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Abstract 

The application of lower-cost perchlorate remediation methods and of community-
engagement efforts to enhance management of Superfund sites 

 

  

The US EPA states Community Advisory Boards (CAB’s) have proven to be effective forms of 

engaging communities in the geographic areas of a Superfund site.  When local residents along 

with local scientists, engineers, community members and concerned citizens become engaged in 

the assessment and remediation of a US EPA Superfund site, many effects may be observed. In 

this study, measurements of change were taken along with observations made regarding the 

participants’ involvement, attitude and activities.   The outcomes are defined and measured at the 

Apache Nitrogen Products Incorporated (ANPI). This site was studied and the community was 

engaged using various educational methods. The hypothesis was that if there is strong 

engagement of participants in various activities implemented at this contamination site, there 

would be a strong impact on their involvement in, and understanding of informational meetings, 

remediation activities, and regulatory choices.  The results indicated that strong engagement and 

participation by the community members at contamination sites has a significant impact on their 

involvement, and in some cases even improving remediation efforts, and success.  In parallel to 

the proposed community engagement activities, a novel technology was employed to treat 

groundwater contaminated with perchlorate and competing oxidized species such as nitrates. . 

The treatment of groundwater containing perchlorate by a water treatment reactor employing 

ZVI processes was improved with new pre-treatments by purging oxygen, removing competing 

oxidized materials, increasing media contact surface area, increasing residence time, and treating 

the iron by washing with HCl solution.  This research indicates that community engagement 

activities may influence many aspects of Superfund site management, participants’ behaviors, 

decisions, and their understanding and that the regulatory decisions may be affected by CE 

activities coupled with a demonstration that there is an alternative remediation available.  
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Chapter 1. Introduction                                                                                                                             

 

 

Superfund sites 

      Since 1970 the United States Environmental Protection Agency (US EPA) has been charged 

by congress with the responsibility of protecting the environment of the United States. US EPA 

has the authority to prioritize significantly contaminated sites in the United States requiring 

remediation and assessments that are not being actively managed properly or not managed due to 

lack of financial resources or responsible party. These sites become part of a National Priorities 

List (NPL) and are coined, “Superfund Sites”.   This Act of Congress is known as CERCLA or 

Comprehensive Environmental Response, Compensation, and Liability Act of 1980, also 

referred to as Superfund [1].  Ideally, all site characterization and remediation work would be 

funded by the identified responsible parties. In cases where the responsible party is defunct or 

unidentified, the costs are covered by the Superfund Trust. During the first decade of Superfund, 

chemical producers, primarily the oil and gas industry, were levied to generate funding for this 

purpose [2]. This tax was not reauthorized, and currently site work is funded by general taxpayer 

funds if the responsible party is defunct or unidentified.  

The EPA makes the determination of which of these sites will be placed on the National 

Priorities List and uses their own internal determination method to make the decision and rank 
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each site with a priority score. A list of factors that are considered when determining the 

eligibility of becoming a Superfund site [3] just as a list of factors are considered and weighed in 

the unusual circumstance of “closing” or removing a Superfund site from the NPL [4]. The 

process used to evaluate sites for potential placement on the NPL begins with the Hazard 

Ranking System for the basis of analysis. There are 1377 sites currently on the NPL. In addition, 

there are many thousands of sites on State equivalent lists. For example, there are 34 state 

Superfund sites in Arizona, officially termed Water Quality Assurance Revolving Fund sites, 

which area managed by the Arizona Department of Environmental Quality. 

 

The state and federal Superfund sites are a concern in the United States as they are deemed to be 

the most serious with the least progress toward remediation occurring.  The most serious refers to 

the potential for human health effects. Generally, these sites already have affected a source of 

potable water that has been utilized for human consumption.  This translates to serious potential 

health consequences occurring from detrimental health effects or death in human beings.  

Generally, these sites are either abandoned, have disputes over who is the ‘Potentially 

Responsible Party’ (PRP); have had no, or minimal corrective action occurring; or have an 

owner or responsible party with no financial resources to adequately remediate the 

contamination.  For these reasons, these Superfund sites are a serious concern for the citizens of 

the United States and the U.S. EPA who is charged with protection the public from water, air and 

soil contamination infringement on health.  

Once a contaminated site has been recognized as a threat to human health by EPA regulatory 

enforcement officials, and it has been designated as a Superfund site, action will be required to 

define the horizontal and vertical subsurface extent of contamination, determine the contaminants 

that are present, and to take corrective action. This is known as a Remedial Investigation / 
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Feasibility Study.  The corrective action generally requires an approved plan to address 

remediation of the contamination by removal or chemical and/or biological treatment. 

Occasionally, these treatments may be physical such as sparging with air or another gas, purging 

of a volatile contaminant or physical removal by extraction of contaminated soil via excavation 

and removal from the site [5]. Alternative approaches to the remediation may require a technique 

or technology that induces chemical properties or characteristics to convert, chemically change or 

remove the contaminant.  

Background and history of community engagement 

Community engagement is generally defined as the process of working collaboratively with 

community groups to address issues that impact the well-being of those groups. Activities that 

help entities engage the community include credible and transparent reporting, town hall 

meetings and collaborative decision making [6]. Community engagement on large public 

projects, environmental assessment and remediation of Superfund sites, or natural resource 

management projects is different from business firms making efforts in community engagement 

in several aspects [7].    

Superfund community involvement is the term The U.S. EPA uses to describe “the process of 

engaging with communities affected by Superfund sites” [28]. Congress made public involvement 

in decision-making an important part of the cleanup process when the Superfund program was 

established. The role of community involvement in Superfund decision-making was strengthened 

in the Superfund Amendments and Reauthorization Act (SARA) of 1986. The National Oil and 

Hazardous Substances Pollution Contingency Plan (The National Contingency Plan, or NCP) 

describes EPA's process for conducting Superfund community involvement [135]. 
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Since Superfund was established in 1980, and especially since the EPA has been identified as 

lacking in their community involvement efforts, additional community involvement efforts began 

in 2014 when EPA actively attempted to engage the community more than previously, to 

participate in meetings, information gathering, input, and even decision making [28] at these 

Superfund sites.  This policy has proven to be of limited success in improving awareness and self-

directed health decision making as well as education of the public.  The work of research scientists 

in this field expressing critical review of the EPA methods has resulted in a whole new field of 

environmental health termed ‘community engagement’ (CE). This differs from community 

involvement that EPA has attempted.  Additionally, the work of research scientists in this field has 

resulted in many new concepts, terms and research projects. New approaches to Public 

Participatory Scientific Research (PPSR) have been found to result in more accurate findings in 

some cases [29], as well as more comprehensive exploration of issues that were previously 

overlooked by researchers conducting traditional one-way research. 

 

Benefits to community engagement projects 

Because EPA defines community involvement as described above, potential benefits and barriers 

can be explored. With regard to Superfund site work as defined above, there are several benefits 

to the use of Community involvement. As opposed to EPA’s community involvement approach, 

the evolving practice of Community Engagement has been determined to benefit the local 

community, the country as a whole, and even the regulatory agencies such as EPA or ADEQ. 

These potential and real benefits have been reported to accrue in published literature after studies 

and measurements of the CE impact were investigated and measured by acceptable standards 
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found in peer-reviewed literature. These benefits can be categorized into three categories of 

benefits, discussed individually as follows. 

Initially the benefit to a local community would be the expected outcome of CE activities that 

engage that community. In fact, the phenomena have been well established and documented by 

several CE researchers.  One such result was an improvement of trust between the community 

members and the regulatory agency and with the researchers [9]. In a study by Ramirez-Andreotta 

(et. al.) regarding a Superfund site at Dewey-Humboldt, Arizona, community members distrusted 

government agencies, and are consistently advocating for more information and updates from the 

U.S. Environmental Protection Agency (US EPA) regarding the Superfund site [9]. Similarly, 

there was “no love-lost” expressed for government officials or ‘enforcement types’ among the 

local population in Cochise County, where the current study and CE activities took place, as many 

community members expressed a distrust in EPA officials as well as Washington (D.C.) decision 

makers that affect their lives in this rural community. However, as with this study, previous studies 

determined evidence existed of the strengthened relations and trust community members put in the 

researchers who helped them understand as well as the regulatory officials who eventually prove 

they have the local community’s environmental health as their primary interest [100, 9]. 

Another benefit for the local community is the increased environmental health literacy (EHL).  An 

excellent example is found in “Improving Environmental Health Literacy and Justice through 

Environmental Exposure Results” published by Ramirez-Andreotta et al [9].  Ramirez-Andreotta 

describes this as the real and improved ability to make informed decisions regarding participant’s 

health, or that of their family members, based on solid, scientifically-based information and data.  

Ramirez et. al. states, “The strength of this study is that it provides insight into what people learn 
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and gain from such results; communication efforts; what participants want to know; and type of 

additional information participants need to advance their environmental health literacy. This 

information can help improve future report back efforts in advance Environmental Health and 

Justice.” [95, 9]. A community has the likely potential of members learning significant information 

about the extent of contamination that exists near them, what potential health effects may result 

from that contamination, and what their options are for mitigating the potential, detrimental health 

effects by changing their activities, behaviors or even location of residency.    

Benefits to the country or the broader regional community include things such as Environmental 

Justice (EJ), improved transparency of the regulatory process, and shared participation in both 

decision making or law-making, as well as more evenly shared costs. According to Cox and 

Pheadra [6] Environmental Justice is improved in our nation when all taxpayers, and persons living 

in the United States equally share in the cost, burdens, and benefits that were gained by all parties  

when creating and then solving these contamination issues. Benefits are gained by the corporate 

entity and its executives and shareholders. Too often corporations with shareholders benefit from 

the use of land and irresponsible activities and the burden of the cost is often disproportionately 

placed on the lower income members of the  population  who live near to such industrial sites not 

by choice, but because of affordability. Environmental justice is the fair treatment and meaningful 

involvement of all people regardless of race, color, national origin, or income, with respect to the 

development, implementation, and enforcement of environmental laws, regulations, and policies. 

Improved transparency can often result when the public is engaged, involved in, and monitoring 

the activities of the EPA or other regulatory organizations and officials [94, 9, 6]. Transparency 

breeds improved trust [7]. When all parties know that everything they are doing is being observed 
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by others, they often take extra measures to make data and findings as well as decisions available 

to all the other parties [154]. Extra efforts are made to share information.  Collaborative efforts 

often result. Participants, regulators and engineers or consultants have a greater tendency to check 

their work twice for accuracy or any potential mistakes [105].  These regulators often preside over 

sites nationwide and this improvement is extended to other parts of the country.  

Benefits to the regulatory agencies include them enjoying an elevated level of trust in them and 

their activities, learning more about the wants and needs of the communities in which they utilize 

CE activities, and learning more about how to improve their methods, mission and overall effects 

in those communities.    

 In a best-case scenario, improved law-making processes and policies that better represent what 

the public truly wants may result from two-way participation with community input. This is in 

part because the feedback from the community helps law-makers and regulators better 

incorporate the needs of, and overcome the frustrations of, communities across America. 

Consequently, there is often a public comment period when considering new laws and 

regulations.   Community engagement helps improve this two-way communication.   

Well-established benefits of Public Participation Scientific Research (PPSR) have been explored, 

recorded and written about in recent years. The benefits of this process, of which CE is a 

category, will be further discussed and defined in Literature Review and the Results and 

Discussion sections below. The overall concept of PPSR has proven to have many benefits that 

are discussed below.  
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Overcoming barriers of community engagement   

Several potential barriers exist to effective Community Engagement and the benefits that are 

intended to ensue.  For example, it has been well-documented that communities where a 

prevalent mistrust of EPA or other government officials exists, overcoming that mistrust and 

participating in activities offered, to be involved, can be unsuccessful [6], [8], [10]. Baron found 

that minority or low-income communities were least likely to trust government officials [106]. 

Another barrier to successful community engagement is when activities can be too costly of 

difficult for community members. Ramirez (et. al.) cited an example of this with one activity 

offered. It was visiting a laboratory that was running tests on behalf of the community and being 

too far away, (2-3 hour drive) or visiting a physician, the attendance was very low [95, 9].  

Furthermore, in Community-Based Participatory Research, Hacker cites the difficulty of 

maintaining long-lasting relationships when there is a turn-over of both regulatory officials as 

well as community members in a period of years [8]. Finally, another common barrier to 

successful community engagements with meaningful and measurable results, is finding ways to 

interest or motivate participants along with their ability to find and make time with busy 

schedules of work and school [107, 8].  Encouraging participation is commonly an uphill battle 

and as exemplified with medical or medicinal investigational studies, some financial or other 

incentive must be employed.  It is not always easy to readily convey the long-term benefits that 

may or may not result from participation as a true incentive. Usually, that is not enough to gain 

sufficient participation. Therefore, adding additional incentives for participants that cater to their 

specific interests and needs seems to be more effective.  However, it should be noted that some 

people living near Superfund sites are often intrinsically motivated regarding the issues of their 

neighborhoods and community because they live near these sites.   
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Several tools have been developed in the pursuit of overcoming barriers of community 

engagement long-term projects.  The following descriptions details some of the ways employed 

to overcome the common barriers. Many other examples exist but this list is a general summary 

to demonstrate the strategy needed to be a successful CE project.   

One example is the use of beneficial incentives to encourage would-be participants that are 

otherwise on-the-fence and do not see enough incentive or immediate benefit available to garner 

their time required for participation. Offering engagement activities that can benefit the 

community member in more ways than one, and where the benefit is immediately visible, has 

had effective results [108]. This study observes the community of one specific Superfund site 

and initiated Community engagement (CE) activities by offering moderate incentives to get 

engaged in the activities.  For instance, students receiving extra credit or credit for a research 

class worked effectively, well-owners and local residents not on wells receiving free water 

testing with evaluative summaries and personal explanations was also effective.  

Another effective way to overcome the barrier of costs, time or travel is to design the community 

engagement projects such that no or very little travel is required, and to have no cost involved for 

the participant other than time [95]. Perhaps, having transportation vans or pooling available can 

increase the turn out for those where transportation is a barrier. The easier it is for community 

members to participate, the more likely the participation level will be viable for measurements 

[94, 95].  If it necessary for a community member to pay more than their time invested, it is less 

likely to be appealing to them. Overcoming this with the incentive of convenience is one 

effective combat tool.   
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Finally, when the chain of residents, site engineers, and regulatory officials experiences a high 

turn-over, it is essential to connect these with transition meetings or community liaisons who can 

continue the trend regardless of who moves in or out of the community.  When different families 

and participants leave the engagement project, but new viable participants will often continue the 

engagement process if properly transitioned into it [44].  

Measuring impacts of community engagement 

There have been several efforts and attempts at measuring the impact of community 

involvement, community engagement and PPSR over the past two decades [6, 7, 8]. Some have 

had significant success at measuring the impact of the engagement activities while others have 

struggled to be representative of what changed [10].  On occasion, what was described as 

impacted or changed subsequently proved not to be, or conditions returned to the old norms with 

impacts being temporary. 

The challenge all researchers face is figuring out how to describe succinctly and concretely the 

impacts intended for the proposed project. This is challenging for many reasons. By their very 

nature, informal science education projects and experiences are varied and designed to serve 

different audiences. It is a field in which multiple outcomes are the norm, and where learning is 

often the result of combined, interwoven and overlapping experiences (informal, formal and 

every day) [109]. Thus, the focus needs to be about understanding how the experience of 

participating in/or engaging with your project has affected the community and how it contributed 

to fostering, reinforcing and sustaining science interest and understanding. 
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What will be measured in a CE project must be pre-planned and the engagement activities as 

well as the surveys or interviews designed to effectively measure the changes that occur. The 

project should be designed with enough forethought to plan engagement activities offered with 

useful incentives, with a target of specific impact effects in mind, and then a pre-planned method 

of measuring those with metrics that are standard for the research accepted in this field [6]. 

When the project is pre-planned in this way, the outcomes and impacts are more accurately 

measured and can be discussed qualitatively as well as quantitatively [6] as described by Cox 

and Pheadra (pp13-21).    

There are multiple factors weighed and considered by EPA when the decision to add or remove a 

site from the NPL list is taken into consideration and a final decision made. Below is the process: 
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A process to evaluate a site being deleted from the NPL also involves steps that are outlined 

below and considered when all appropriate responses have already been implemented actions: 

Removal Procedure 

• EPA, in conjunction with the State, has determined that responsible or other parties have implemented all appropriate response 
action required. 

• EPA, in consultation with the State, has determined that all appropriate Superfund-financed responses under CERCLA have 
been implemented and that no further response by responsible parties is appropriate. 

• A RI/FS has shown that the release poses no significant threat to public health or the environment and, therefore, remedial 
measures are not appropriate. 

• The Regional Administrator approves a "close out report" that establishes that all appropriate response actions have been 
taken or that no action is required. 

• The Regional Office obtains State concurrence. 

• Since 2008, Headquarters concurs with the deletion prior to publishing in the Federal Register. 

