eaten foods 

in Hispanic and Latin cultures (CDC, 1984). Careful selection of foods to include in the FFQ 

is important to estimate the typical intake of garden produce among a targeted population 

growing local foods and living near a waste site. Furthermore, the influence of demographic 

and cultural influences are important to consider for serving size estimations. For example, 

Asian and Latino populations’ perception of a small portion of rice, may be larger than the 

general population (Thompson & Subar, 2017). This difference in estimated serving size 

could have a drastic impact on one’s potential risk to adverse health effects associated with 

an increased consumption of rice that has been shown to accumulate elevated levels in As 

(Bhattacharya et al., 2010).
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The goal of this study was to determine: 1) which crops are known to translocate As and Cd 

to the edible portion of the plant, and of these crops, determine which are commonly grown 

locally and culturally relevant, and 2) design a dietary assessment to capture a child’s intake 

of these crops in rural, vulnerable communities.

2. Materials and Methods

2.1. Literature review on produce that translocate As and Cd

A literature search was conducted to identify specific foods and plant families that have been 

shown to translocate As and Cd. Two online databases were used to search for peer-reviewed 

publications: Web of Science and Google Scholar. Combinations of keywords such as 

“arsenic”, “cadmium”, “food”, “diet”, “garden”, and “accumulating” were used to search for 

articles from September 1999 to July 2017. Further publications were identified from the 

reference list of several of these articles. The inclusion criteria included articles that describe 

accumulation and/or translocation of As and/or Cd in the edible portion of the crop. Of 

approximately 75 articles reviewed, 15 provided crops relevant for the target population 

shown in Table 1. Crops were categorized based on their bioconcentration factor (BCF), 

which is defined as the ratio of metal(loid) concentration (dry weight) in the plant to the 

concentration in the soil the plant was grown, expressed as BCF = Cplant/Csoil (Ramirez-

Andreotta et al, 2013a; Ávila et al., 2017; Alam et al., 2003). Using the BCF, the following 

categories were used define metal accumulators and hyperaccumulators: BCF < 1 – no 

metal(loid) accumulation; 1 ≤ BCF < 10 – metal(loid) accumulation; and BCF ≥ 10 – 

metal(loid) hyperaccumulation (Ávila et al., 2017).

2.2. Site description

The dietary assessment was designed for and administered at preschools (N = 4, referred to 

as S1-S4) throughout the rural cities of Nevada City (95959) and Grass Valley (95945) in 

Nevada County. CA. According to the 2010 Census, Grass Valley and Nevada City had 

approximately 12,860 and less than 5,000 residents, respectively (U.S. Census Bureau, 

2010). Grass Valley meets the food desert indicator of low-income and low-access at 10 and 

20 mi, while Nevada City only meets the low-access at 10 and 20 mi criteria (USDA, 2017). 

Nevada County was historically impacted by the California Gold Rush, which has caused 

persistent metal(loid) contamination in the region (Alpers, 2017). Each preschool has a 

vegetable garden and playground surrounding areas in which children frequently interact in 

throughout the school year. Each site also had a site administrator that provided information 

regarding the garden’s use and history.

2.3. Gardening behavior assessment

A gardening assessment tool was created to characterize the preschool’s environment and 

gardening practices. The assessment was administered using the online Qualtrics software 

(Qualtrics, Provo, UT, 2018). Each preschool’s administrator completed the online survey 

without an interviewer. The assessment included questions regarding the garden and 

preschool site, gardening activities, and preschool children behavior (Supplemental Material 

A). All respondents who completed the questionnaire and dietary assessment (described 
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below) were consented under the University of California, San Francisco (UCSF) 

Institutional Review Board (IRB) rule as an approved project.

2.4. Dietary assessment

A dietary assessment was designed to determine child daily intake rates of various foods and 

evaluate consumption patterns of locally grown crops. The considerations detailed above 

(Section 2.1) guided the selection of foods included in the dietary assessment to prevent the 

underestimation of a child’s usual intake of locally grown crops. For this study, the dietary 

assessment was administered to parents and comprised of a 24HR and an FFQ to collect 

dietary information.

