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Steps in  
Scientific Research  

Choose or define question(s) for study 

Gather information and resources 

Develop explanations  

Design data collection methodologies 

Collect samples and/or record data 

Analyze samples 

Analyze data 

Interpret data and draw conclusions 

Disseminate conclusions/ Translate results into action 

Discuss results and ask new questions 

Data Validation – QA/QC  

Ramirez-Andreotta et al., 2014. International Public Health Journal 
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Community question(s) for study 
Align research w/community priorities and local knowledge 

 
• Are my soils safe? 

• Is it safe for me to consume the 

vegetables from my garden? 

• If so, how much?  

This taps into free-choice learning.  
>50% of adults are learning science and 
technology via life experiences (Falk, 2002). 



General guidance was given 



General guidance was given 

Participants decided where to select soil samples and which 
vegetables to analyze 
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Reporting data  
Typical participant questions about personal 
exposure results, Brody et al., 2007  

Information provided to Gardenroots 
participants 

Description 

What did you find?  What did you look for? Concentration of arsenic (contaminant of concern) and 19 other 

elements of potential interest  

How much? Concentrations for all 20 elements were presented in a chart for all 

their vegetables, soil and water samples analyzed. 

Analysis/Comparison 

Is that high?  Arsenic concentrations observed in vegetables from the USDFA 

Market Basket Study were used for comparison. Regional soil 

screening levels and the maximum contaminant levels in water was 

provided.  

Is that safe? Chart exhibiting how much of the vegetable can be consumed from 

their garden at various excess target risks 

What should I focus on? Participants were able to compare the risk posed from each exposure 

route (water, soil, vegetable) and the arsenic concentration in each 

vegetable to then decide where to focus mitigation efforts 

Where did the chemical come from? Participants identified their gardens as potential sources of arsenic 

and initially asked the research question 

Recommendation  

What can/should I do?  Exposure reduction/precautionary strategies were provided such as: 
recommended gardening practices handouts were generated to guide 
gardeners, “Arizona Know Your Water” and “Arizona Know Your Well 
Water” guides 

Ramirez-Andreotta MD et al. 2014. Building a co-created CS program with gardeners neighboring a Superfund site: The Gardenroots case study. 
In: Public Health: Improving Health via Inter-Professional Collaborations, (Caron RM, Merrick J, eds).  



Culminating experience of the project. Food! Open Discussions! Presentations! 
 



Reporting All Results and Potential Risks
at the Individual/Household Level 

 

• The metal(loid) concentrations in 

their soil, water and vegetables 
 

• How much they can eat at various 

target risks 
 

• Estimated risks associated with 

soil, water and vegetables  

allowed participant to compare 

risks posed by the different 

exposure routes 
 

• Nutritional content in vegetables 
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In addition to concentration data, all methods and mathematical equations 

used for exposure assessment and risk characterization were given 
 

Bioavailability 
of 

 arsenic 

  

This was important in order to build their capacity when working with 
regulatory agencies.  
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Lower Risk 

1/10,000 1/1,000,000 1/100,000 

Medium Risk 

1/100 1/1,000 

Higher Risk 

Individual Booklet: Soil and Water 



Compared Gardenroots to a nationwide 
study for reference  

Total Diet Study – Market Baskets 
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How much to eat from 
garden? 

All raw values 

But wait! 



  

Allowed them to decide for themselves 

“It is your choice to decide what target risk you want to use to make decisions about 
how many cups per week to consume from your garden.” 
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Explained how exposure assessments are conducted to build their 
capacity when working with regulatory agencies.  

Bioavailability 
of 

 arsenic 

  

Participants recalculated their potential exposure and risk by changing 
the assumptions to suit their behavior 
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Present Solutions and Recommendations 

Water Testing and Treatment Systems  
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Did this Risk Communication Method
Work? 

 

 

G

Reduce the amount of time you spend
gardening, and change your gardening

practices

Reduce the amount of time you spend
gardening

Continue to garden like you did before
ardenroots, but change your gardening

practices

Continue to garden like you did before
Gardenroots

0 2 4 6 8 10 12

Now that you have the results from your garden, will you:  

Ramirez-Andreotta MD et al. 2014. Building a co-created CS program with gardeners neighboring a Superfund site: The Gardenroots case study. 
In: Public Health: Improving Health via Inter-Professional Collaborations, (Caron RM, Merrick J, eds).  



Individual Outcomes – Increased 
understanding of soil contamination, 
food quality, and the scientific process  

Programmatic 
Outcomes – 

Advanced our 
understanding of 

soils, uptake of 
arsenic by 

vegetables, 
exposure and risk 

Community Outcomes – 
Increased social capital and 
community capacity (i.e. 
community networking and 
participation in resource-related 
issues 

Outcomes 



 Did this Risk Communication Method Work? 
Outcomes: Environmental Action and Social Capital 
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• Participants worked together to identify/notify households who were on the 
public water supply. 

• Public water supply was issued a Notice of Violation and is under constant 
monitoring by the state 

• Reports concentrations in monthly town newsletters 
-------- 
• Two Gardenroots participants were UA employees were part of local field 

team to assist with the Metals Exposure in Homes Study  
 
 



 Did this Risk Communication Method Work? 
Outcomes: Generated New Participant Inquiries 

 
Do cinder blocks in a raised garden 
bed contributed arsenic to their 
soil? 

 Quality of local 
farm vegetables? 

Concentrations of arsenic and 
heavy metals in chicken eggs? 
Correlation between the 
exposure pathways and the 
concentrations observed in eggs?  



 

How does the arsenic 

concentration found 

in my vegetables 

compare to others?

What was 

the range and average 

arsenic concentraton 

found in our irrigation 

water?

What was 

the range and average 

arsenic concentration 

found in our garden 

soils?

 A Complete Overview of the Dewey-

Humboldt, Arizona Garden Project

Dewey-Humboldt Town Library

Thursday, June 21, 2012

 6:00PM to 7:00PM

What was the 

spatial distribution

of participants?

What were the most 

commonly grown vegetables 

in our community?

Did this Risk Communication Method Work? 

Outcomes: New participant inqui ries informed how to 

disseminate results broadly, additional community gatherings 

where hosted for the town and across the state of AZ 



Contact Information 
Mónica Ramírez-Andreotta 
mdramire@email.arizona.edu 

 

 

Special Thanks to the Dewey-Humboldt, AZ Community 

Thank you for your time and consideration. 
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