• EPA publishes a notice of intent to delete in the Federal Register and in a major newspaper near the community involved. A 
public comment period is provided. 

• EPA responds to the comments and, if the site continues to warrant deletion, publishes a deletion notice in the Federal 
Register. 
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 [3,4].  Some of these factors and comparison of their weight at the case study site, compared to 

other sites is examined and discussed. A case study of one such site in Southern Arizona that met  

the criteria (of being listed on the NPL) was used for a community engagement effort that was 

conducted  to observe what impact such an initiative would have on the surrounding community 

of this site. Exploring the outcomes of a community engagement project around a Superfund site 

as a case study, was one primary goal of this research project. 

A Goals and objectives 

The project was primarily a community engagement research project with a PPSR approach. 

Under that umbrella, was a novel approach that could be considered for remediation of 

perchlorate.  The public was asked to participate in a way that contributed to the data, data 

collection, and sampling activities. The public participants also directed the study in some ways;  

Engaging the community in or around the Superfund site was the primary focus, with a primary 

goal to engage community members to make some measurable difference. Under this goal, there 

were the objectives of creating a positive set of measurable effects. Those positive effects were 

expected to include  

1. Increase interest in the contamination issues and potential health effects 

2. Increase participation in informative meetings, reading, activities and/or sampling and analysis 
of samples related to the Superfund’s contamination  

3. Increase awareness of the Superfund site’s responsible parties’ activities regarding hazardous / 
toxic materials and their storage and disposal practices. 

4. Increase awareness in Cochise County regarding properties of the contamination site, 
hazardous / toxic materials and their storage and disposal practices. 

5. Increase monitoring and awareness of the groundwater effected by contamination in Cochise 
County to aid in making informed decisions 

6. Making informed decisions about drinking or not drinking water from the ground near the 
vicinity of the contamination 
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7. Behavior modification based on informed ability to change the water a person or his/her 
family is drinking or deciding to change residential location 

8. Becoming involved in, or showing interest in a long-term environmental stewardship / 
protection program  

   

The project was further expanded in different directions including the development of a possible, 

low-cost, remediation technology that could potentially be used to remediate the perchlorate at 

the site.  As a secondary goal, this included an effort at the development of a ‘flow-through’ 

reactor containing Zero Valent Iron which was previously known to reduce chlorinated 

compounds and polyatomic anions but used mainly in permeable reactive barriers (PRB’s). The 

goal included making improvements to the standard ‘single-pass’, ZVI, permeable barrier, 

reactor-system to work efficiently enough to be used as a pump-and-treat reactor on the surface 

of a site. Under this umbrella were the following objectives: 

1. Increased perchlorate reduction resulting from smaller sized particles of ZVI 

2. Increased perchlorate reduction resulting from pre-treating the nano-ZVI with a hydrochloric 
acid wash solution  

3. Increased perchlorate reduction resulting in increased contact exposure or residence time  

4. Increased perchlorate reduction resulting from removing the competing polyatomic anions 
Sulfate and Phosphate by precipitation with complexing barium   

5. Increased perchlorate reduction resulting from the purging of competing DO (dissolved 
oxygen) with helium gas 

6. Increased perchlorate reduction resulting from removal of TOC (organic carbon) 

These improvements were focused on the objective of causing the reduction reaction from 

perchlorate to chloride ions more rapidly and / or more thoroughly (as a higher percentage). The 

two primary goals and the associated objectives comprising them are discussed more thoroughly 
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in Chapter three: Goals and Objectives along with some description of the ways the success of 

these goals and objectives would be measured. 
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Chapter 2.  Literature Review       

 
 
 
  

 

Community engagement 

There is not necessarily one single widely accepted definition of community engagement and the 

meaning can vary in different contexts and in different fields of study. The following are some 

definitions of community engagement mainly in the context of vertical community engagement 

[110], particularly in relation to planning and decision making [12].  Although Moore et al. 

(2016) [111, 118], discuss community engagement as a “key strategy for improving outcomes 

for Australian children and their families” (p. 19) and discuss literature which have quite broad 

definitions of community engagement, they ultimately define it in terms of planning and 

decision-making for the wellbeing of the community [118]. Their definition is as follows: 

A process whereby a service system: 

� proactively seeks out community values, concerns and aspirations; 

� incorporates those values, concerns and aspirations into a decision-making process or 

processes; and 

� establishes an ongoing partnership with the community to ensure that the community’s 

priorities and values continue to shape services and the service system. (p. 7) 
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In the forestry industry, Dare, Schirmer, and Vanclay [122] (2008) describe community 

engagement as: 

A wide range of activities in which stakeholders exchange information and/or negotiate 

mutually acceptable actions. These actions range from providing simple information signs 

on plantation boundaries to establishing multi-stakeholder dialogues that lead to joint 

action on issues such as game management or road funding (p. 2). 

Many local councils also define community engagement in the context of planning and decision 

making. Take for instance Latrobe City (2015) [127]: 

Community engagement is a broad term that covers the interactions between Council, 

Latrobe City communities (which could be towns or other locations or groups of people with 

a common interest or identity) and other stakeholders. Community engagement allows 

community members to actively contribute to Council decisions and actions by creating an 

inclusive environment in which community feedback is embraced, considered and acted 

upon. It serves as a response to increasing community concern about low levels of trust and 

confidence in government and addresses the escalating expectation that all levels of 

government be responsive to the community, accountable for levels of service and spending. 

Community engagement is also about engaging with our community to provide access to a 

greater range of solutions – The collective wisdom of the community can help Council to 

achieve the vision and aspirations of our community. (p. 4)           - [Latrobe City Council]. 

Over the past three decades, CE has evolved in its more standardized methods to track and 

measure the outcomes, effects, and impact that occurs as a result of the engagement activities 

[123,133].  In TOXIC CONTAMINATION AND COMMUNITIES: 

Using an Ecological-Symbolic Perspective to Theorize Response Contingencies Gunter et. al. 

(1999) stated: 

The ecological-symbolic perspective posits that community response to toxic 

contamination is shaped by both the nature of the environmental disruption and the 

interpretive frames through which those disruptions are apprehended. Full utilization of 

this perspective has been hampered by the deterministic underpinnings of the current 

chronic technological disaster model, which presents local conflict as a virtually 

inevitable outcome of these events.  (Gunter, Aronoff, and Joel) [134] 
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Community engagement employed in contamination site communities 

There is a relatively short history of community engagement in and around the communities of 

contaminated sites.  The U.S. Environmental Protection Agency (EPA) has conducted 

community involvement since the beginning of enforcing CERCLA [28]. Congress made public 

involvement in decision-making an important part of the cleanup process when the Superfund 

program was established by the Comprehensive Environmental Response, Compensation, and 

Liability Act; encouraging the role of community involvement in Superfund decision-making 

was strengthened in the Superfund Amendments and Reauthorization Act (SARA) of 1986. The 

National Oil and Hazardous Substances Pollution Contingency Plan (National Contingency Plan, 

or NCP) describes EPA's process for conducting Superfund community involvement [135]. Its 

framework includes the following: 

The Superfund program established the following community involvement policy objectives:  

 Conduct early, frequent and meaningful community involvement.  

 Keep the public well-informed of ongoing and planned activities.  

 Encourage and enable the public to get involved.  

 Listen carefully to what the public is saying.  

 Consider changing planned actions where public comments or concerns are considered by the 
site team.  

 Explain to community members how EPA considered their comments, what the Agency plans 
to do, and why this decision was made.  
 

All invested parties, site owners, regulators, and the community, benefit from well-designed and 

executed Superfund community involvement activities that fully engage the community [28]. 

One definition (below) that EPA has used is found in the EPAs report on Community 

Engagement with Tribal Affairs in 2017 [105].  A tenuous relationship between the Native 



28 

 

 

American Communities and Indian Nations existed with the EPA who declared that the 

contaminated sites on BIA nations were not eligible for Superfund Clean Up actions [83]. 

Community engagement is the process of building relationships with tribal members, 

stakeholders, citizens and interest groups to work side-by-side as long-term partners—

building a coalition of support on a range of integrated waste management policies, programs 

and service issues—with the end goal of protecting the environment and making the 

community a better place to live. It encompasses a wide variety of government–community 

interactions ranging from information sharing to community consultation and, in some 

instances, active participation in government decision-making processes. Engagement can be 

formal or informal, direct or indirect. Effective community engagement allows the government 

to tap into diverse waste management perspectives to improve the quality of its decisions. It 

enables citizens and communities to better understand the processes of the government and 

builds their capacity to participate in deliberative processes by gaining confidence, skills, 

knowledge and experience [148]. 

 

In their Handbook (2014), EPA has a definition of community involvement: 

Superfund community involvement is the term EPA uses to describe the process of engaging 

with communities affected by Superfund sites. Congress made public involvement in 

decision-making an important part of the cleanup process when the Superfund program 

was established by the Comprehensive Environmental Response, Compensation, and 

Liability Act (CERCLA) of 1980. The role of community involvement in Superfund decision-

making was strengthened in the Superfund Amendments and Reauthorization Act (SARA) 

of 1986. The National Oil and Hazardous Substances Pollution Contingency Plan (National 

Contingency Plan, or NCP) describes EPA's process for conducting Superfund community 

involvement. [103] 

 

Another definition is found in their book: Community Engagement Initiative - Compilation of 

EPA’s Activities Encouraging Community Engagement in Superfund Enforcement published 

September of 2014 [29].   
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These two documents, the EPA Community Engagement Handbook [102] and EPA’s 

Community Engagement Policies [103] are the cornerstones of EPA’s current CE program for 

contaminated sites according to Andrea Brenner, Superfund Site Manager for US EPA Region 

IX covering the Apache Powder Superfund Site since 1989 [3].  However, it is evident that EPA 

is behind when compared to current published works of researchers in the field who have been 

publishing about this subject for the past several years. New techniques and information being 

explored verifies the leading edge of this work resides with researchers and not the regulatory 

agencies, referenced in works by Ramirez-Andreotta, Cox, Hacker and Floyd.       

 

 

Historical EPA community engagement efforts 

The EPA works to plan and implement community involvement activities at Superfund sites.  

Through these processes, the desired goal is to consistently implement national policy related to 

these issues.  In brief, community involvement is defined as engaging in conversation and 

collaboration within the community.  Ultimately, the goal of this dialogue with community 

members is to advocate and strengthen the buy-in for Superfund cleanups [102].  This buy-in is 

essential during the early stages and throughout completion.  Some activities are requirements 

which are noted to be mandated by the Comprehensive Emergency Response, Compensation, 

and Liability Act (CERCLA).  Other mandates are part of the Hazardous Substances Pollution 

Contingency Plan (NCP), a regulating blueprint for implementing the Superfund program.  

While this guidance is important, it is not a substitute for CERCLA or NCP.  While these 

requirements are not legally binding, the community where they are enacted may receive benefits 

from these federal, state, tribal, and local decisions such as better prioritization, contracted 

environmental services and guidancee that is based on previous successful managemnt.  In 
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addition to these mandates, there are additional community involvement approaches that are 

decided on a case-by-case basis.  When looking specific sites, decisions may be made based on 

related regulations and statutes.   

 

There are several objectives noted as part of the community involvement policy.  These include 

conducting meaningful community involvement and keeping the public informed of current and 

upcoming activities [87].  By working to get the entire public involved, the public’s voice can be 

hard.  When the community members’ voices are noted, these comments or concerns should be 

listened to and addressed through discussion within the team.  Through these efforts, the EPA 

should make it known what they plan to and how these decisions will impact the area.   

 

When communities participate in the involvement process at Superfund sites, the community 

may have a clearer understanding of the Superfund process, but only when the process is 

accessible and transparent.  Equally important, they are able to express their opinion and feel like 

an active force in the decision-making process.  By working in conjunction with the EPA, the 

community is able to share its vision, a process that builds cohesiveness and unity.   

This process of building community involvement dates back to 1982 when the NCP was revised.  

At this time, EPA expressed the need to listen to and engage with the community.  Nine years 

later, the Office of Solid Waste and Emergency Response (OSWER) issued a directive noting 

that citizen concerns should be addressed as part of Superfund decision-making, specifically 

noting: “it is important that we demonstrate to citizens that they are involved in the decision-

making process” [88]. There were main objectives outlined at that time: 

1. Listen to what community members are saying. 

2. Allocate time to deal with community members’ concerns. 
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3. Alter planned activities to illustrate community members’ merit. 

4. Provide explanations to the community about what the EPA has done and why they have 

done it. 

In 1993, the National Environmental Justice Advisory Council was created with the intent of 

providing advice about environmental concerns.  This evolving process has continued and 

remained a growing area focused on creating environmental justice.   

 

Building a foundation for successful community involvement requires interacting with the 

community in ways that promote trust and dialogue that is constructive, in nature.  This 

involvement should model exceptional teamwork and focus on the needs of the community that’s 

impacted.  There are several overarching issues that must be part of this community involvement, 

including:  communicating risks, assessing environmental justice concerns, addressing 

environmental justice concerns, coordinating with multiple EPA programs, encouraging 

community involvement and input regarding using the land, utilizing traditional and new media 

effectively, planning for sufficient resources, and explain how personal information is shared.   

The community involvement process must be applied and utilized throughout remedial, removal, 

and enforcement processes.  When it is determined that a remedial program is needed, a team 

should work to engage in the community as early in the process as possible.  These steps should 

be to note the type of contamination that has been discovered and the results of the site 

assessment.  As remedial actions are determined, the proposed plan should be shared.  It should 

be noted if these remedial actions will be performed by the EPA, a federal, state, or tribal 

agency, or a potentially responsible party.  There are different phases that will be followed 

throughout the remedial process in coordination with the community involvement and activities.  
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Meanwhile, if removals are necessary is should be expedited to protect the community; flexible 

planning will be necessary to address changing site conditions.  Accounts must be made for 

community involvement which includes discussing how the situation will be assessed and what 

challenges and opportunities are related to the removal [90].  There are different types of 

removals that will need to be addressed within the community; these include emergency 

removal, time-critical removals, and non-time-critical removals.   

 

As part of community involvement, the EPA must work to address opportunities and challenges 

that are associated with conducting this type of involvement.  During the clean-up process at 

enforcement-lead sites, the EPA and other agencies must work together to complete community 

involvement activities.  As part of the EPA’s commitment to successful community relations, a 

customer satisfaction survey is administered following the site teams work.  These surveys are 

used to assess the outreach and engagement activities completed as part of the community 

involvement process [91].   

 

 

EPA’s  “Community Involvement Handbook”   

The Community Involvement Handbook is of specific interest to Superfund site team members, 

remedial project managers, on-scene coordinators, community involvement coordinators, site 

assessment managers, enforcement staff, and risk assessors [102].  Members of the EPA site 

teamwork within federal, state, and tribal agencies.  Anyone looking to plan and conduct 

Superfund community involvement activities will find helpful resources within the pages of The 

Community Involvement Handbook.  The purpose of this handbook is to illustrate the intense 

efforts to engage a discussion within the community.   
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Found within the handbook are useful acronyms and abbreviations.  This is followed by 

information related to the audience and how the Superfund CI Handbook should be used.  Found 

within the handbook, there are six chapters, as well as two appendixes.  The chapters are specific 

in the type of community involvement that will be included.  Readers will find a variety of useful 

information contained within the chapters.  A brief overview of the chapters is shown below: 

Chapter 1:  Community Involvement in the Superfund Process 

Chapter 2:  Building a Foundation for Successful Community Involvement 

Chapter 3:  Community Involvement during the Remedial Process 

Chapter 4:  Community Involvement during the Removal Process 

Chapter 5:  Community Involvement during Enforcement Activities 

Chapter 6:  Community Involvement of Federal Facilities 

 

In addition to the six chapters, readers will find remedial actions and removal actions in the 

Appendix A:  Superfund Community Involvement Requirements.  Meanwhile, Appendix B 

provides additional references related to CERCLA and the NCP [102].  There is also information 

related to Superfund community involvement directives, Environmental Justice and tribal 

consultation documents, community engagement initiatives, and other documents related to 

guidance and policy.  The previously mentioned Customer Satisfaction Survey is also included in 

the handbook.   
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EPA’s  “Community Engagement Policies”   

The community engagement initiative dates back to 2009 when the EPA noted a desire to 

improve community engagement in Superfund and other waste programs [103]. However, most 

critics do not maintain the view that EPA has been successful in their community involvement 

initiative. Initially, an Implementation Plan was released with sixteen actions specified.  There 

are a number of activities that encourage community engagement.  When completing a PRP 

search, information should be solicited.  To let community members know that information is 

being sought, ads may be placed in local newspapers.   Additionally, community members 

should be provided with the agency’s toll-free number.  Using this toll-free number, community 

members can inform about disposal practices [140].  Rather than simply providing the 

information and waiting for community members to respond, there are times that the EPA takes a 

more direct approach to gathering information [29].  For example, civil investigators may canvas 

an area, knocking on doors, and interviewing community members.  This approach allows 

Community Involvement Coordinators to gather information regarding the clean-up process.   