2.4.1. Food frequency questionnaire (FFQ) design—A modified FFQs was 

designed based on national surveys: National Health and Nutrition Examination Survey 

(NHANES) (CDC, 2016) and Diet History Questionnaires (DHQ-II) (National Cancer 

Institute, 2010). Since these national surveys do not adequately represent the average diet of 

a child in Nevada County, CA, a modified FFQ was designed to integrate the rurality, 

demographic and socioeconomic status influences of the preschool families (Thompson & 

Subar, 2017; Shim et al., 2014; Garcia et al., 2000; Baxter, 1997). Furthermore, this novel 

FFQ accounted for the potential exposure to As and Cd by including common garden crops 

that have been shown to translocate As and Cd (Table 1).

Community partners were trained to administer the FFQ by face-to-face and phone 

interviews in English and Spanish. Food images and physical serving size props were used 

during face-to-face interviews for participants to better estimate food portions (full 

assessment available in Supplemental Material B). Descriptive icons and/or an “object size 

comparison” was used for the question, “What was your child's usual serving size of 

[food]?” to reduce this possible recall bias for phone and self-administered interviews 

(Figure 1). An example of the schematic of the flow of FFQ questions for this study is 

depicted in Figure 1.

The FFQ was also designed and administered using Qualtrics software (Qualtrics, Provo, 

UT, 2018). Skip-logic features were used to reduce participant burden and fatigue and 

reduce the amount of time needed to complete the survey by omitting non-applicable 

questions. Further, it reduced user error by preventing users from accidently answering those 

non-applicable questions. The force-response feature on the survey ensured completion of 

the survey in comparison to paper-administrated FFQs not administered by interview.

Recent studies have characterized interest in locally grown crops based on factors including 

proximity, quality of product, price, health-related exposures, and overall being more aware 

of environmental consequences (Ramirez-Andreotta et al., 2019; Freedman et al., 2016; 

Brown, 2003). Therefore, in the FFQ, participants were also asked to select any and all 

applicable factors that they believe drive their motivation for buying or not buying locally 

(Freedman et al. 2016) (Supplemental Material B).

2.4.2. 24-hour recall (24HR) design—The 24HR asks participants to provide a 

detailed list of foods consumed over a 24-hour time period. The 24HRs were completed by 
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the parents on their own time at home without an interviewer. Participants recorded their 

child’s food and beverage intake for three nonconsecutive days to limit reactivity (change in 

diet as a result of having to record) (Thompson et al., 2015; Walton, 2015). When filled out 

correctly, the open-ended questions provide a detailed description regarding food and 

beverage ingredients, serving size, and preparation for that recorded day (Shim et al., 2014). 

Modifications were made for this study in order to obtain more detail than typically reported 

in traditional 24HRs. Participants were asked to report the following details about their 

child’s consumed foods and beverages (Supplemental Material C):

• Meal/snack time

• Food/beverage ingredient

• Food type/brand

• Serving size (or dimension)

• Mode of preparation

• Food source

While the self-reporting approach provides little to no burden to the investigator, the 

subjective survey relied on the respondents’ ability to recall the details of their meals that are 

often overlooked (i.e. seasoning) as well as estimated portion size (Walton, 2015; Shim et 

al., 2014; Thompson, 2010). Therefore, participants were instructed to fill out the 24HR to 

the best of their ability within an hour of each of their child’s meal to limit recall bias 

(Thompson, 2010; Baxter, 1997).

2.5. Intake rate calculation

A child’s intake rate (IR) can vary by age. For ingestion of food, the intake rate is the 

amount (mass) of the food consumed over a single day expressed by IR (mg d−1) = massfood/

day. Average intake rates for crops grown at the preschools were calculated using the 

consumption frequency and usual serving size data reported in the FFQ (described in 

Supplemental Material B). For comparison, the U.S. Environmental Protection Agency (U.S. 

EPA) Exposure Handbook (U.S. EPA, 2011) estimations for carrots, cabbage, romaine 

lettuce, and kale were used. Due to the low response rate, the results of 24-hour recall were 

not used for intake rate calculation.

3. Results

3.1. Literature review

Twenty-five crops that translocate or accumulate/hyperaccumulate As and/or Cd in the 

edible portion of the plant (Table 1) were identified from the preliminary literature review. 