During the clean-up process, a settlement agreement may be included that has provisions related 

to community engagement.  These provisions may require activities such as assisting with 

community involvement efforts and issuing fact sheets that are specific to the site which is 

involved in the settlement negotiations.  Furthermore, the public should be addressed via 

appropriate commenting using an administrative staff.  This administrative staff should be 

available for questions and answers.  In addition, the decree may be obtained showing consent 

for public comment.  As part of this community outreach, the EPA may also explicitly request 

changes to the administrative agreement after certain comments have been obtained.  It may also 

be necessary to have the Community Involvement Plan reviewed by the “Regional Attorney”; 
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this process may be to increase awareness among regional personnel and technical staff.  If the 

activity should include deliverables or documents that are stemming from Superfund 

enforcement available to the public.  This activity may also include taking steps to publicly 

release information about upcoming site activities by agency PRPs.   

In addition to the previously noted activities, there are various other steps that may be 

completed as part of the community engagement initiative; these steps may include [29]: 

1. Make enforcement-related information available. 

2. Meet with the community to discuss ongoing settlement negotiations. 

3. Emphasize that PRP activities require EPA management and approval.   

4. Create a technical assistance plan as part of the settlement provision.   

5. Alert the public of proposed settlements. 

6. Have an attorney review the Community Involvement Plan.   

It has been noted and subsequently observed that community interest and enforcement is needed.  

In the event of noncompliance, CERCLA statutory penalties may be sought.  It is also possible 

that the public’s opinion regarding how to address the noncompliance may be obtained.  At this 

time, the public may request a criminal plea agreement or some other form of civil enforcement 

action.   

 

There are obviously many different types of activities that are part of Superfund enforcement and 

engaging the community.  Many differences exist between the types of Superfund cases, so 

providing an adequate illustration is impossible to do.  Due to the complexity and the way 

communities and cases vary, there is simply no one-size-fits-all approach.  There are far too 

many variables, depending on site specifics.   
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Notable community involvement in cited superfund projects 

There are numerous Superfund Projects that are examples of EPA’s implementation of 

community involvement. Before, during or after these projects, relevant documents and reports 

are often published by the U.S. EPA to establish policies, procedures, report on results, or to put 

a planned strategy in a report format in advance of the work.    

 

Community Involvement is the process of engaging in dialogue and collaborating with 

community members, in order to advocate and strengthen early and meaningful community 

participation during Superfund cleanups. CERCLA and SARA establish Community 

Involvement in Superfund and the National Oil and Hazardous Substances Pollution 

Contingency Plan (National Contingency Plan, or NCP) describes EPA’s process. The 

foundation of Superfund’s Community Involvement program is the belief that the members of 

the community affected by a Superfund site have the right to be informed and involved in EPA’s 

decision-making process. The primary objective is to not only enable, but to encourage, the 

members of an affected community to get involved and participate in the Superfund process. 

EPA’s goal is to provide accurate, timely, accessible, and understandable site-specific 

information to the public. The Community Involvement program strives to maintain a consistent 

community presence, build relationships with the community and local stakeholders, as well as 

local, state, and other federal government agencies [Zinc and glass].  [140] 

 

 

The earlier example citing the policies and strategic plan for community involvement and 

community engagement while dealing with Native American Tribes and the contamination on 
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their lands is also an example of these efforts and documents published by the EPA outlining 

their approach [83].  

        Another example was well defined when EPA published their report titled “North 25th 

Street Glass and Zinc at Clarksburg WV Community Involvement Plan July 2017 by US EPA 

Region Three”. The following flowchart outlines their strategy. 

 

The Superfund program established the following community involvement policy objectives:  

 Conduct early, frequent and meaningful community involvement.  

 Keep the public well-informed of ongoing and planned activities.  

 Encourage and enable the public to get involved.  

 Listen carefully to what the public is saying.  

 Consider changing planned actions where public comments or concerns are considered by the 
site team.  

Source: North 25th Street Glass 

and Zinc Site Clarksberg WV 

Community Involvement Plan July 

2017 by US EPA, Region Three  
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 Explain to community members how EPA considered their comments, what the Agency plans 
to do, and why this decision was made.  
 

Both the Agency and the community benefit from well-designed and executed Superfund 

community involvement activities that fully engage the community. 

These are four examples of community engagement efforts with published reports from EPA 

detailing their CE strategy and its importance to their overall approach with communities that lie 

within or around a Superfund site.  

Developments of community engagement 

The community involvement efforts conducted by the EPA have been judged by some scholars 

and others to have met with limited success.  However, significant developments in the 

approach, understanding, and methods of community-involved activities have evolved the 

practice into what is now commonly termed community engagement.  Because Community 

Engagement is newer and much more “engaging” than the concept of EPA’s community 

involvement, those in the field have added to the purview of the concepts developed in 

community engagement and thus new concepts and terms are part of the field. The most up-to-

date developments over recent years have created important and valuable terminology including 

emerging definitions within the field of Community Engagement.   

Some relevant terms and their definitions that are related to the science of Community 

Engagement have evolved in the last decade and are important in the descriptions of the goals 

and outcomes of this project. Because the terms have evolved in a manner to describe 

characteristics of CE projects and their effect in environmental assessment and remediation 

projects, the evolved definition of these terms are analyzed herewith. These terms are used 
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extensively herein during the descriptions, methods, conclusions, discussion and results of this 

research. Some background and description of the following terms will clarify their use in the 

context of this research.  These include: Environmental Health Literacy (EHL); Environmental 

Justice (EJ); Informal Science Education (ISE); Community Based Participatory Research 

(CBPR); and Public Participatory Scientific Research (PPSR). The definitions and history of 

these terms are described and analyzed here to note their relevance and to define them in the 

context of this work. 

                    

This study is an example of Public Participation Scientific Research (PPSR) where the public is 

an integral part of the study. PPSR has been an evolving field since 1999 as noted by Shirk [10]. 

It is part of the Informal Science Education (ISE) umbrella. The ISE field is large and 

continually evolving. In the broadest sense it encompasses the range of science learning 

opportunities and activities that people experience across their lifespan outside of school. ISE 

can be delivered via numerous venues including lectures, TV programs, films, exhibits, websites, 

digital games, and community projects that are experienced or viewed in homes, science centers 

and museums, zoos and aquariums, botanical gardens and nature centers, and youth, community, 

and after-school centers [6]. Members of the public are increasingly participating in scientific 

research and monitoring in ways that are changing our understanding of research approaches and 

the understanding or answers that emanate from this research [86]. There are relevant examples 

in the following cases: (a) thousands of birdwatchers across North America collect data that are 

combined to reveal trends in bird distributions and behaviors, such as advancing first egg dates 

for nesting tree swallows (Tachycineta bicolor) (Dunn and Winkler 1999).  
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The term PPSR was initially coined by Wrinkler in 1999 [10]. PPSR, in the context of informal 

science education (ISE), can provide multiple opportunities to increase public science literacy [10].  

This CE investigation and study is an example of ISE, and specifically PPSR, and utilized the 

standards of these growing fields to create assessment tools and measuring tools such as surveys 

and interviews. A detailed discussion of the metrics and standards of review are described and 

discussed in the Methods, Literature Review, and Discussion sections following. 

Community Engagement is a key component in enabling the practice of change required to 

achieve desired outcomes. CE participation followed by feedback surveys has the potential to 

assist in the measurement of: a) community engagement by regional bodies or groups; and b) 

participation of stakeholders in the engagement process for the purpose of collecting the 

information required to determine the effectiveness of community engagement for practice and 

change [144]. 

One of the benefits of measuring community engagement effects is that it allows an assessment 

of the performance of community engagement in relation to the planning and delivery of 

environmental assessment and remediation programs. The information provided through the 

assessment also allows the identification of opportunities through which community engagement 

may be enhanced and improved.  While the tool below describes the broad logic of community 

engagement and relevant measures, the intention and suitable measures of community 

engagement for fostering/influencing practice change are highly influenced by local issues, 

projects and history [85]. The measures, therefore, need to be specifically tailored for each 

situation. 
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There are many methods for collecting information on community engagement and participation, 

and again, the choice of methods for use will be context-specific. In choosing methods, 

researchers consider the purpose of collection (i.e. which should be aligned with the purpose of 

the review), resourcing implications (time, cost, staff availability) and the skills required [86]. A 

multi-method approach helps address the limitations of individual methods. An organization may 

wish to collect the information themselves or outsource this activity [85]. Some example 

methods include interviews and/or focus groups - with regional body staff and/or regional 

community stakeholders. A whole range of interview techniques could be used. If quantifying 

information, Fenton 2008 suggests a Likert scale measuring strength of respondent agreement. 

The Likert scale was used in the survey questions of this survey (see Appendix A) 

The following table provides example measures that can be used to assess the performance of 

community engagement for practice change broadly, as described by the logic above [82]. As for 

the logic, measuring community engagement as specifically articulated in the community 

engagement objectives and outcomes of an organization or its programs or projects would 

require the measures to be tailored to the specific purpose of engagement [104]. The broad 

measures provided, however, are a good starting point for developing tailored measures. This 

table is from Framework for Evaluating Impacts of Informal Science Education Projects, A 

Report from a National Science Foundation Workshop with multiple authors [145].  As seen 

below Awareness, Interest, Behavior, Skills, and Attitude are likely outcomes that are impacted. 

In this investigation, the Likert scale survey targeted all these categories except skills.  However, 

students learned valuable skills in sampling and analyzing various samples while other local 

residents developed the skills such as proper use of water test kits. 
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The five categories are widely recognized as the primary categories of CE impact.  Measuring 

and characterizing the effects in these categories can be both qualitative as well as quantitative.  

The Likert scale permits the quantifiable assessments with averages, medians, and other 

statistical analysis tools such as standard deviation, all which have specific meanings and are 

interpreted later in this discussion. These models and statistical analysis outcomes are norms that 

have been developed within the field which have been interpreted to be representative of certain 

types of changes that have proven reliable for previous studies where the effects of the 

community engagement were measured using surveys with the Likert scale. 
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There have been multiple ways in which researchers have attempted to measured or characterize 

a successful CE project in the past two decades. A list of many of the indicators researchers 

targeted is compiled below with varying levels of success, have attempted to accurately represent 

the effect and impact of the community engagement process and its design.  

■ Inclusiveness of project decision-making  

■ Extent to which important project planning and investment decisions are adequately informed 

by different sectors, stakeholders, and interest groups  

■ Decision-making process. Community-engaged in project decision-making and delivery 

Quality of process:  

■ Level of trust between the regional body and stakeholder groups in the engagement process  

■ Level of transparency in the engagement and decision-making processes between stakeholder 

groups and the regional body  

■ Willingness of the regional body to be inclusive in the engagement process  

■ Level of cooperation amongst stakeholders, landholders and community in the engagement 

process  

■ Level of ongoing commitment by the regional body to maintaining relationships with 

stakeholders, landholders and the community Scale and effectiveness of engagement:  

■ Level of participation by stakeholders, landholders and the community in community 

engagement activities  

■ Appropriateness of diversity of stakeholder groups involved in regional body activities  

■ Effectiveness of the regional body in actively engaging important regional stakeholders who 

have had limited, if any, previous involvement with the regional body 

 ■ Effectiveness of the engagement process in contributing to regional decision making. 

Community knowledge of the regional NRM processes:  

■ Level of stakeholder knowledge and understanding of regional NRM processes and programs, 

including plan development, investment strategies, implementation and on-ground activities.  

■ Learning and development activities to be undertaken by the regional body to support 

community engagement. 
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Community engagement/involvement in research projects   

Yuan, Park, Seifer, and Payne-Sturges (2015) discuss the importance of institutional researchers 

and communities working together [104].  These partnerships are powerful in bringing real-

world concerns to the forefront.  Yuan, et. al. (2015) note that “Community-engaged research is 

commonly described as a continuum of engagement in research activities” (p. 44). Research 

related to community engagement by the EPA is reported to the National Environmental Justice 

Advisory Council [81].  The National Center for Environmental Research (NCER) is a research 

program and an extramural extension of the EPA.  In conjunction with the EPA’s work with the 

NCER, further studies are being explored to expand work with STAR (Science to Achieve 

Results).  In 2013, over $29 million was awarded to 91 recipients through STAR.   

Yuan, et. al. (2015) explored how the extramural research program has impacted the EPA’s 

community engagement.  The study assessed the NCER’s funding from 1997 to 2013.  There 

were a total of 317 Requests for Applications (RFAs), but 106 of these were excluded since they 

did not relate to the STAR program [82].  A total of 211 RFAs were analyzed to determine how 

and if community engagement concepts were included.  A key word search was used to narrow 

the 211 RFAs down to 33 RFAs that had used some combination of the following words: 

“community engagement, community involvement, community participation, and community-

based participatory research” (Yuan, et. al., 2015, p. e45).  After determining that 33 out of 317 

RFAs would be carefully examined, they were looked at using six different dimensions, 

including: outreach, consult, involve, shared/leadership/ participatory, and community-driven 

[83].   
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Several RFA’s referenced community based participatory research which is different from CE or 

CI.  It was determined that the community-based participatory research (CBPR) required the use 

of data-sharing plans and external advisory committees.  The most frequently discussed level of 

community engagement was community participation at sixty-four percent; most RFAs showed 

that community engagement was a mandatory component [84].  Additional analysis revealed the 

following data:  four percent of the RFAs defined community; thirty-three percent of the RFAs 

defined, modeled, or provided a framework for community engagement; thirty percent of the 

RFAs discussed community engagement that was the product of research; ninety-one percent of 

the RFAs discussed the strategy that would be used to promote community engagement; seventy-

percent or twenty three of the RFAs included peer review criteria for proposed community 

engagement activities; thirty-three percent of the RFAs discussed CBPR.  The results of this 

evaluation demonstrated that “the inclusion of different stakeholders that represent various and 

possibly conflicting interests can have significant complications for the design and 

implementation of the research project….” (Yuen, 2015, p49).   

 

 

 Overview of community engagement concepts  

The field of community engagement research has grown extensively since 1999 [100-104].  For 

community involvement to become a meaningful and sustainable aspect of local policy making, an 

appropriate infrastructure needs to be developed to ensure that the decision-making process is transparent 

and accountable and that the input from citizens genuinely informs decision-making [10]. In summary, 

although the U.S. Environmental Protection Agency (EPA) has been a proponent of community 
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engagement and community involvement since the enactment of CERCLA in 1980, activities and 

engagement was limited and based on antiquated theory [148, 149]. 

 

 In more recent years, there’s been more of a push to establish policies and provide a handbook 

for community engagement at contaminated sites that need remediation.  An example of this 

effort is found in EPA’s book: Community Engagement Initiative – A Compilation of EPA’s 

Activities Encouraging Community Engagement in Superfund Enforcement published 

September of 2014 [103].  Another example is the previously cited reference of published 

policies for community engagement (2016) or The Superfund Community Involvement 

Handbook published by EPA.  Although these two documents demonstrate the cornerstone of 

EPA’s current CE program at contaminated sites, it is evident that EPA is learning from 

currently published works of researchers in the field who have been regularly publishing studies 

employing different techniques and results discovered during extensive CE projects. Some 

researchers and institutions have numerous ongoing CE projects within the context of 

contamination in communities and resulted in publishing these studies’ findings each year for the 

past several years.  New techniques and information being explored daily continues to contribute 

to this body of knowledge and verifies the leading edge of this work continues to expand and 

teach us more about the impacts and effects of CE as well as demonstrating the most effective 

techniques to use.     

The relevant terms and their definitions that are related to the science of Community 

Engagement and which are used in this dissertation describe the impact and the effects observed 

with attempts to measure them quantitatively and qualitatively. These terms are relevant and 

important in the descriptions of the “Goals and Objectives” section of this project as well as the 
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“Results and Discussion” sections. These terms have evolved in a manner to describe 

characteristics of CE projects and their effect in investigating, conducting environmental 

assessments and feasibility studies, and remediation projects. Therefore, the evolved definition of 

these terms is explored closely. These terms are used extensively herein during various 

discussions, descriptions, methods cited, and results of this research. Some background and 

description of the following terms will clarify their use in the context of this research.  These 

include: Citizen Science Projects, Environmental Health Literacy (EHL); Environmental Justice 

(EJ); Informal Science Education (ISE); Community Based Participatory Research (CBPR); and 

Public Participatory Scientific Research (PPSR)  

1. Environmental Health Literacy (EHL) 

Recently, much attention has been given to the emerging and evolving field of Environmental 

Health Literacy (EHL), a concept that bridges shared theories from the fields of risk 

communication, environmental health science, behavioral science, evaluation, communications, 

public health, and the social sciences [150]. The improvement of environmental health literacy 

has become an increasingly, dynamic phenomenon the last few years [92- 96]. The Society for 

Public Health Education defines EHL as the ability to “integrate concepts from both 

environmental literacy and health literacy to develop the wide range of skills and competencies 

to seek out, comprehend, evaluate, and use environmental health information to make informed 

choices, reduce health risks, improve quality of life and protect the environment” [147]. More 

recent and perhaps more relevant characterizations include: 

The Society for Public Health Education (SOPHE) defined EHL as “the wide range of skills and 

competencies that people need to seek out, comprehend, evaluate, and use environmental health 

information to make informed choices, reduce health risks, improve quality of life and protect the 

environment” [156] 
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Fundamentally, environmental health literacy (EHL) begins with an understanding of the link between 

environmental exposures and health. EHL has recently coalesced as a new subdiscipline combining key 

principles and procedural elements from the fields of health literacy, risk communication, environmental 

health sciences (EHS), communications research, and safety culture (Biocca 2004; Chinn 2011; Edwards 

et al. 2013; Fitzpatrick-Lewis et al. 2010; Nicholson 2000). Each of these disciplines has contributed 

unique frameworks and perspectives to the development of EHL as a distinct subfield and is likely to 

continue to inform the evolution of EHL [155] 

 

As this concept continues to evolve, Environmental Health Literacy (EHL) is responsible for 

creating connections between different fields including environmental health science, risk 

communication, behavioral science, communications, public health, evaluation, and social 

sciences.  However, the process of acquiring more environmental health requires making people 

more aware of different types of literacy including environmental, scientific, and numeracy 

[151].  By aiding the general population in understanding potential impacts, efforts can be made 

to decrease the extensive adversities that can develop.  For nearly fifteen years, NIEHS has 

worked to generate and support the advancement, translation, and communication of 

environmental health research findings to raise people’s understanding as to how environmental 

exposures and human health correlate.  By building awareness, people see the need to act on this 

information.  The NIEHS has programs that align with positive progression towards developing 

communication strategies, information materials, and environmental health messages; 

meanwhile, further work is needed to examine the impact of these programs and to understand 

what translates to positive environmental health messages and other environmental literacies 

[152].  Since EHL is a relatively new field, the development is still premature with evaluation 

needed to better assess the utilized approaches and related effectiveness.   

By developing skills and competencies that people need to seek out environmental health and 

health literacy, EHL is aiding citizens in reducing their health risks, improving their quality of 

life, protecting the environment, and making informed choices.  The initial definition of EHL has 
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evolved since its debut in 2008 with a baseline definition emphasizing an underlying issue that 

shows how environmental exposures impact human health.  There will clearly be a hierarchy of 

increasing literacy as the concept of EHL further evolves [93].  An indication of its 

interrelatedness with other disciplinary perspectives will aid in the application, the aid, and the 

intended audience for EHL [92].   

While EHL is a relatively new term, there are symbols of it dating back to ancient cultures when 

tribal and state affiliations were observed on the battlefield [93].  There are more recent 

examples that show danger as it relates to environmental presence with skulls and crossbones 

and other symbols that have been used to scream ‘danger’ or ‘stay away’.  World War II was a 

major progression in the acknowledgment of environmentally toxic situations with the 

acknowledgment of how toxic chemicals pose an imminent danger.  Further progression was 

made in the 1950s when nuclear energy was noted to be a major threat.  By using these symbolic 

representations, literacy is being used to convey the extensiveness of hazards [31, 84].  Different 

cultures will perceive these representations with differing intensities; nonetheless, there are 

varying symbols becoming more universal as part of EHL.  An examination of articles relating to 

EHL show that it debuted as health literacy but is much more than that.  It was a step towards 

moving to improve health outcomes and treatment adherence with the focus on preventing 

diseases induced by the environment.  Affected communities and the public health’s recognition 

of EHL research has further indicated environmental risks.  Reports show that it is imperative to 

move EHL beyond health care settings and healthcare systems.  There is a need to spread EHL 

throughout communities to reach individuals [81].   
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As EHL becomes more developed, the general public’s perceptions are shifting too.  There is 

growing interest in bioethics because of technological and scientific advancements which are 

making the public more interested.  Political affiliates are also becoming more interested in EHL 

with the acknowledgment that indigenous, minority and low-income persons may be further 

exposed to environmental hazards.  Furthermore, technological developments and scientific 

developments are showing increased communication modes that rely on the need to be literate; 

when men and women are unable to read, their ability to understand EHL is greatly deterred.  

For EHL to reach persons who may not be literate, it is important to advance exposure using 

other mediums.   It is imperative that visual representations of different risks are conveyed using 

modalities that are not contingent on written form [31].   

While the roots of EHL can be traced back to manmade technological disasters that caused large-

scale environmental pollution, there is a social context that underlies EHL’s development.  

Addressing and truly understanding the public’s understanding and misunderstanding of 

environmental risks must be made [81].  By seeing how the public interprets books, television, 

and films, one can see how EHL needs to be expanded or modified to correct misconceived 

beliefs about the results of cinematic portrayals or some other inaccurate representation [81, 82].   

The EHL creates, synthesizes, and combines different tools and methodologies from previously 

existing fields to complete research related to education, risk communication, and health literacy.  

There is a need to embrace EHL as an emerging process with critical reflection which was 

originally proposed as one of the phases of learning and processing that reflect the evolutionary 

nature of health literacy.  By applying Bloom’s Taxonomy, it is believed that EHL can be more 

applicable to all persons [93, 94].   
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At this point, EHL is a research topic that shows the need to see how the EHL is amenable to 

further raise awareness and improve health outcomes.  It is also important to see the relationship 

between EHL and a community’s ability to deal with challenging conditions.  Clearly, risk 

messaging is imperative to EHL; nonetheless, there is the need to see if the EHL leads to 

behavioral changes that prevent, reduce, or mitigate environmental risk factors.   

2. Community-Based Participatory Research (CBPR)   

WK Kellogg Foundation Community Health Scholars Program notes that “community-based 

participatory research is a collaborative approach to research that equitably involves all partners 

in the research process and recognizes the unique strengths that each brings [10, 8].  CBPR 

begins with a research topic of importance to the community, has the aim of combining 

knowledge with action, and proposes achieving social change to improve health outcomes and 

eliminate health disparities” [117].  In recent years, multiple researchers, funding agencies, and 

national organizations have realized the need to use economic, political, and social systems to 

improve health behaviors and outcomes.  There are many factors that have led to this 

acknowledgment, including the recognition that there are many complex issues impact people’s 

health.  It is necessary to use different research techniques including basic, interventional, and 

applied research to create practice and policy changes.  This has led to the development of using 

communities to collect research that shows how people understand different situations and 

hazards.  These participatory models of research are being used within various research centers. 

The differences between the traditional one-sided research approach versus CBPR are notable 

and important to understand. For many years, researchers were observers of phenomena and 

effects of stimulation that either they initiated, or that was occurring naturally. The amount of 
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interaction was minimal if it existed at all. The concept of a two-way interaction model with the 

subjects participating in the research was not the norm.   

Research projects evolving into the participants engaging so much that they become the 

researchers and lay scientists, while providing feedback and data has been an unexpected 

evolution with unexpected results that can be profoundly more meaningful because of the 

feedback loop creating new insights to the research being conducted.. PPSR is also a rapidly 

expanding and improving concept in utilizing the public’s participate onto discover new science 

while utilizing the public’s input, behaviors, feedback and engagement.                                            

 

PPSR efforts have emerged from a variety of social and academic fields, ranging from 

participatory action research in the fields of development studies (Chambers 1994) [118] and 

public health (Cashman et al. 2008) [119] to citizen science projects with a long history of 

ornithology and astronomy research (Droege 2007, Bonney 2008, Raddick et al. 2009) [120] to 

water quality monitoring (Firehock and West 1995, Ely 2002, Wilderman 2005) [121] and 

community-based natural resource management (Guijt 2007, Fernandez-Gimenez et al. 2008, 

Wilmsen et al.2008b) [10] (Shirk). 

  

Lawrence (2006) suggests that the normative assumptions of these typologies (e.g., that more 

power is transformative and less power is exploitative) do not necessarily reflect individuals’ 

experiences in voluntary biological monitoring contexts. In fact, individuals and communities 

should not be assumed to have an interest in—or be advantaged by—a greater degree of control 

over a given research process or agenda (Saldivar- Tanaka and Krasny 2004, Cornwall 2008) and 

Shirk et al. 
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3. Informal Science Education (ISE) 

Every day, human beings encounter information, assess data and make observations as well as 

conclusions. There are many ways people learn simply by going through their daily routine; 

when people learn about science as part of their daily routine, this is called informal science 

education (ISE) [123].  People do not just learn when they are part of their formal schooling. We 

learn continually as we take information in and assess it while drawing conclusions. Acquiring 

knowledge about science, technology, engineering, and math (STEM) is part of a larger 

ecosystem of science.  There are various settings and learning experiences being designed, 

implemented, and assessed within communities.  Dedicated, trained practitioners are promoting 

the process of informational science education that is available via media outlets, science centers, 

museums, zoos, aquariums, botanical gardens, and nature centers. There are other ways people 

can acquire ISE, which occurs via gaming or other cyber-learning mediums.  Still yet, when 

people attend public science events that may be part of youth outreaches, community programs, 

or out-of-school programs, ISE is occurring.  In brief, informal STEM education is supported by 

the research from several evaluator studies that inform about the process of learning research and 

practicing while gaining a certain wisdom.  The Center for Advancement of Informal Science 

Education (CAISE) supports ISE by providing web infrastructure and resources for persons 

working within the field.   

The ISE approach supports and connects STEM within the learning environments.  The National 

Science Foundation in conjunction with other private and public funders is responsible for the 

collection of resources that are used as part of ISE.  By continuing to look at how peer-reviewed 
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educational research, research briefs, presentations, and conference proceedings, more 

understanding can be attained about ISE.  People can acquire ISE through field trips, integrating 

arts and humanities, public engagement, making and tinkering programs, adult informal science 

programs, and providing reasons for persons to explore their interest in science learning and 

possible science-related careers [128].  Ultimately, culturally relevant experiences in ISE are 

critical to such developments.  This has become a “portal” for learning in a new way not really 

defined decades ago. 

 

4. Environmental Justice (EJ) 

The fair treatment and meaningful involvement of all persons regardless of race, color, national 

origin or socioeconomic status is known as environmental justice [6].  Often in public, 

underserved populations as well as those who are in minority groups, or living in impoverished 

conditions are the victims of environmental offenses or contamination events while not 

benefitting in any way as the corporations or responsible parties were able to.  The development, 

implementation, regulations, policies, and enforcement of such regulations is required for 

environmental justice so that specific underprivileged groups are not victimized or more heavily 

burdened by these contamination issues.  Environmental justice is a goal of the EPA for all 

people in communities across the nation.  This goal will not be achieved until everyone has the 

same level of protection from health and environmental hazards.  For environmental justice to 

occur there must also be equal access to the decision-making process to exist in a healthy 

environment where they can live, learn, and work.  Dr. Robert Bullard notes why the need for 

environmental justice exists and is very real: “Whether by conscious design or institutional 
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neglect, communities of color in urban ghettos, in rural ‘poverty pockets’ or on economically 

impoverished Native American reservations face some of the worst environmental devastation in 

the nation.”  [83].  This concept is relevant since Cochise County, and especially the Benson-

Saint David area is among the lowest income levels among all Arizona counties and then within 

cities or towns inside Cochise County and that is where this CE study project and effort was 

conducted. 

 

  

5. ‘Report-Back’ methods and discoveries 

The process of reporting back test results or other data that are pertinent to the participants’ 

health, drinking water or environment is referred to as “Report Back”.  In the  Iron King Mine 

Community Engagement study, Ramirez (et. al) state that the effect of the report back process 

was increased environmental health literacy as well increased making of health-related decisions 

of a higher level while participants were much more informed [94]. 

How the literature can be enhanced with this engagement study 

There are still many unexplored “branches” and concepts in the specific arena of Community 

Engagement as a subcategory of ISE (Informal Science Education) and has followed patterns of 

“Citizen Science” standards. Informal Science Education has been going on since before formal 

education. However, the CE specific subcategory of Informal Science Education is relatively 

new. It has largely formed its directions since the new millennium. The field of community 

engagement with regard to environmental assessment or contamination projects has sprawled 

into many new areas creating many new terms and subcategories of CE. As a very immature 

field of study, there are many gaps that still need to be concretely defined and answers 
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researched, under a wide array of disciplines and new concepts.  However, there have been a 

number of community engagement projects in and around contaminated sites involving 

community members being informed, educated, and engaged in different ways. In 2013 and 2014 

studies involving the report back efforts of researchers to let participants know what their blood, 

urine or drinking water test results reveal have proven effective and shown that this process is 

essential to effective PPSR, ISE and CE projects when test results affect the community, their 

health or that of their families’ [93].    

 Shirk outlines how PPSR project design relates to project outcomes, drawing on work from 

varied fields of practice. We bring together previously conducted, convergent case studies 

and synthetic work in conservation management, informal science education, community-based 

forestry, and volunteer monitoring to describe three predominant programmatic models and their 

potential outcomes.  The environment is considered a natural resource whether referring to the 

drinking water, soil or air.  In “Measuring Stakeholder Perspectives on Environmental and 

Community Stability in a Tourism-Dependent Economy” by  Liam M. Carri  and Daniel Y. Liu, 

it is stated that “for as long as societies have depended upon natural resources for food, 

livelihood, existence and cultural expression and identification, there have been conflicts arising 

from who have rights of access and use of the resource (Alston et al. 2000). Conflict over natural 

resources shapes society's political fabric (Collier & Hoeffler 2005), influencing day-to-day 

activities and demands (Schnaiberg & Gould 2000), as well as long-term well-being (Frank et 

al. 2000). The more geographically, socio-economically and ecologically limited the resource 

base becomes, the greater the challenge in managing it sustainably and equitably. This includes 

explicit geopolitical tensions, social conflicts and regulatory frameworks that limit access and 

use for certain groups of people or economic interests (Klare 2001). 
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Review of nano-ZVI reduction work  

A literature review reveals that with significant contact time (or retention time), and a low level 

of contamination (no more than approximately 1000 ppm), ZVI had been proven effective at 

decreasing the concentration of chlorinated compounds and anions [11]. However, at high 

concentration, or if the contact time is minimal (from high flow rate), this reduction method is 

relatively ineffective at chemically reducing more than 50 percent of the contaminant [12].  In 

the current study the reactor work was focused on improving upon previous designs and 

determining a way to enhance the possible use of ZVI in a column reactor system for “pump-

and-treat” technology on the surface of a site versus the typical application of ZVI in a 

permeable reactive barrier.  

It is well established that there are several mechanisms, including both biological and chemical, 

that result in dehalogenation of some classes of organic contaminants as well as halogenated 

salts, often rendering them less toxic to human health [56]. Bioremediation is not a focus of this 

research. However, from a biological (bioremediation) perspective, there has been some success 

in the reduction of chlorinated compounds and polyatomic anions. These mechanisms include 

the following: stimulation of metabolic sequences through introduction of electron donor and 

acceptor combinations [53]; addition of nutrients to satisfy the requirements of dehalogenating 

microorganisms [43]; the use of engineered micro-organisms; as well as the use of enzyme 

systems capable of catalyzing reductive dehalogenation.  

The current state of the use of reductive dehalogenation by chemical means is discussed along 

with possible technological applications of relevant processes and mechanisms to the 

remediation of soil and groundwater contaminated with chlorinated organics [34-55]. As a 
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conclusion, an overview of the research gap or needs is suggested which included work 

performed at the Apache Powder NPL or Superfund Site.  

Since this project explores the possibility of ZVI being utilized for reductive dichlorination, 

review of literature showing several classes of halogenated contaminants is relevant. This 

includes polychlorinated biphenyls, halogenated aliphatics, as well as halogenated salts like 

perchlorate. Successful development of new parameters by optimizing certain variables is the 

focus of the reactor work based on literature research indicating where improvements may be 

viable. It has been determined that a packed column in laboratory tests or permeable barrier 

containing ZVI in field tests can convert a PCB into non-halogenated, aromatic compounds. 

Similarr experiments have shown that soluble chlorinated solid compounds can be de-chlorinated 

using ZVI [16, 18, 20]. The literature reveals how ZVI technologies have been used, and from 

this point it can be determined what new applications are potentially viable and may be 

developed, in particular, for on-site applications where pumping of water to the surface and then 

treating in place followed by reinjecting the treated water.    

Iron and other reductive metals have been used extensively for some time as an effective means 

for reducing halogenated contaminants [15, 18, 22]. This provided for contaminated groundwater 

in the ppb level to effectively have the chlorinated compound reduced over weeks months or 

even years of contact with the permeable barrier of fine iron particles [27, 66]. This process 

proved effective when groundwater flow was slow enough, and the contamination level was low 

enough [13]. Although there may be favorable thermodynamics to cause the reaction, kinetics 

required extensive and lengthy contact times [13, 16]. This is acceptable for slow-moving 

groundwater that often advances no more than a couple feet per year. As a part of this 

dissertation, specific variables were identified that could potentially be manipulated and 
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optimized to operate a field scale reactor at 2 gpm and calculated its practicality for upscaling it 

one hundred times greater volume or 200 gpm.   