Cabbage, lettuce, and kale were identified as potential hyperaccumulators of As or Cd 

(bioconcentration factor ≥10) (Manjón et al., 2019; Ávila et al., 2017). Based on their 

capacity to uptake and translocate As and Cd, these crops were included in the FFQ in 

addition to foods previously included in traditional NHANES and DHQ-II FFQs.
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3.2. Participant socio-demographics

A total of 10 parents completed the dietary assessment on behalf of their child(ren). The 

children represented in this study ranged from 9 months to 4.5 years of age. Four parents 

completed the FFQ on behalf of two or more children, so the average age of the children in 

the household was used for those FFQ responses. Five children identified as white, 

Caucasian, and/or European American; two identified as Latino or Hispanic and white, 

Caucasian, and/or European American; and one identified as an African American, black, 

and white, Caucasian, European American. One child identified as Latino or Hispanic, and 

another as American Indian, Native American, or Alaskan Native. Each parent reported 

English as their primary language, with one reporting Spanish as their second language.

When asked about the highest level of education, four parents reported some college (less 

than four years), three completed a Bachelor’s degree, two completed high/secondary 

school, and one received a post-graduate degree (Masters/PhD, MD, JD, etc). The parents 

also reported having 2 to 8+ people within their households, with a median total household 

income of $31,035 (participant range: $17,400 – $76,600).

3.3. Gardening behavior assessment

A total of 4 site administrators (one from each preschool) completed the online gardening 

behavior assessment on their own (not administered by interview) regarding garden history 

and practices. Each preschool reported growing leafy vegetables regularly along with a 

variation of other garden produce such as fruiting plants, herbs, and/or roots. Site 

administers reported using less than 25% of their garden produce for school meals as often 

as once per day to 1-6 times per year. Further, each site reported that aside from students; 

families, teachers, and staff also consume the preschool-grown crops.

3.4. Dietary Assessment

Ten parents from 3 of the 4 preschools (n = 1 from S1; n = 5 from S2; n = 4 from S3) 

completed the dietary assessment between October to December 2018. Of the ten 

participants, all completed the FFQ with an interviewer, but only 4 completed and returned 

their 24HR that was instructed to be completed at home. Unfortunately, each of the four was 

completed incorrectly. Thus, we were unable to validate each participant’s responses in the 

FFQ.

In the FFQ, parents reported the percentage of each child’s yearly consumption of various 

food groups and sources: homegrown, locally sourced, or store-bought (organically or 

conventionally grown) (Table 2). The highest median percentage of child's yearly 

consumption of fruits and vegetables originated from a store (conventionally grown) and 

locally grown/farmer's markets. Whereas, fruits and vegetables originating from a home 

garden had the lowest median value. Lastly, the highest median percentage of child's yearly 

consumption of meats (fish, poultry, beef, pork, etc.) and corn, grains, oats, and rice 

originated from a store (conventionally grown).

Participants were asked to select any and all applicable motivations for buying or not buying 

foods locally. Of those that indicated that they prefer to buy foods from local sources, all 
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respondents reported their farmer-consumer relationship (n = 6) and half reported 

“environmental consciousness” and “perceived health benefits” as motivations (Figure 2). 

All other motivations for buying locally were reported by at least 2 participants (Figure 2). 

“Unfamiliarity with experience” was the most reported motivation for not buying locally 

among the four participants whom do not prefer to buy foods from local sources. No 

participant reported that having his/her own garden or farm as a motivation to not buy 

locally.

The intake rates for common As- and Cd-translocating crops are shown in Table 3. In 

general, crop consumption decreased with increasing age. The highest estimated intake rate 

for children 1 to < 2 years and 2 to < 3 years of age was for tomatoes (7,165 and 143,571 mg 

d−1, respectively) and broccoli (11,375 mg d−1) for the 3 to < 6-year-old child. Radishes 

were the least consumed crop of all age groups.

The percentage of respondents whom reported that the crop their child consumed over the 

past 12 months was from a home or local garden is shown in Figure 3. The majority (14 out 

of 24) were (≥ 50%) locally sourced.

4. Discussion

4.1. Age-specific child intake rates

This study presents a novel dietary assessment designed for preschool-aged children in rural 

Nevada County, CA. Our literature review identified 25 crops that have been shown to 

translocate As and/or Cd in the edible portions of the plant. By integrating this list into our 

novel FFQ, the research group determined mean ingestion rates specific to the children at 

these preschools.