The goal was to determine whether a packed column reactor containing ZVI would be able to 

convert the perchlorate into chloride ions and if any polyatomic, chlorinated, anionic salt could 

be pumped through a column to be de-chlorinated. In order to make these determinations the 

literature revealed how ZVI has been used, so that potential improvements to the process in 

terms of rate and percent conversion could be identified. The potential of using the process for 

different reduction applications was also part of the literature review process. Improving 

conditions of a currently used and known reactor process requires a close examination of 

previous success and limitations found in the literature.  

 

 1 - Reduction of halogen anions or compounds utilizing metallic reductants 

 In 2012 Yoshiharu Mitoma, (et. al.) in Environmental Science Technology [59] showed 

dehalogenation of aromatic halides using metallic calcium in ethanol at room temperature. The 

cleavage of the carbon−chlorine bond on the aromatic ring bearing electron-donating group was 

difficult compared to the one bearing electron-withdrawing group. This method was applied to 

the dechlorination of polychlorinated biphenyls (PCBs) in transformer oil. It was also found that 

the dechlorination took place easily under mild conditions. The existence of PCBs residue in the 

reaction at room temperature was less than 0.04% according to the GC-MS analysis. The 

chlorine was identified as calcium chloride. 

In U.S. Patent 5,534,124 (Rundhaug) an effective electrochemical reduction of PCB’s and other 

liquid halogenated organic compounds was presented utilizing an electrical stimulant and 
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metallic salts [56].  Additionally, reducing halogenated hydrocarbons with platinum or palladium 

catalysts on the surface of a membrane where contact was made along with dissolved hydrogen 

gas or another proton donor, proved an effective way to dehalogenate PCE, PCA, TCE, TCA, 

DCE and Chloroform [79]. These compounds were all instantly reduced to ethane or methane 

except for trace detectable levels of the breakdown intermediaries (in the lab of Dr. Robert 

Arnold, University of Arizona, Department of Chemical and Environmental Engineering) [80].  

Hydrogen gas was supplied to the cathode side of a hydrogen fuel cell where it was dissolved 

into a wet surface on the membrane coated with a platinum catalyst for the reaction. However, 

these were for vaporous forms of the halogenated compounds such as would be removed from a 

landfill or VES (vapor extraction system) and the previous patent was a system designed for pure 

liquid halogenated contaminants as hazardous wastes. A method to use a more cost-effective 

reductant such as iron that could deal with the presence of a contaminant in groundwater was 

required.      

 2 - ZVI used for permeable reactive barriers 

The use of zero-valent metals for environmental applications was first described in the literature 

in 1972 by Sweeny & Fischer [62]. Years later, the observed disappearance of trichloroethene 

(TCE) in metal probes was a starting point for a more detailed study on the use of zero-valent 

metals (mainly Fe at a zero (0) valent state) for the remediation of groundwater contaminated 

with VOCl. (Gillham & O’Hannesin, 1994; Gillham et al., 1998; Tratnyek et al., 2003) [11,12, 

13]. Granular (bi)metallic materials (> 50 μm), such as, for instance, granular zero-valent iron 

(ZVI), have been studied for years for the in-situ removal of VOCl from groundwater in PRBs. 

(Bastiaens et al.) [66]. The following information on the uses, production, and commercial 
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availability of ZVI has been quoted with permission from  Remediation Techniques for 

Environmental Engineers by Zhang et al (1999).  

For several years now there has been a special interest in finer (bi)metallic materials, such as 

micro-scale (Cantrell & Kaplan, 1997; Choe et al. 2000) [67, 24] and nano-scale (bi)metallic 

particles (Wang & Zhang, 1997; Ponder et al., 2000; Lien & Zhang, 1999, 2001; Li et al., 2003; 

Zhang, 2004) . Due to their high specific surface, these materials are more reactive than granular 

materials, and due to their small particle-size, they can be used in more diverse applications. The 

high reactivity of these materials makes it possible to remove a wide range of pollutants from the 

groundwater.  Moreover, it is possible to apply the material via injection at a great depth. 

Modified nano-scale zero-valent iron (nZVI), concretely emulsified nano-scale zero-valent iron 

(EZVI), even makes it possible, in theory, to treat free phase (DNAPL). The injection of 

nanoscale and micro-scale zero-valent iron (mZVI) constitutes the basis of a new generation of 

in situ remediation techniques for the treatment of soil contamination with VOC’s. The 

commercial viability of any technology is largely dependent on the feasibility of obtaining 

materials at a cost-effective price, and their availability to environmental remediation companies 

and contractors.   Size of particles has proven an important feature as the smaller particles are 

able to improve surface area and therefore create a marked improvement in the traditional rate of 

ZVI reduction. In this research size is only one factor considered in the improvement process that 

is developed but it is an important one. This is one factor that the engineer, consultant or 

remediation contractor cannot manipulate himself since grinding iron to finer powder would be 

cost and process prohibitive for the groups listed above.  If the commercial availability of fine 

iron powders is too limited or non-existent, that particular improvement is one factor out of five 

that cannot be explored and would be a frivolous exercise.  
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Fine Iron Powder from Shijiazhuang Ligong Machinery Co., Ltd 
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 3 - Size is a factor: “Micro” and “Nano” scale zero-valent iron    

Logical deduction from historical chemical and material science studies leads to the conclusion 

that finer particles provide more surface area and thus likely more reactivity from reaction site 

area. Fine ZVI materials can be subdivided into different categories based on particle size. An 

additional    subdivision can be made based on the composition of the particles (metallic, 

bimetallic), surface modifications    and the solution medium or carrier material (supported, 

emulsion).        Micro-scale zero-valent iron (mZVI) and Nano-scale zero-valent iron (nZVI) are the 

common terms used for 1-micron particles size or below 0.1 microns respectively. 

Micro-scale (bi)metallic particles are, strictly speaking, particles with a diameter greater than 

1µm. Nano-scale zero-valent iron particles are, strictly speaking, (bi)metallic particles with a 

diameter smaller than 100 nm. In certain cases, colloïdal particles (1-2μm) are also included with 

nZVI. In this report, nZVI comprises both metallic and (bi)metallic nano-scale particles nZVI 

consists of a mixture of zero-valent iron and iron oxides. More concretely, the following two 

variants can be distinguished: 

 Pure nano-scale zero-valent iron (nZVI) particles mainly consist of zero-valent iron (80-90% 

wt%) and, depending on the producer, have the following specifications: 

 Particle diameter 20-200 nm 

 Specific surface area 20-58 m²/g 

 Reactive nano-scale iron product (RNIP) 

The reactive nano-scale iron product consists of a mixture of 50/50 wt% zero-valent iron and 

magnetite (Fe3O4), in which the magnetite forms the outer shell of the particle. In a study by 

Okinaka et al. (2004) [74], the average particle size is approx. 70 nm and the average specific 

surface area 28.8 m²/g. The larger specific surface area and the higher zero-valent iron content of 
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nZVI are responsible for a higher degradation rate of VOCl (~dechlorination) than that observed 

for RNIP. However, the outer magnetite shell of RNIP slows down reaction with water (H2 

formation), as a result of which the life of such particles is extended considerably (Liu et al., 

2005) [75]. The limited stability and mobility (see paragraph §3.6 and §3.7) of pure nZVI 

provides the impetus for the development of modified nZVI. 

                                                                                                                                                                    

 4 - Commercial availability of nZVI, mZVI and EZVI                                                                                

No technology is realistic or usable for field applications if a required material is commercially 

unavailable. One such example is using biochar materials for remediation. Large quantities of 

biochar material cannot be readily purchased from any bulk supplier.  The following 

informational reference on the commercial viability, sizes, availability and vendors currently 

making nZVI for use in the commercial marketplace for remediation experts. It was part of 

EPA’s publication titled, “In Situ Chemical Reduction using Zero-Valent Iron injection-A 

technique for the remediation of source zones”.            
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 5 - Modified nZVI, mZVI and EZVI                                                                                                                             

One form of ZVI that has been in use recently and only developed in recent years is CBnZVI or  

‘Catalyzed Bimetallic’ nano-scale particles. Besides the aforementioned ‘classic’ particles, there 

is a growing offer of nano-scale bimetallic particles which, in addition to zero-valent iron or 

another metal, contain a second metallic material. Here, one metal such as Fe or Zn is mainly the 

electron donor, and the other (i.e. Pd, Pt, Ni) is the catalyst in the reaction. Such nanoscale 

bimetallic particles are also sometimes called catalyzed nZVI particles. With catalyzed nZVI 

particles much higher reaction rates can be obtained, with the disadvantage that the life of such 

particles is limited.  Examples of such bimetallic systems proven to be effective are: 

        Fe/Pd, Fe/Ag, Fe/Ni, Fe/Co, Fe/Cu, Zn/Pd (Zhang et al., 2003) [18,69,71] 

        Ag/Pd, Au/Pd (Nutt et al, 2005) 

Fe/Pd particles cause high reaction rates 1 in comparison with pure nZVI. In addition, Pd has a 

high selectivity for the C-Cl bond. However, research by Huang et al. (2009) shows that Ni is a 

cheaper alternative for the expensive Pd. Fe/Ni particles can achieve the complete degradation of 

perchloroethene (PCE) to ethane. Catalyzed nZVI is mostly used in the US (40% of nZVI 

remediation), but has not yet been used in Europe (data for 2010). In Europe, the opinion is held 

that the possible advantages of catalyzed nZVI particles do not outweigh the costs. Pd and Ni are 

hydrogenation catalysts which play an important role in the transfer of H2. Moreover, Pd and Ni 

as transition metals have free electron shells which make it possible to lower the activation 

energy via transition bonds with the p-electron pair or Π-bond of the chlorine atom in 

chlorinated organic components (Huang et al., 2009) [23] compensate for the possible 

disadvantages (higher costs, short life and possible toxicity of the catalyst) (Müller, Nowack, 

2010). 
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 6 - ‘Supported’ nano-scale particles 

‘Supported’ nano-scale particles are nZVI particles that are attached to a non-metallic carrier. 

Ponder et al. (2000) [70] have conducted research on carbon nano-particles onto which nZVI 

particles were attached. The ‘pellets’ obtained have a diameter of 50 to 200 nm and are made 

anionic before they are introduced into the soil. The anionic carrier material is supposed to 

impede the aggregation and sedimentation of the particles, as a result of which the injectability, 

the mobility and hence the spread of the particle are increased. ‘Supported’ nano-scale particles 

with a hydrophilic carrier consisting of polymers, e.g. poly (acrylic acid), have 

also been described (Ponder et al., 2001, Schrick et al., 2004). 

                                                                                                                                                                                                 

 7 - Emulsified nZVI particles (EZVI) 

EZVI has been specifically developed for the treatment of free phases of chlorinated solvents 

(DNAPLs, Dense Non-Aqueous Phase Liquids) (Quinn et al., 2003) [77]. Plant oils and all kinds 

of surfactants can be used to prepare this emulsion. More specifically, this is a surfactant-

stabilized biodegradable emulsion which forms drops with an oil-water membrane around the 

nZVI or mZVI particles in water drops. Emulsions typically have a diameter of approx. 40 µm 

and a specific gravity of approx. 1.1 kg/l (Quinn 2005, O’Hara 2004) [77]. As the emulsion also 

behaves as a DNAPL, it will move through the soil in the same way as the DNAPL to be 

remediated, thus allowing for maximum contact. A graphic representation of this emulsion can 

be found below in Figure 1 used with permission from EPA’s “In Situ Chemical Reduction using 
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Zero-Valent Iron injection-A technique for the remediation of source zones”.                                                                                                                 

 

 

 

 8 - Production and availability of nZVI particles 

Diverse methods for the manufacture and use of different forms of nano ZVI’s have been 

described in the literature. These generally can be divided into two predominant categories. 

The first is production of nano-particles from individual atoms. Wang and Zhang (1997) [69] 

synthesized nano-particles via chemical reduction of Fe3+ via sodium borohydride. More 

specifically, 0.2 M NaBH4 added to FeCl3.2H2O (0.05 M) results in nanoparticles with a 

diameter between 1 nm and 100 nm, an average size of 50 ± 15 nm and a specific surface area of 

10 – 50 m²/g. The method allows for large amounts to be produced, but it is expensive, up to 

$5,000 per kg (Vance et al., 2002). 

 9 - Other ways of producing ZVI 

1. It is also possible to heat iron pentacarbonyl to 200-250 °C. At this temperature, nZVI and 
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carbon monoxide are produced. This method allows one to obtain nano-particles with a diameter 

of 5 nm or less. 

………………………………………………………………………………………… 

2. (bi)metallic materials are produced via reductive precipitation (Zhang et al., 2003). For 

instance, palladium-coated nano-scale iron particles can be obtained by bringing freshly made 

nano-scale iron particles into contact with palladium acetate (1 %W). As a result of reduction, a 

Pd layer will form on the iron material (Wang & Zhang, 1997). Other (bi)metallic materials can 

be obtained in a similar manner (Wang & Zhang, 2000) [69]. 

…………………………………………… 

3. With the micro-emulsion method nano-particles are produced via chemical reduction with 

sodium borohydride. However, these reactions take place in small aqueous environments in an 

oil phase, which allows for the production of nano-materials with a controlled size and shape (Li 

et al., 2003). The materials obtained have an average diameter smaller than 10 nm. 

 

4. Nano-iron particles can also be produced through reduction of goethite by means of heat (up 

to 600 °C) and hydrogen gas. In this process, iron sulfate, sodium carbonate and sodium 

hydroxide are used as base materials to make goethite precursors. By dehydration of these 

goethite precursors, hematite precursors are then produced, which are further reduced with 

hydrogen gas to nano-iron (Uegami et al, 2003). 

 

5.  The ‘sol-gel’ method was mentioned by Li et al. (2003). A gel containing silicon tetra-

ethoxide and a metal component, such as FeCl3, is heated. A glass-metal nano-composite is 
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produced which contains ultra-fine iron particles. Aside from these methods there is also 

electrolysis (Fisher).     Toda RNIP is a crystalline nano-iron which is produced by a reduction of 

FeOOH in the gas phase. This reaction produces particles with an average size of 70 nm and a 

specific surface area of 29 m²/g. These specific nano-particles are coated with polyacrylic acid. 

6.  NANO IRON produces nZVI particles from nano-particles of ferrihydrite ((Fe3+)2O3•0.5H2O) 

In contrast, there is also methods for production of nano-particles through the refinement of 

rougher materials (top-down) 

1. Vance and his co-authors (2002) use a ball mill system to refine a powder of an elemental 

metal (1-10 μm) to a nano-material (100-400 nm) [78]. During this process, a non-aqueous 

organic liquid and a dispersant are added. Via this method materials are produced in amounts up 

to 10 kg. The production of larger amounts would be possible (NAPASAN Project > 300 kg). 

 

 10 - Commercially available nano-scale & micro-scale iron 

The number of producers of NZVI & MZVI and, concretely, those able to deliver large amounts, 

are currently still relatively limited.  Some samples were obtained from the following suppliers 

during this research: 

1. NANO IRON (available from the Czech Republic) 

Czech company specialized in the production of nZVI particles. The particles have an average 

size of 50 nm (between 20 and 100 nm), a specific surface area of 20-25 m²/g and a high zero-

valent iron content of approx. 80/90 wt%. The cost depends on the amount and nature of the 

product and varies between 25 - 65 Euro/kg for the nZVI slurry (20% dm). 

 



70 

 

 

 

2. TODA KOGYO CORP. (Japan)                                                                                          

TODA KOGYO is a Japanese company specialized in the production of nano-scale RNIP 

particles (mainly iron oxides). The products are offered as a powder and as a slurry. The particles 

have an average size of 100 nm and a specific surface area of approx. 23 m²/g. The cost depends 

on the amount and varies between 25-33 Euro/kg (powder). 

 

3. POLYFLON CORP.  (USA, Florida)                                                                                                     

This group is a primary supplier in the U.S. for both commercial and research purposes. The 

offer a large variety of sizes and grades used in PRB applications and research for reduction 

reactions of various types. 

 11 - Reactions and mechanisms of ZVI 

The following hypothetic reaction mechanism is proposed: DNAPL components diffuse from the 

oil layer to the enclosed water phase, where they react with the zero-valent iron. Generated 

degradation products diffuse with increasing concentrations from the enclosed water phase 

through the oil layer to the surrounding water. The oil membrane around the nZVI particles 

offers protection against premature oxidation by oxygen and other components (e.g. inorganic 

material, such as sulfate and nitrate). The reactivity of classic nZVI particles and EZVI particles 

is comparable (Quinn et al., 2005). In the longer term, the oil phase can serve as an electron 

donor in the biological degradation of residual VOC concentrations. 

Zero-valent iron is capable of reducing chlorinated compounds to harmless components, as 

shown in the general reaction formula below [77]. But with regard to reducing perchlorate: 
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“The convention is that if a reaction combined from one or more half reactions of complementary 

electron count has a positive change in reduction potential (AE), then the reaction as written is 

thermodynamically favorable. The Gibbs free energy change for a combination of half-cell reactions at 

25°C can be computed from the equation 

 

where AG is the Gibbs free energy change, n is the number of electrochemical equivalents in the half-

cell reaction, and F is the Faraday constant equal to 9.6485 x lo4 J V-' mole' 

        [157] 

 

“The half-reactions relating perchlorate (ClO4
-), chlorate (C103

-), chlorite (ClO2
-) hypochlorite (ClO-) and 

chloride (Cl-) can be combined to derive the thermodynamic potential for the eight-electron reduction of 

perchlorate to chloride  

 [157] 

2 Fe0 + R-Cl + 3 H2O → 2 Fe2+ + R-H + 3 OH- + H2 + Cl-       (R = Aryl group) 
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With ZVI Reduction, the question has been posed to whether the ZVI can effectively reduce a 

halogenated polyatomic anion (perchlorate) as well as hydrocarbon contaminants in 

groundwater, is answered with a resounding “YES”.  However, the kinetics and conditions pose 

some serious limitations, as discussed further. The chlorinated compounds are understood to be 

reduced in three different manners as follows and depicted in Figure 2.  

While developing effective uses and designs for the field applications, the reaction was 

characterized in the following way (Romeo et al.). Thermodynamically it appears that ClO4
- can 

be reduced to Cl- with a suitable reductant; 

1. Reduction at the metal surface in the presence of a proton donor 

Fe0 + R-Cl + H+ → Fe2+ + R-H+ Cl- (1) 

2. Continuation of reaction 1 by the further oxidation of Fe2+ to Fe3+                                                          

2 Fe2+ + R-Cl + H+→ 2 Fe3+ + R-H+ Cl- (2) 

3. The hydrogen gas which is produced in the corrosion reaction of water with zero-valent iron 

can also be involved in the dechlorination of VOC’s. 

Fe0 + 2H2O → Fe2+ + H2 + 2OH- (3) 

H2 + R-Cl → R-H + H+ + Cl- (4) 

In the estimate of the amount of zero-valent iron needed, the reaction of zero-valent iron with 

dissolved oxygen (5), water (3) and other oxidized organic and inorganic components (e.g. 

nitrate, sulfate) must also be taken into account. 

2 Fe0 + 4H+ + O2 → 2Fe2+ + 2H2O (5) 
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 12 - How reduction of a halogen occurs in water making contact with iron. 

Proposed mechanisms of the reduction that occurs at the site of the iron is depicted below which 

suggests three different ways the reduction of a contaminant in water can occur in the presence 

of iron.  Both of these may be occurring simultaneously in optimum conditions that provide for 

the transfer of electrons. It is likely that the first reaction is predominant however, there is 

evidence that the second reaction is also occurring (see explanation below mechanism figure). 

 

 

               Reduction Reaction       Eo 

  (1) ClO4
- + 2H+ + 2e-  ClO3

- + H2O  1.226 

(2) ClO3
- + 3H+  + 2e-  HClO2 + H2O  1.157 

(3) ClO3
- + 2H+ + e-  ClO2 + H2O   1.130 

(4) ClO2 + e-  ClO2
-      1.068 

 (5) HClO2 + 2H+ + 2e  HClO + H2O   1.674 

(6) HClO + H+ + e-  1/2Cl2(g) + H2O   1.630 

(7) ClO3
- + 6H+ + 5e-  1/2Cl2(g) + 3H2O  1.458 

(8) Cl2(g) + 2e-  2Cl-      1.360  

Overall Reaction     ClO4
- + 8H+ + 8e-  Cl-  + 4H2O

 (Summarized)                ΔG = -191.4 kJ mol-'   
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Figure 2: Possible reaction mechanisms for reductive dechlorination of VOCs or polyatomic anions 

such as perchlorate with zero-valent iron 

Reference: Remediation Techniques for Environmental Engineers and Wikipedia 

 

Note: When H2O is broken down and deionized it forms H+ and OH- ions but the production of H2 gas can form as a 

natural consequence since the diatomic gas H2 is the natural, normal state of hydrogen in the atmosphere. As a 

dissolved element, the H+ is likely to be present in significant proportions immediately after the breakdown of 

water. The cation of a single proton is known to be a significant reducing cation in dehalogenation reactions. 

The above two mechanism may both be occurring during the reduction with perchlorate in contact with ZVI in 

water. Due to coloration of the iron forming a dark color indicating iron oxides, there seems to also be indication of 

ferric oxide and ferric chloride forming. Ferric chloride, Fe(III)Cl3 tends to be light brown or orange while 

common rust is a form of iron(III) oxide. Iron oxides are widely used as inexpensive, durable pigments. Colors 

commonly available are in the "earthy" end of the yellow/orange/red/brown/black range. Therefore the second 

mechanism forming Fe(III) may be occurring at least on a minimal level based on the supporting evidence of the 

formation of colors seen in the iron powder during the research. The reaction passivates the surface of the iron 

particles and iron oxides form with a very dark coloring present that seems to be removed from washing with HCl. 

This dark blackish color would likely indicate Fe(II) presence forming iron oxide and therefore the initial mechanism 

occurs.  
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The zero-valent metal (usually granular iron) is the bulk reducing agent in these systems. 

However, corrosion of iron metal yields Fe2+ and hydrogen, both of which are possible reducing 

agents for contaminants such as chlorinated solvents. A heuristic model consisting of three 

possible mechanisms has proven very useful. 

Pathway A represents direct electron transfer (ET) for Fe0 to the adsorbed halocarbon (RX) at the 

metal/water point of contact, resulting in reductive dechlorination and then production of Fe2+. 

Pathway B shows that Fe2+ (resulting from corrosion of Fe0) may also dechlorinate RX, 

producing Fe3+. Pathway C shows that H2 from the anaerobic corrosion of Fe2+ might react with 

RX if a catalyst is present. 

Hydrogenation – to treat with hydrogen– is a chemical reaction between molecular hydrogen 
(H2) and another compound or element, usually in the presence of a catalyst such as nickel, 
palladium,or platinum. The process is commonly employed to reduce or saturate organic 
compounds. Hydrogenation typically constitutes the addition of pairs of hydrogen atoms to a 
molecule, often an alkene.  Catalysts are required for the reaction to be usable; non-catalytic 
hydrogenation takes place only at very high temperatures. Hydrogenation reduces double and 

triple bonds in hydrocarbons.     [142] 

Hydrogenation also plays a minor role in most systems and iron surfaces will be covered with 

precipitates of oxides (or carbonates and sulfides) under most environmental conditions. Concern 

stemming from how the oxide layer mediates transfer of electrons from Fe0 to adsorbed RX led 

to the formulation of another heuristic model, again consisting of three mechanisms [14]. 

In the second model, the pathway shows essentially direct ET from Fe0 to RX in a corrosion pit, 

or similar defect in the oxide film. Pathway II shows the oxide film mediating ET from Fe0 to 

RX by acting as a semiconductor. Pathway III shows the oxide film as a coordinating surface 

containing sites of Fe0 that complex and reduce RX.  
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 13 - Sequestration 

Sequestration of a contaminant refers to a removal process which does not involve contaminant 

degradation. Sequestration by Fe0 typically occurs via adsorption, reduction, and coprecipitation 

[14, 15]. Often, adsorption is only a prelude to other processes which do transform the 

contaminant in order to assure that the process cannot be reversed. However, there are cases 

where adsorption is the sequestration process of primary importance, especially with metals that 

occur as soluble cations which cannot be reduced to insoluble forms by Fe0. It also can be true in 

heavy metals, such as Cd, Cu, Hg, etc., which exist predominantly as soluble cations but could 

be reduced to insoluble species by Fe0 [14].   

 

Figure 3. The second proposed model 



77 

 

 

 

According to reaction formulas, the reactions with zero-valent iron cause an increase in pH (2 to 

3 units in laboratory conditions (Zhang, 2003) [73] and a reduction in redox potential (500 to 900 

mV reduction in laboratory conditions (Zhang, 2003). It is expected that in practice the increase 

in pH and the reduction in redox potential will be less spectacular due to the buffering capacity 

of the ground water and the decrease in the chemical reactions due to diffusion and dispersion. 

The influence of zero-valent iron on the geochemical environment (consumption of oxygen, 

nitrate, sulfate and production of hydrogen & Fe (II)) of the soil can lead to the stimulation of the 

growth of anaerobic microorganisms and can therefore contribute to an accelerated natural 

reductive degradation of chlorinated components.  The degradation of chlorinated ethenes can 

take place via two degradation paths, which have been summarized in Figure 4 for PCE. The 

“hydrogenolysis” degradation path results in the formation of the undesired degradation products 

cis-dichloroethylene and vinyl chloride. The ß-elimination degradation path takes place via the 

harmless acetylene. The extent to which each of the degradation paths is followed depends on the 

type of iron. 

 14 - Challenges with ZVI reduction process found in literature 

The corrosion reaction involving water is slow, whereas the corrosion of Fe0 with dissolved 

oxygen is fast, presuming there is O2 present. These are the reactive processes: 

 

Anaerobic corrosion:  Fe0 + 2H2O → Fe2+ + H2 + 2OH− 

Aerobic corrosion:   2Fe0 + O2 + 2H2O → 2Fe2+ + 4OH− 
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The presence of a reducible contaminant can produce another reaction which can then contribute 

to the overall corrosion rate. Therefore, this process is not realistic for a flow-through reactor or 

column unless the dissolved oxygen is removed.  This was part of the project completed for this 

dissertation project: purging the oxygen with helium and removing all competing materials that 

may be reduced and utilize surface spaces of the fine iron particles.  

 15 - ZVI and dehalogenation overview 

From published studies, the aforementioned references found, and work I have been involved in 

during the past two decades, it must be concluded that reduction of chlorinated and other 

halogenated contaminants whether organic or salts, can be effectively treated by reduction. 

Utilizing ZVI has previously proven one effective method within this reductant group of 

treatment methods to change the chemical compound or structure of the contaminants from a 

more oxidized form into a more reduced form. Most of the reduction methods have been proven 

by at least laboratory scale experimentations and many have been utilized in the field for actual 

remediation projects or at least pilot studies.  

There remains the issue of relative rapid conversion compared to the slow, consistent drawn-out 

contact that PRB’s provide as a contact reactor.  Previously, showing high rate volumes being 

treated by a reductive metal in, for instance, a pump and treat reduction reactor, has been very 

limited and not demonstrated to be possible.  The oxidation of iron tends to be very slow, 

especially in the presence of water with oxygen dissolved in it. That is why the purging of water 

was introduced in the attached reactor research paper.  Other competing oxidants were also 

removed.    
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The amount of the contaminant or concentration has also been a major issue in these 

experiments.  The surface sites played a major role in the level of concentration that could be 

treated as well as the total amount (mass). However, with the pre-treatment found in the 

proceeding paper, where the surface area was greatly enhanced, this problem was improved.  It 

has long been known that surface area and hence smaller particle size (or finer particles) 

improves the performance. But treatment or washing with HCl (acid) had a similar and more 

dramatic effect.  

Therefore, previous methods of ZVI remediation of halogenated contaminants in groundwater 

were effective up to a point and both halogen containing salts as well as organic compounds 

could be effectively treated. However, the process was slow and required massive amounts.  

With the improvements described in the attached paper, much higher concentrations of the 

contaminants could be treated, and at a rate that was high enough to be able to treat water 

through a column as a pump and treat reactor system designed for surface treatment of 

groundwater pumped up to the surface of the site.  Further advances should seek to discover 

other variables that can improve this technology to work faster, more efficiently and at 

concentrated levels of contaminants.  Based on the reactions, kinetics and obstacles, there are 

likely several other variables or conditions that could greatly improve this overall reduction 

process/ technology.        

 16 - General literature overview 

From this review of the literature, it is evident that there is room for supplemental discovery and 

enhancement of the general body of knowledge for both ZVI reduction process development as 

well as new contributions to the field of Community Engagement in and among the community 
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of a Superfund site.   Various studies exist in the context of Community Engagement at 

Superfund sites but with different contaminants, different methods of engagement, different 

types of communities, and types of activities that differ somewhat from the engagement 

proffered in this study.  These are important because a significant amount of studies are needed 

with variability in these areas to compare and measure the effects of the CE activities not only to 

before and after within one community but also in comparing other similar studies with different 

communities [83].  
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CHAPTER 3   Goals, Objectives, and Assessments   

  

            

Goals of the study 

This project had two major goals, which were: 

1. To determine the outcomes of community engagement activities in and around the 

community of a US EPA Superfund site. 

2. To determine if and what improvements were possible utilizing Zero Valent Iron to more 

effectively and more quickly reduce perchlorate, the major contaminant of concern at the 

studied site. 

The project comprised a total of two goals and seven objectives under each of those goals.  These 

are listed in Table 3.1 and Table 3.2 for goals one and two, respectively.  Eight objectives were 

identified under the first goal of engaging the community in activities related to the investigation, 

assessment, and remediation of the Superfund site contamination.  Six additional objectives were 

identified under the second goal of designing a reactor and developing improvements to the zero 

valent iron reduction process. 

Each of these objectives had associated activities that were designed in a way such that their 

outcomes could be measured, in order to determine the level of success and the degree to which 

the goals and objectives were achieved. The details of measuring the successes of each goal and 
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objective are described more fully in ‘Materials and Methods’ (Chapter 4) and then discussed 

within the ‘Conclusions and Discussions’ (Chapter 6).  The experimental design was expected to 

achieve each of the goals and objectives to some extent and therefore, all were measured with 

either, or both, qualitative and quantitative measurements. Qualitative measurements were 

executed by observations and interview feedback that demonstrated definitive results that may 

not have an applicable quantitative analysis method attached to them.  Quantitative results were 

measured using the Likert Scale survey process whereby individual participants answer a series 

of questions on a survey.  They are asked to rate the answer from one to five, generally in terms 

of “strongly disagree” to “strongly agree”. Afterward, these answers are converted to the 

appropriate number during statistical analyses generating means, averages, medians, totals, 

deviations, and other useful or meaningful analytics that tell researchers, to a great extent, a lot 

about the feedback and help them to interpret it more effectively.  Often, this results in 

identifying trends or wide differences and other important finds that would not otherwise be 

identifiable with interviews without numbers. This is how goals and objectives were measured. 

Community engagement objectives 

The objectives for engaging the community in the Superfund site were of different motivating 

factors.  The primary benefit would be several that are listed in Chapter 2 and Chapter 4 which 

would be beneficial to both the community and the Superfund “process” that progresses as EPA 

oversees assessment and remediation activities. The objective was to obtain measurable evidence 

of effects of the community engagement activities.  However, there are several other underlying 

objectives that were intended. They were “branches” that emanated from the primary community 

engagement goal and efforts. 
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Even though the project was primarily a community engagement research project with a PPSR 

approach, under that umbrella, was a novel approach that could be considered for remediation of 

perchlorate and so this became the second major goal of the research project.  The public was 

asked to participate in a way that contributed to the data, data collection, and sampling activities. 

As previously stated, the public participants were able to direct the study in some ways. The 

participants also became a causative factor of the final outcomes such as measured impacts of the 

engagement activities as well as site work at the Superfund site and the effects of that work. The 

strategy was to engage community members to make some measurable difference with the 

objectives of creating a positive set of effects and being able to effectively measure those effects 

and outcomes.  Those positive effects were to be measured by the methods listed in Table 3.1  

The effects are considered positive because the results of increased awareness, knowledge, 

Environmental Justice, and Environmental Health Literacy have previously been shown to 

improve the community member’s lives, decision-making ability and overall sense of well-being 

[94, 95, 83,].  
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Table 3.1 Community Engagement Objectives and Measurements 

 

Objective 

 

Method of Measurement 

1. Increased interest in the contamination issues 

and its potential health effects 

By survey and interview. Recorded 

Observations. Possible webcast recording 

2. Increased participation in informative 

meetings, reading, activities or sampling, and 

analysis of samples related to the Superfund’s 

contamination  

By survey and interview. Recorded 

Observations. Possible webcast recording 

3. Increased awareness of the Superfund site’s 

responsible parties’ activities regarding hazardous 

or toxic materials and their storage and disposal 

practices. 

By survey and interview. Recorded 

Observations. Possible webcast recording 

4. Increased awareness of other Cochise County 

contamination sites’ activities regarding 

hazardous or toxic materials and their storage and 

disposal practices. 