Data reported in the dietary assessment by participants was used to determine age-specific 

child intake rates (Table 3). The intake rates of cabbage (268–607 mg d;−1), and kale (0–336 

mg d−1) were similar to the Brassica vegetables intake rate of 400 mg d−1 (children 2–7 

years-old) reported by Liu et al. (2010) whom conducted a comparable study. Similarly, the 

intake rate of leafy vegetables (1,400 mg d−1) and potato (1,900 mg d−1) reported by Liu et 

al. (2010) were also within the intake rate range for lettuce (78–6,960 mg d−1) and potato 

(360–6,994 mg d−1) from this study. In contrast, the intake rate of green beans (833–7,440 

mg d−1) and tomato (6,429–143,571 mg d−1) in this study were greater than the intake rates 

(200 and 2,700 mg d−1, respectively) of these vegetables (Liu et al., 2010). It is important to 

recall however, that the age of children in this study ranged from 9 months to 4.5 years, 

while those in the study by Liu et al. (2010) ranged from 2 to 7 years of age.

The U.S. EPA Exposure Factors Handbook (U.S. EPA, 2011) provides a summary of 

recommended intake rates (normalized to body weight) based on rates reported in the peer-

reviewed literature and national surveys such as NHANES (U.S. EPA, 2018). The intake 

rates calculated from this study were reported as mg d−1. To make a direct comparison to 

those reported in the U.S. EPA Exposure Handbook for various child age groups, we 

recalculated this study’s intake rates to consider body weight (g kg d−1). Since not all of the 

study’s selected crops were individually reported in the U.S. EPA Exposure Handbook, the 
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estimated intake rates were compared to general food groups. These groups included root 

and tuber vegetables, leafy vegetables (brassica and non-brassica), tropical fruits, cucurbit 

vegetables, bulb vegetables, fruiting vegetables, and beans (U.S. EPA, 2018). In general, the 

mean intake (g kg d−1) of radish, kale, papaya, turnip, cauliflower, spinach, swiss chard, 

squash, garlic, potato, tomato, eggplant, pepper, carrot, cilantro, celery, kidney bean, and 

green bean for children 1-6 years of age were lower than the national average (U.S. EPA, 

2018).

The intake rates reported above were used as part of a child’s cumulative exposure 

assessment (water, incidental soil ingestion, homegrown produce, and dust inhalation) to As 

and Cd (Manjón et al., 2019). The results of Manjón et al. (2019) indicated that the As and 

Cd accumulating and hyperaccumulating crops identified in this study did indeed pose an 

increased exposure to preschool-aged children. In addition to dietary exposures, incidental 

soil ingestion was also a major contributor to preschool-aged children’s As and Cd exposure. 

Furthermore, lettuce, carrot, and cabbage grown in the preschool gardens accumulated a 

higher concentration of metal(loid) than those store-bought nation-wide. Consumption of 

preschool-grown cilantro, lettuce, and kale accounted for the highest percent contribution to 

the cumulative exposure to As for children aged 1 to < 2 years, 2 to < 3 years, and 3 to < 6 

years, respectively, whereas carrot contributed the most to a child’s Cd cumulative exposure 

for each aforementioned age group (Manjón et al., 2019). Thus, each site was advised that 

special precaution should be taken when growing these crops in As- and Cd-contaminated 

garden soil. For example, even though cilantro and kale plants had a high contribution to a 

child’s As exposure, more caution should be taken with carrot and lettuce due to their higher 

ingestion rates (Manjón et al., 2019).

4.2. Motivation for buying locally

All children (N = 10) in this study consumed broccoli, potato, carrot, and green beans. Only 

40% (n = 4) of children that ate broccoli, potato, and carrot over the past 12 months report 

them ever being sourced locally, while only 20% of children (n = 2) consumed green beans 

from a local source (Figure 3). When parents were asked “Do you prefer to buy your foods 

from local sources?”, 60% of the parents prefer buying their food from local sources (survey 

question in Supplemental Material B). However, the median percentage reported by parents 

of their child’s consumption of fruits and vegetables from locally-grown sources and home-

grown was 37.5% and 1.5 %, respectively (Table 2). A study done in North Carolina 

observed that families with children under the age of five who ate relatively high amounts of 

fruits and vegetables a day, were more likely to buy their produce from a local vendor 

(Racine et al., 2013). Further, the authors also reported that families living in rural areas, 

bought from local vendors more frequently than those residing in suburban regions. In this 

study, 50% of the parents reported “convenient location” as a motivation for buying locally, 

while only 25% of those that did not prefer buying locally reported “inconvenient location” 

as a discouraging factor. Thus, this study supports the finding by Grebitus et al. (2013) that 

families are more likely to buy locally grown foods if they are in relatively close proximity.