By survey and interview. Recorded 

Observations. Possible webcast recording 

5. Increased monitoring and awareness of the 

groundwater affected by contamination in 

Cochise County to aid in making informed 

decisions 

By survey and interview. Recorded 

Observations. Possible webcast recording 

6. Making informed decisions about drinking or 

not drinking water from the ground near the 

vicinity of the contamination 

By survey and interview. Recorded 

Observations. Possible webcast recording 

7. Behavior modification based on informed 

ability to change the water a person or his/her 

family is drinking or deciding to change 

residential location 

By survey and interview. Recorded 

Observations. Possible webcast recording 

8. Becoming involved in, or showing interest in a 

long-term environmental stewardship/protection 

program 

By survey and interview. Recorded 

Observations. Possible webcast recording 
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                     Assessment  

A primary goal was to see if the community would be willing to be engaged and to get involved 

in various ways. That goal was proven successful.  Other directions that took on life was the 

sharing of data between participants, the unintended creation of advocates for and within the 

community that were actual participants, an environmental stewardship program and the use of a 

web-linked platform that allowed map plotting and data sharing of participants’ collected data 

which was provided by National Geographic. Both types of Fieldscope geographic graphs were 

part of the community engagement goals and objectives. 

The use of National Geographic’s online program and reporting platform was an innovative 

development that had not been previously attempted. A new goal of the study became to find a 

way to use this platform for an application to contamination being associated with specific 

geographic locations.  Since participants or recipients of the water testing services were 

fascinated with their results and often wanted to share them with other members of the 

community, a new goal was established.  This goal was to find an effective method that would 

allow those who voluntarily wished to share their water testing results with each other to do so 

online, and then to see the progression of a contamination “plume map” that began to emerge as 

created by the program from the data input of the participants.  

Community surveys intended use and objective 

In order to be demonstrated as an effective CE project, the goals and objectives had to be defined 

and essential feedback used to determine the effectiveness [6]. The community survey given to 

participants from the community gives the participants the chance to evaluate and report the 
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engagement effectiveness; report on its influence on their lives in terms of decision making; and 

to share their increased sense of knowledge and well-being as well as community cohesiveness. 

The goal with the survey was to provide feedback to the research team that could be broken 

down into qualitative and quantitative reporting on the overall effects of the study. This 

measuring of effectiveness was designed to be evaluated qualitatively for both the community 

engagement as well as the pilot study and reactor design experiments that perfected the Nano-

ZVI reduction process.  As stated previously, the numbers are generated from the Likert study 

feedback as well as the rate of perchlorate reduction and percent of reduction or conversion from 

perchlorate ions to chloride ions. 

Modified use of ZVI as pump-and-treat process   

The project was expanded into a remediation direction including the development of a potential, 

low-cost, remediation technology that could be used to remediate the perchlorate at the site 

A major goal was the development of a possible, low-cost, remediation technology that could 

potentially be used to remediate the perchlorate at the site was a further expansion of the study.  

As a secondary goal, this included an effort at the development of a ‘flow-through’ reactor 

containing nano-particles of the Zero Valent Iron which was previously known to reduce 

chlorinated compounds and polyatomic anions but used mainly in permeable reactive barriers 

(PRB’s). The goal included making improvements to the standard ‘single-pass’, ZVI, permeable 

barrier, reactor-system to work efficiently enough to be used as a pump-and-treat reactor on the 

surface of a site. Under this umbrella, the objectives listed below in Table 3.2 were established. 

Objectives 9 through 14 listed below were focused on the success of demonstrating the effective 

use and deployment of nanoscale zero valent iron as a low-cost remediation alternative for sites 
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that have reducible contaminant such as perchlorate.  These objectives set out to prove that this 

treatment was viable as a low-cost alternative as a “pump and treat” form of remediation that 

could be performed on the surface of any such site with reducible contaminants in the 

groundwater.              

Objective Method of Measurement  

9. Increased perchlorate reduction resulting from 
smaller sized particles of ZVI Increased perchlorate 
reduction resulting in increased contact exposure or 
residence time  

Quantitatively by time required to reduce 
perchlorate or percent of perchlorate 
reduced/converted 

10. Increased perchlorate reduction resulting from 
pre-treating the nano-ZVI with a hydrochloric acid 
wash solution 12. Increased perchlorate reduction 
resulting from removing the competing polyatomic 
anions Sulfate and Phosphate by precipitation with 
complexing barium   

Same as above 

11 Increased perchlorate reduction resulting in 
increased contact exposure or residence time 13. 
Increased perchlorate reduction resulting from the 
purging of competing DO (dissolved oxygen) with 
helium gas 

Same as above 

12. Increased perchlorate reduction resulting from 
removing the competing polyatomic anions Sulfate 
and Phosphate by precipitation with complexing 
barium   

Same as above 

13. Increased perchlorate reduction resulting from 
the purging of competing DO (dissolved oxygen) 
with helium gas 

Same as above 

14. Increased perchlorate reduction resulting from 
removal of TOC (organic carbon) 

Same as above 

Table 3.2    ZVI Objectives and Measurements 



88 

 

 

These improvements were focused on the objective of causing the reduction reaction from 

perchlorate to chloride ions more rapidly and / or more thoroughly (as a higher percentage). The 

two primary goals and the associated objectives comprising them are discussed more thoroughly 

in Chapter three: Goals and Objectives along with some description of the ways the success of 

these goals and objectives would be measured. 

 

Water testing outreach efforts  

   As a part of the primary community engagement research project, water samples were 

taken and analyzed from many ranches and homes, from groundwater monitoring wells, directly 

from faucets, agricultural wells, and public drinking water fountains. The water testing program 

had a primary goal to provide community members with a better sense of the quality of the water 

they were using and drinking. It was also to open the door for the opportunity to describe the 

EPA Priority Pollutant I and II reports and explain the potential link to the water quality results 

and the contamination at the Superfund site.  This also provide a forum to invite water testing 

recipients with an invitation to join the larger community group meetings and to explain the 

EPA’s Superfund work, the Superfund program, CE efforts, and policies. The water testing also 

gave a voice to the improved potential environmental justice impact as well as increase the 

Environmental Health Literacy and decision-making abilities that led to behavior modification 

intended to protect one’s self and one’s family which was another primary goal of the study.  

 

 

Intentionally left blank 
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Materials and methods utilized during the course of this investigation are described below. 

Detailed descriptions of procedures carried out and specific types of materials used during 

scientific laboratory procedures and pilot study experiments are adequately described to yield 

reproducible results from peer reviewers.                                                                                                                              

Methods in conducting a background investigation of the site                                                                 

To perform the background investigation of the site, and to see how extensively the 

contamination issue had previously been defined, the project included a comprehensive and 

detailed review of hundreds of site documents that were products of the previous investigations 

of the Apache Nitrogen Products (ANPI) facility from Region IX of The U.S. Environmental 

Protection Agency [137].  Extensive notes were taken and findings that stood out as being 

incomplete, ill-defined, needing additional work or unusual were noted.  These notes and 

findings are found in the Appendices section and are further discussed below. This review served 

as a tool to direct further sampling and testing as a way of assuring that the extent of the 

contamination was fully defined laterally. The information reviewed was a preface to all other 

activities and was the basis of further investigations. Both historical (records and documents), 

and additional site assessment activities (sampling and analysis) were discussed in community 

engagement group meetings. Proceeding the investigatory and historical review and then 
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additional site characterization work, a new technology to test and treat the primary, specific, 

recalcitrant contaminant (perchlorate) present was developed and tested as part of the overall 

project and incorporated into the engagement process.  Relevant details of these documents are 

discussed further in the following ‘Methods for Community Engagement’ section. The websites 

that were used to review documents showing previous work on the site included: 

1. EPA Superfund Site Information and Repository for Apache Powder 

http://yosemite.epa.gov/r9/sfund/r9sfdocw.nsf/3dec8ba3252368428825742600743733/510f2

916dad8646e88257007005e9402!OpenDocument 

2. Good guide Score Card and Stats 

http://scorecard.goodguide.com/env-releases/land/site.tcl?epa_id=AZD008399263 

3. State of Arizona WQARF Site Stats (Site Map, Pictures, List of Contaminants) 

http://www.azdeq.gov/environ/waste/sps/Apache_Powder_Company.html 

4. Five-year Action Plan as of 09/20/12 

www.apachenitrogen.com/downloads/anpi-superfund-5-year.pdf 

5. 1994 Site Report and Test Results 

http://webapp1.dlib.indiana.edu/virtual_disk_library/index.cgi/2766887/FID2965/RODS/Region
09/R0900510.pdf 

In addition to these websites which contained hundreds of documents, there were records 

available at Arizona Department of Environmental Qualities main location located at 3033 N 

Central Avenue in Phoenix, Arizona.  The investigator visited the WQARF document file room at 

ADEQ and took notes and also made numerous copies as part of a comprehensive compilation of 

relevant information on the site including documents, notes, maps, lab reports, consulting and 

engineering reports, hydrology investigation reports and other documents. A summary of the 

contaminants found is below in Table 4.1 
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Federal National Priority List (Superfund Sites) 

Apache Powder 

Groundwater-arsenic, fluoride, nitrate, 
perchlorate 

Upper San Pedro 
Surface water-dinitoglycerine (DNT) 

Soil – arsenic, barium, metals, nitrate, 
vanadium pentoxide, trinitroglycerine 

(TNT) 

Voluntary Remediation Sites 

Table 4.1 Contaminants found at Apache Powder Superfund Site 

 

The results of the historical document search are provided in the following section titled:  

Results, Conclusions and Discussions. This information (reviewed) provided questions as well as 

answers to where the different contaminants had previously been found.  It also posed questions 

about how or why these specific contaminants were found in only certain areas and not others.  It 

was noted that the San Pedro River, which currently only runs with flowing water about half of 

the time, entered and exited the Apache Powder property in two locations. It was noted in the 

historical documents that it was once a common practice to dispose of all unwanted materials in 

the riverbed as was common to many industries including federal government research, military 

and NASA sites.  With the possibility of residual contaminants being left in different areas of the 

riverbed, perhaps downstream, it would make sense to include sampling the riverbed as a CE 

activity that would prove educational. 

 

1 . Details of contaminants found 

In order to target the testing of soil, water and riverbed sediment samples, the known 

contaminants at the site had to be included in all testing suites. The current contaminants of 
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concern at the site, were found (from the document review) to be arsenic, fluoride and nitrate in 

the perched groundwater; nitrate in the shallow groundwater aquifer; arsenic, antimony, barium, 

beryllium, chromium, lead, manganese and nitrate in the inactive pond soils and sediments; and 

2,4-dinitrotoluene (DNT), 2,6-DNT and lead in Wash 3 Area. Additionally, the waste materials 

vanadium pentoxide and trinitrotoluene (TNT) were found in soils on the site, and perchlorate 

has been found in the perched and shallow aquifer. Contaminants of concern at the site may 

change as new data become available.  Maps of these contaminant locations are found in 

Appendix G. 

2 . Contacts cited and interviewed 

The following names were consistently cited in documents pertaining to the site and therefore 

these individuals were interviewed about the documents and site history.  

Name Phone/Fax E-mail 

Sara Benovic, ADEQ Project Manager (602) 771-4248 benovic.sara@azdeq.gov 

Andria Benner, EPA Project Manager 
(415) 972-3189**/(415) 947-

3526 fax  
benner.andria@epa.gov 

Craig Boudle, Safety, Health and 

Environmental Manager 

(520) 720-2114/(520) 720-

4158 
ceboudle@apachenitro.com 

 

These interviews were conducted in the order of the individuals listed above on the following 

dates 10/04/2015; 02/02/2016; and 03/1/2016 respectively. Subsequently, Andria Benner, the 

project manager from EPA was contacted numerous times as the project was progressing.  
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3 . Information repositories visited 

Selected site documents were also reviewed at the Benson Public Library located at 300 S. 

Huachuca, Benson, AZ, 85602, (520) 586-9535. The complete official site file was also reviewed 

at the EPA Region IX, Records Center, Mail Stop SFD-7C, 95 Hawthorne Street, Room 403, San 

Francisco, CA 94105.  Any interested parties or members of the public may also review 

additional site information at the ADEQ Record Center located at 110 W. Washington Street, 

Phoenix, Arizona.  

                                                                                                                                                                       

Methods used for additional site characterization activities  

After the comprehensive review of the site documents from several different sources was 

completed, additional sampling and analyses were conducted. These activities were not meant to 

meet any compliance or regulatory requirement but were meant to be a community engagement 

exercise in which participants could learn about site characterization and profiling of a 

contaminated site.  It was hypothesized that after being involved in the sampling and testing of a 

contaminated area and learning the methods typically utilized by engineers and consultants, more 

interest and involvement in the site and its health effects would result. In addition, the 

information obtained served to confirm the extent of contamination at the surface and throughout 

the riverbed of the San Pedro.   

1 . Relevant detail and history of the ANPI study site 

The APNI site is situated in Northwest Cochise County of Southern Arizona, only fourteen miles 

from the two-hundred-mile-wide county’s northwest corner. To the east, approximately forty 
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miles, is Tucson, Arizona, a metropolitan area with nearly a million residents within the county 

of Pima. The community of Benson, Arizona is a bedroom community twenty-six miles to the 

east consisting of retirees, ranches, and a small town setting population of 5500 people. Phoenix, 

Arizona, a metropolitan area of three million residents is about one hundred fifty miles to the 

northwest.  

Because of the ease of access, its route to major locations and its Midwestern feel, Saint David 

was a prime choice for Mormon settlers who began settling there during the Mormon Battalion of 

1846 when a battalion of about 500 Mormon soldiers settled and in 1881, the town was renamed 

St. David in honor of David Patton, a Mormon leader [154].   The purged aquifer that comes to the 

surface creates an oasis like environment in the middle of the desert with abundant foliage, grass, 

trees, and other flora. There are naturally occurring ponds on the surface of the ground.  Mormon 

settlers could easily dig wells by hand with water existing no more than ten feet below grade 

surface. Today, there is a large, modern Mormon Worship and Community Center present and a 

Mormon population of ‘total church members’ present in and all around the community of Saint 

David, Benson, and Pomerene which accounts for over half of the total population of this area.  

The map below from Google Maps demonstrates the proximity of the communities to Tucson and 

the Mexico border.  
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Fig 4.1  Map of Site’s Vicinity to Tucson, Benson and Mexico 

 

 

 

 

 

 

 

 

 

APNI, formerly Apache Powder in Saint David is a manufacturing plant that serves as a primary 

employer in its community. It is responsible for bringing approximately one hundred railroad 

tankers of ammonia and other liquid and solid chemical shipments to Southeast Arizona and is 

responsible for the development of much of the railway existing in Cochise County. They are a 

nitric acid producer and an ammonium nitrate-based products manufacturer [138]. The company 

uses these materials to manufacture nitrogen containing fertilizers for agriculture, rocket 

propellants for the federal government, explosives for the military and other applications. These 

are all nitrogen containing end-products that are chemically produced by reactions in the plant 

[138]. Significant emissions of chemical containing vapors result from these chemical reactions 

during the manufacturing process. This requires air quality permits with permissions and 
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limitations to the frequency and quantity of chemicals that can be released into the environment 

from emission stacks.  Besides being a Superfund site for subsurface contamination of 

perchlorate, nitrates and heavy metals, Apache Powder, now ANPI, has had numerous violations 

of these air quality permits and has been cited to the point that a settlement of $1.25 million was 

reached to resolve all the air pollution violation citations, fines, and fees [117].  This is relevant 

to the site not being approved for deletion from the NPL for lack of ADEQ agreement.    

Contamination to the ground and groundwater has not been significantly different. In the early to 

middle 1980’s, local residents of the Saint David community began tasting a very strange flavor 

in their water [137].  Tests confirmed the presence of several contaminants and eventually it was 

determined that perchlorate, nitrates, ammonium, and heavy metals were among contaminants 

found on both the northern border of the property as well in aquifer samples along the southern 

half of the Apache Powder property.  The presence of a “Saint David Clay” a formal name 

designated by USGS and other soil scientists for this unique silty AlOH2 with talc and saltpeter 

nitrates, exists from about ten feet below grade surface to places where it is outcropping above 

the surface. The clay lens is 300-400 feet thick, under which exists a primary aquifer, which now 

is the primary sources for most wells existing in the area.   

A successful phytoremediation effort consisting of heavy wetlands created and designed by a 

hydrology and consulting firm, has significantly reduced the existence of high nitrate levels 

which existed in the northern border of the property and to the north of the site boundaries.  

However, no effective remediation of perchlorate has been achieved although monitored natural 

attenuation was attempted with no reduction in levels.  The success of the wetland is based on 

the uptake of nitrates specifically, as well as immobilization of previously existing heavy metals 
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including arsenic. EPA states that with levels of nitrates at or near the 10 mg/l MCL, they believe 

there no abnormal levels of concern since nitrate levels are found to be naturally elevated in this 

area, even though some samples are found to contain more than 10 mg/l because they are from in 

monitoring wells only on the site where remedial wetlands continue to lower levels.  Also, it has 

been determined from local well owners’ samples that the nitrates are naturally higher in this 

geographical region and in fact almost all of Cochise County due to extensive agricultural 

activities over the past few centuries.  