All participants reported that the farmer-consumer relationship was a motivation for buying 

locally grown foods. Additionally, 50% report “camaraderie” and “support of local economy 
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and farmers” as another motivation. Similarly, a previous study analyzing the extrinsic and 

intrinsic motivation for community gardening also observed that building relationships 

among other gardeners and the community was a prominent motivation (Ramirez-Andreotta 

et al., 2019). These findings provide evidence for and support the need to evaluate potential 

dietary exposures from local grown produce in at-risk communities.

4.3. Socioeconomic factors’ impact on fruits and vegetable consumption

Socioeconomic barriers have been identified as a factor that impacts the likelihood of 

consuming locally grown foods (Racine et al., 2013). The median household income of 

participants in this study was $31,035, almost half of the median household income of 

residents in Nevada County, CA ($60,610) and statewide ($67,169) (U.S. Census Bureau, 

2017). In this study, children from families with an annual income of $25,100 or below (n = 

3) generally consumed less carrot, cabbage, kale, lettuce, and cilantro than others of the 

same age groups from higher-income families. This is contrary to national trends reported by 

the “What We Eat in America”, which reports that low-income children ate more fruits and 

vegetables than children of the same age from higher-income families (USDA, 2018). 

Furthermore, in a North Caroline study, low-income families also bought more local produce 

than those of higher income (Racine et al., 2013). This discrepancy may be due to the 

present study’s confinement to rural communities and small sample size.

4.4. Limitations

The dietary assessment in the present study was subject to limitations, primarily due to lack 

of community outreach and participation. The small sample size (N = 10 parents reporting 

on the consumption patterns of 10 children) may have affected the accuracy of ingestion 

rates that may not fully representing children of the area. When prompted to report the age 

of their preschool child in the FFQ, a number of participants listed the ages or gave an age 

range for all preschool children in the home, and then completed one FFQ on behalf of all of 

them. Thus, the average age for those FFQ reports were taken to address the reporting error 

due to the open-ended question design. Since FFQs are prone to recall biases such as under- 

and over reporting (Hu et al., 1999), a 24HR was administered to the participants to validate 

the accuracy of the usual intake reported in the FFQ. The 24HRs provide a less-biased 

validation tool when unbiased methods, such as measured biomarkers are unavailable 

(Thompson & Subar, 2017). Unfortunately, due to the low response rate, the 24HR were not 

used and the FFQ was not validated.

Motivation was a limiting factor in receiving completed 24HRs. Each participant that 

completed an FFQ was also given a paper copy of the 24HR to complete on behalf of their 

child at home. Only 40% of participants returned their 24HR, and all were incomplete 

suggesting respondent fatigue (Thompson & Subar, 2017). However, of the participants 

whom completed the FFQ with an interviewer, 70% stated that the FFQ was extremely easy 

to complete and are likely to participate in future dietary assessments. Perhaps, filling out 

the 24HRs was more demanding to the participant than the online FFQ. Efforts to improve 

to dietary assessment via web-based programs are becoming more common and can reduce 

time commitments as well as administrative costs (Thompson et al., 2010). A study using 

the self-reporting, web-based tool, DietAdvice suggests that participants are more likely to 
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accurately report food intake with limited face-to-face interviewing (Probst & Tapsell, 

2007). Nevertheless, removing the role of the interviewer requires the participants to be 

highly motivated and have a high literacy level to complete the assessment properly 

(Thompson & Subar, 2017). In this study, all ten completed FFQs were administered by an 

interviewer from the research team. Future considerations for dietary assessments include 

gathering preliminary information of the target population’s usual diets and preferred 

administration methods using focus groups as recommended by Johnson-kozlow et al. 

(2011). This will allow the researchers to understand what foods are commonly eaten and 

how they are prepared within the study group, as well as how to modify the FFQ and 24HR 

to improve response rates and limit recall bias and participant fatigue. This study highlights 

the need for participant support and engagement throughout the research efforts to increase 

participant recruitment and response rates. Future studies with dietary assessments are 

encouraged to maintain ongoing communication with participants completing at-home 

components of the dietary assessment (e.g. 24HRs) through regular reminders via the 

participants’ preferred communication mode.

Further, when necessary, the estimated intake rates from this study were compared to general 

food groups since not all of these specific crops were reported in the NHANES. These 

groups included root and tuber vegetables, leafy vegetables (brassica and non-brassica), 

tropical fruits, cucurbit vegetables, bulb vegetables, fruiting vegetables, and beans (U.S. 

EPA, 2018). Lastly, this study focused on a dietary assessment tool to estimate As and Cd 

exposure via locally grown produce. However, incidental soil ingestion is another important 

exposure pathway to consider, along with expanding the scope of metal(loid)s (Manjón et 

al., 2019). Future studies should include: an adult dietary assessment tool to capture other 

age groups whom interact in these gardens and a wider range of produce regularly grown 

and shown to accumulate and/or hyperaccumulate deleterious contaminants.

5. Conclusion

Dietary assessments can provide valuable information regarding an individual’s or 

population’s intake rates, which directly informs exposure science studies. The 

comprehensive list of crops commonly consumed and grown in gardens that translocate As 

and Cd at noteworthy levels will help community and home gardeners make informed 

decisions. Families need to be aware of growing these crops in contaminated soils, and if 

necessary, limit their consumption of these crops from those sources. When combined with 

site-specific environmental data, dietary assessments reduce the uncertainty associated with 

the extrapolation of intake rates from the literature. Furthermore, these assessments can also 

inform mitigation strategies that address specific dietary behaviors and needs of a 

community. Food products, particularly, locally grown food products are known sources of 

As and Cd. These contaminants can cause detrimental health effects and are commonly 

associated with legacy and active resource extraction activities. By developing a novel 

dietary assessment, this study provides the basis for future investigations to assess the 

dietary patterns, gardening behaviors, and ultimately, exposure to metal(loid)s through 

consumption of metal(loid)-translocating and/or accumulating crops in other 

environmentally vulnerable communities.
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Figure 1. 
Schematic of FFQ questions for each food.
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Figure 2. 
Reported motivations for buying locally (A) or not buying locally (B) and the percentage of 

participants that reported that motivation.
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Figure 3. 
Percentage of ‘yes’ responses to the question, “Was the source ever from a home or local 

garden?” for each crop.
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Table 1.

Common garden crops that translocate As and Cd in the edible portions of the plant.

Reference

Plant Family Crop As-Translocation Cd-Translocation

Asteraceae Lettuce
a,c

Ávila et al., 2017; Zhang et al., 2015; Ramirez-Andreotta et al., 
2013; Gaw et al., 2008; Smith et al., 2009; Warren et al., 2003; 
Buzl et al., 2001; Cobb et al., 2000

Ávila et al., 2017; Zhang et al., 2015; 
Cobb et al., 2000

Brassicaceae

Radish Ramirez-Andreotta et al.,2013; Bhattacharya et al., 2010; Smith et 
al., 2009; Warren et al., 2003; Cobb et al., 2000 Gaw et al., 2008; Cobb et al., 2000

Kale
b,d Ramirez-Andreotta et al., 2013

Broccoli Ramirez-Andreotta et al., 2013

Cabbage
a* Ávila et al., 2017; Bian et al., 2015; Zhang et al., 2015; Ramirez-

Andreotta et al., 2013; Bhattacharya et al., 2010; Li et al., 2006
Ávila et al., 2017; Bian et al., 2015; 
Zhang et al., 2015; Li et al., 2006

Turnip Ferri et al., 2015

Cauliflower Bhattacharya et al., 2010; Warren et al., 2003

Caricaceae Papaya Bhattacharya et al., 2010; Alam et al., 2003 Alam et al., 2003

Amaranthaceae
Spinach Bian et al., 2015; Zhang et al., 2015; Ramirez-Andreotta et al., 

2013; Bhattacharya et al., 2010; Li et al., 2006; Warren et al., 2003
Bian et al., 2015; Ferri et al., 2015; 
Zhang et al., 2015; Li et al., 2006

Swiss chard Ramirez-Andreotta et al.,2013; Smith et al., 2009

Cucurbitaceae

Pumpkin Bhattacharya et al., 2010; Li et al., 2006 Li et al., 2006

Squash Ramirez-Andreotta et al., 2013

Cucumber Ramirez-Andreotta et al.,2013; Li et al., 2006 Li et al., 2006

Liliaceae
Garlic Bian et al., 2015; Ramirez-Andreotta et al., 2013; Bhattacharya et 

al., 2010 Bian et al., 2015

Onions Ramirez-Andreotta et al.,2013; Bhattacharya et al., 2010

Solanaceae

Potato Ávila et al., 2017; Bhattacharya et al., 2010; Alam et al., 2003; 
Warren et al., 2003 Ávila et al., 2017; Alam et al., 2003

Tomatoes Ramirez-Andreotta et al., 2013; Bhattacharya et al., 2010; Cobb et 
al., 2000 Cobb et al., 2000

Eggplant Zhang et al., 2015; Ramirez-Andreotta et al., 2013; Li et al., 2006 Zhang et al., 2015; Li et al., 2006

Pepper Zhang et al., 2015; Ramirez-Andreotta et al., 2013; Li et al., 2006 Zhang et al., 2015; Li et al., 2006

Apiaceae

Carrot Buzl et al., 2001 Lee et al., 1999

Cilantro
b,c Bian et al., 2015 Bian et al., 2015

Celery Buzl et al., 2001

Fabaceae Kidney bean Zhang et al., 2015 Zhang et al., 2015

Green bean  Ávila et al., 2017; Bunzl et al., 2001; Cobb et al., 2000 Ávila et al., 2017; Cobb et al., 2000

Bean Ramirez-Andreotta et al., 2013; Bhattacharya et al., 2010 Yu et al., 2017

a
Potential hyperaccumulator of Cd (Ávila et al., 2017)

b
Potential accumulator of Cd (Manjon et al., 2019)

c
Potential hyperaccumulator of As (Manjon et al., 2019)

d
Potential accumulator of Cd (Manjon et al., 2019)

*
Includes Chinese cabbage (Bian et al., 2015; Li et al., 2006)
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Table 2.

Median (min-max) percentage of child’s yearly consumption of food groups from different sources (N = 10 

children).

Fruits and
vegetables

Corn, grains,
oats, and rice

Meat (fish, poultry,
beef, pork, etc.)

Home grown 1.5% (0 – 50%) 0% (0 – 20%) 0% (0 – 25%)

Locally grown/farmer’s market 38% (0 – 50%) 0% (0– 50%) 0% (0 – 50%)

Store (organically grown) 5.0% (0 – 50%) 2.5% (0 – 100%) 0% (0 – 100%)

Store (conventionally grown) 48% (0 – 100%) 78% (0 – 100%) 65% (0 – 100%)
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Table 3.

Age-specific mean intake rate (IR) (mg d−1) of children that reported crop consumption over the past 12 

months.

1 to < 2 yrs
(N = 6)

2 to < 3 yrs
(N = 3)

3 to < 6 yrs
(N=1)

Plant Family Crop IR (mg d−1) n IR (mg d−1) n IR (mg d−1) n

Asteraceae Lettuce 947 5 6,960 3 78 1

Brassicaceae

Radish 556 1 – 0 – 0

Kale 336 3 168 2 – 0

Broccoli 2,830 5 8,161 3 11,375 1

Cabbage 607 3 340 1 268 1

Turnip 2,167 1 – 0 – 0

Cauliflower 1,509 5 9,554 2 2,229 1

Caricaceae Papaya 6,042 1 – 0 – 0

Amaranthaceae
Spinach 430 4 23,571 1 250 1

Swiss chard 762 2 – 0 – 0

Cucurbitaceae

Pumpkin 241 4 29,000 1 278 1

Squash 2,550 5 8,071 2 1,883 1

Cucumber 1,228 5 10,071 3 – 0

Liliaceae
Garlic 1,239 6 1,414 1 707 1

Onions 5,887 5 10,000 1 – 0

Solanaceae

Potato 3,635 6 6,994 3 360 1

Tomato 7,165 4 143,571 3 6,429 1

Eggplant 205 2 98 1 – 0

Pepper 1,072 6 879 3 – 0

Apiaceae

Carrot 3,372 5 15,389 3 2,265 1

Cilantro 229 4 31 2 3 1

Celery 83 1 3,200 3 – 0

Fabaceae
Kidney bean 1,059 4 441 1 1,533 1

Green bean 3,183 6 7,440 3 833 1

N = number of children within that exposure age group

n = number of children within exposure age group who reportedly consumed the crop over the past 12 months
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