 

Fig 4.2 Site Map Relevant to San Pedro River (Bed) At two locations the San Pedro River (bed), 

which is now dry about 50% of the year, enters and then exists the Apache Powder plan site property.  
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Site characterization activities conducted as part of this research 

Sampling activities began in the fall of 2015 along the riverbed to look for residual contaminants 

along the walls of the river basin. Volunteers from the investigator’s students in engineering, 

chemistry and environmental science classes along with many other local residents gathered 

three consecutive weekends to take samples of locations labeled in Appendix E.  The locations 

were selected by the primary investigator based on the historical documents. Sampling locations 

were meant to confirm there was no “missed” contaminated areas since previous sampling was 

scarce and minimal. Otherwise, the area was presumed to be uncontaminated. These samples 

were meant to supplement the ‘picture’ of contamination characterization and plume mapping 

that had previously been performed. The activities utilized EPA and ADEQ protocols of 

sampling, collection methods, preservation, transportation, use of chain of custody procedures, 

and general handling. Proper use of PPE was also described, and standard protocols for using 

that equipment were followed.  

The location selection was explained by the primary investigator and he encouraged the CE 

participants to take additional samples wherever their instincts led them and especially of any 

areas that showed staining, odors or inconsistency with the native material around it.  One 

discharge pipe was sampled north of the plant site. It was emanating from the plant and found by 

a local resident who lives on Apache Powder Road north of the plant and north of that pipe 

which feeds into a creek bed that eventually feeds into the San Pedro River. It was sampled as 

well as dozens of riverbed and river wall samples. Later, additional water samples were tested 
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that came from public wells, monitoring wells, private potable water wells, faucets and locations 

within the public such as the library, local park, and local ice cream shop.  

Eventually, participants began to express an interest in having an avenue to share their results (of 

their home faucet water or privately owned well water).   The project coordinator and author of 

National Geographic’s FieldScope, program assisted in modifying the platform for use by 

participants who wanted to display and share their water testing results.  This program had been 

utilized by birdwatchers, scientists, habitat recorders, and schools to let public participants enter 

sightings and other similar data into a publicly accessible data base that projects the results onto 

a geographic map.   

The program known as FieldScope is designed to take pinpoint locations on a map, identified by 

latitude and longitude, then label those locations with a color. As collective data from a various 

community member or public participants are introduced in the database, a colorful map emerges 

with shades of colors showing trends and gradients.  It was originally designed for birdwatchers 

evolving into detailed maps demonstrating migratory patterns of different bird species, and then 

later developed for scientific studies searching for the undiscovered habitats of rare or hard to 

locate species of different animals. The platform allows users or participants to receive an access 

code that enables them to log on to the program while online. The participant is then directed to a 

database entry field where they can enter an address or pinpoint a location with a click on a local 

map that is converted to latitude and longitude.  Approximately twenty participants  entered the 

water testing results from their location and  automatically added to the map and colored in as a 

gradient color according to the concentration or the actual number (result) is displayed within a 

red or another colored circle. Below the EPA MCL level may be a green while concentration 
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finding of levels above the MCL’s emerged, reddish green colors emerge. An example of a 

FieldScope data map is shown in Fig 3.1 The gradient of points or circles on the FieldScope map 

demonstrating the nitrate level gradient  was created by the program showing a definitive pattern 

of water quality (in streams in the vicinity of the site. This had previously been tested in the 

Southeastern United States while testing for pH levels to perfect the maps and gradient points.  

Fig 4.5   FieldScope map of nitrate levels generated by the online program at Saint David 

Superfund Site as of 03/03/2018 

 

 

The program was modified to use color gradients to show the differences and changes in 

locations.  Red represented the “hotspots” or highest concentrations of nitrates.  Those fade into 

shades of green for intermediate levels of nitrate and the blue for low levels. It was implemented 
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for use in this project by BSCS, Biological Sciences Curriculum Study, a funded offshoot of 

National Geographic. The current map and data for this project can be found at:  

http://saintdavissuperfund.fieldscope.org/v3/maps/1541 

The online project management site is 

http://saintdavissuperfund.fieldscope.org/v3 

Methods for conducting community engagement activities  

In this work, community engagement methods were employed within the community of the 

Superfund site. Apache Nitrogen Products, Inc. formerly Apache Powder is the primary employer 

in the small community of Saint David in Southeast Arizona. It was subsequently renamed Apache 

Nitrogen Products, Incorporated (ANPI) after substantial press releases about the contamination 

and health effects in the 1980’s. Preliminary interviews were conducted. .  Few participants or 

community members were found to have an accurate picture or comprehension of what had 

occurred at the NPL site, what efforts had been put into the remediation, or what the current status 

of the remediation was. A few pages of the dozens of pages of notes taken during interviews are 

appended as examples.  In no interviews were participants found to understand that MNA had been 

adapted by the PRP as a primary form of remediation for the southern border heavily contaminated 

with levels of perchlorate as high as 800 ppm. MNA or monitored natural attenuation is the least 

engaging effort of remediation and employs only a monitoring of the site to see what natural 

processes are degrading or breaking down the contaminants. It is essentially ineffective on a site 

like APNI where there is minimal organic carbon to sustain naturally occurring indigenous or 

exogenous microorganisms.  



102 

 

 

This project included several methods to engage the community. Some of these methods were 

relatively unique. These activities were meant to target different segments of the community by 

appealing to the specific interests each had. For instance, there were chemistry and chemical 

engineering students of the primary investigator and they likely had interests somewhat different 

from local homeowners or well owners although in some cases, these students were the same and 

overlapped in more than one group.  To appeal to these students, incentives included independent 

study credit, extra credit for sampling and analyzing samples of water and soil, or a new learning 

benefit or skill of proper sampling and lab procedures appealing to their specific interests. The 

engagement activities were proffered with the intent of benefitting community members in a way 

that met some other needs as an incentive to initiate interest that did not previously exist [111]. 

Some activities overlapped with all groups such as a review of historical and technical documents, 

and various engagement and talks with experts and regulatory officials. Water and soil sampling 

and testing was conducted by local well owners who had an interest in the well as either 100% or 

in some cases a shared ownership in the well that provided several homeowners water. Students 

aided in laboratory testing as well as conducting the pilot study for water treatment suggested by 

The U.S. EPA. It also employed the use of participants taking surveys before, during and after the 

entire engagement experience.  

The Environmental Protection Agency has made an effort to involve local community members 

to understand the contamination issues at Superfund sites which are regulated and controlled by 

the EPA under CERCLA (Comprehensive Environmental Response, Compensation and Liability 

Act) of 1980. Studies show significant differences exists between the potential outcomes of when 

state and federal enforcement officials experience community engagement versus without [28, 

29].  The reasons are explored and analyzed in this work by using the case study site (APNI) 
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between Benson and Saint David, Arizona.  Although EPA and others have utilized attempts at 

community engagement for some time, and it has been a part of their official policy, this case 

study is somewhat unique in its engagement effort by utilizing the different incentive methods to 

get community members engaged or involved, that appealed to their interests and needs. Water 

from some participants’ homes, from well owners, was tested as one incentive.  Once engaged in 

various activities, outcomes were measured to see what the results of the engagement activities 

and involvement process were. The participants were later asked to participate in written surveys 

after their involvement/engagement as well as in one-on-one interviews. Webcast recordings of 

their feelings and feedback were an option offered to all or some participants. The myriad of 

issues surrounding stakeholder’s interests at the site are examined in this study.  These issues 

include the relationship between regulatory officials and the community members around the 

site.   

This study was further designed to investigate whether there is a sense of increased pressure on 

regulators and their agencies’ officials with significant community engagement [29].  The study 

also investigates whether there is distinct measurable impact on the communities’ involvement, 

understanding and motivation to get involved and protect the local environment from stimulated 

engagement to further understanding and involvement by the community. That occurred and was 

measured with humans participating in surveys and providing information. Interactions among 

the various stakeholders are constrained by numerous factors, as has been previously discussed 

and presented [28].  An effort to get local populations involved through participation by, and 

formation of, groups such as the UCAB (Unified Community Advisory Board) in Tucson, 

Arizona at the TIAA (Tucson International Airport Authority) trichloroethylene (TCE) 

contamination site [139] and numerous other panels or committees often just called Community 
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Advisory Boards, are a part of the encouraged approach of The United States Environmental 

Protection Agency and other regulatory bodies such as State Departments of Environmental 

Quality [6]. This research project explores efforts to resolve some of these factors to promote 

enhanced communication, and collaborative efforts between regulators, community members, 

engineers and scientists based on common goals and outcomes strived for.  

It was also a priority to address and strategically question participants in a manner to determine 

how they were personally affected, educated, more informed, and decided they could make better 

informed choices for themselves and their families. The data analysis, results, and discussions 

attempt to determine if their interest level in knowing about contamination in general, 

contamination in their community, and its health effects become more important to those 

participants or, if their interest is increased in any way.  The rate and level of remediation or 

protection from the contamination was affected and analyzed in the dissertation based on 

engagement efforts. Surveys reflecting several things before and after the engagement process 

will be utilized to determine the impact. These surveys will involve humans who are community 

residents, in the area, and they will fill them out. The study will investigate and attempt to 

measure as well as characterize the improvement of Environmental Health Literacy, 

Environmental Justice, and utilize Public Participation Scientific Research as well as Community 

Based Public Research methods and metrics established by Hacker, Ramirez-Andreotta, and 

Shirk [8, 9, 10]. Various parameters and questions will be used to measure and characterize the 

anticipated engagement process changes that occur or do not occur.  The attached survey will be 

utilized as a major method of measuring what occurs as well as the interviews and recorded 

participants. 
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This research study aims to determine the outcomes, impact and effects of an integrated 

community engagement effort at (circa) the Apache Powder Superfund Site in the Benson/Saint 

David, Arizona area.  The purpose is also to determine, in unique ways but ways that follow 

acceptable standard metric practices in research, if, how, and why the engagement efforts of the 

research project had a positive effect:  meaning did it improve awareness, efforts, interest, future 

environmental stewardship, and the ability of participants to make better and more informed 

health decisions for themselves or their family.  It therefore, also attempts to determine if there 

was any behavior modification or change such as adding filters to their water or drinking bottled 

water, such as attending informative meetings, such as demanding a pollution-free (or at least 

improved) environment of soil, air and water with which they or their children may come in 

contact.  Another action may have been a decision to move to a new residential location.  The 

study also analyzes whether perceptions participants had of the government officials (at ADEQ 

and U.S. EPA) as being bullies, or the “big bad wolf”, and uncontrolled enforcement authorities 

change at all since a prevalent view of EPA trying to shut down the main employer pervades.  A 

rural southern-feel community who are largely prevalent Trump supporters, regularly expressed 

no love loss for government officials and regulators, especially those that threatened the shut 

down or costs of millions of dollars to the primary employer of the region.  Any change in this 

attitude is of great interest in this study.         

The setting of the engagement included local homes, Benson Public Library, six local Churches, 

Our Lady of Lourdes, St. David and Pomerene Stake of LDS Church, First Baptist in Benson and 

First Baptist in Saint David as well as other community locations surrounding the US EPA 

Superfund site and manufacturing plant. The community center and the local Denny’s Restaurant 

hosted small group meetings.  These activities are further described in the Community 
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Engagement activities descriptions section below describing what activities occurred where and 

when along with numbers of attendees. Samples were analyzed by use of UA Contaminant 

Transport Lab, ALEC (Arizona Laboratory for Emerging Contaminants), Turner Laboratories, 

New Leaf Lab Management among others. 

The study involved community members of all adult groups in the Benson and Saint David area.  

Cochise County is the most economically depressed economy of Arizona and had struggled to be 

restored since the financial crisis of 2008. The population of Cochise County, AZ is 56% White, 

34% Hispanic, and 3.7% Black. However, the military operations in Sierra Vista dramatically 

skew those number from the Saint David area. St. David, AZ has a population of 1,709.  The 

median age in St. David is 35 which is approximately 5% lower than the Arizona average of 37. 

In St. David, 70% of the population over 15 years of age are married, 95% speak English and 5% 

speak Spanish. 55% of St. David residents were born in Arizona, 41% were born out of state, 4% 

are US citizens born outside of the United States and 1% were foreign born. In adjacent Benson, 

AZ the median age is 53. In Benson 91% of the population is Caucasian and 1% of the 

population is Black. In Benson 0.2% of the population is Asian. Median income ranges from 

$31,556 to $50,224 depending on the township or rural area [157]. 

The participants were  divided into the following groups for observation purposes: 
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1. Undergraduate College Students (of the local community college)                                                            

2. Local Well-Owners                                                                                                                       

3. Local residents (who are not well owners but utilize the local water) 

4. Participants/Residents that hold college degrees                                                                          

5. Participants who do not hold college degrees   

                                     Table 4.2 Targeted Groups 

The purpose of these subdivisions is to determine if the outcomes of the engagement process 

have greater effects on different segments of the local population and perhaps to hypothesize 

why if indicators of the surveys can provide insight to this question. 

The recruitment process was characterized by specific incentives boosted participation, but also 

was attended by participants who responded to notices posted in the local community at various 

locations. A description of the recruitment effort made for each group is in Table 4.3 below.  The 

concept was to provide an additional incentive although it has been noted in other research that 

there tends to be an intrinsic desire or motivation for residents immediately adjacent or very 

close neighbors of a Superfund site. Often times these individuals are elderly who have lived in 

the same home for decades and do not want to move or they are lower income community 

members (or those with disabilities) who are not easily displaced and have limited resources to 

move or find different housing arrangements. Often times the housing next to large chemical 

plants and polluters tends to be at a lower cost.  

See table below. 
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1. Undergraduate College Students (of the local 
community college)                                                             

‘Extra Credit’ in general chemistry                   
An opportunity to see an operating water 
testing laboratory                                            
Possible credit for CHEM 299 Ind Research        

2. Local Well-Owners                                                                                                                       Knowledge of their well’s water quality           
An actual Laboratory report for reference in 
case selling property or to refer back to with 
medical experts, etc                                            
Potential property value enhancement  

3. Local residents (who are not well owners but utilize 
the local water) 

Knowledge of their well’s water quality           
An actual Laboratory report for reference in 
case selling property or to refer back to with 
medical experts, etc                                            
Potential property value enhancement 

4. Participants/Residents that hold college degrees                                                                          Additional knowledge of their 
environment’s situation and participation n 
a community activity that brought a sense of 
community involvement and improvement  

5. Participants who do not hold college degrees   Possible class credit and knowledge of their 
environment’s situation and participation n 
a community activity that brought a sense of 
community involvement and improvement    
A sense of  added understanding to issues  

                         Table 4.3 Incentives targeted to specific participating groups 

The investigator of this study has numerous family members in the area who are primarily horse 

ranchers and one is the School District Superintendent of one of the larger school districts in 

Cochise County. The investigator’s parents both retired from local school districts including 

Saint David and Willcox. Since regular testing and monitoring of his family’s wells was of an 

inherent interest, friends, neighbors, co-workers, and fellow church members asked if they could 

have their water tested also, by the investigator. This resulted in a snowball-effect until over 50 

home water tests were performed.  Engagement ranged from 1 day to 12 months and the survey 

participation was voluntary.  The subsequent surveys were used to assess the impact of a 

previous community engagement process /effort. Participants’ answers remained private and 
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confidential but were used as a statistical measuring tool to perform statistical analysis and to 

make measurements and conclusions. 

The community engagement of this project is defined as activities that have the potential to change 

or create an interest in the local Superfund site contamination.  A list of all the engagement 

activities that targeted all the different segments of the community that were specifically set out to 

be targeted included the following activities. 

Description of community engagement activities 

1. Review of historical and technical documents 

Participants assisted in reviewing historical documents by meeting together with the 

author of this study and reading through documents that were on line or hard copies.  

Meetings were in the Benson Library. Participants were instructed to fill in blank 

worksheets that included notes about locations of samples, test results and anything that 

seemed to strike the participant as odd or unusual. Seven participants engaged in this 

activity. Notes were taken by all of them. 75% of the attendees were college students of 

Cochise College chemistry classes. The remaining balance were family or friends of the 

students’ or investigator.  The previous information was organized for past locations of 

samples and results of testing along with the dates.  Several maps of this information 

summarize many previous reports were compiled. These were used for decision-making 

and location of additional site characterization activities.  Additional samples were taken 

in locations that previous sampling may have assumed was not contaminated.                                                                                   
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* Some participants overlapped into more than one category 

The historical document searches were conducted numerous Saturdays throughout November of 

2015.  The searches were used as methods used for community engagement to increase interest 

Activity  Description 
Total 

attended 

Category of 

participants* 

Hold College 

Degree 

Time 

Spent On 

Activity 
Review of historical and technical 
documents                                                                                    

15 Students                     8    
home/well owners     8      
Renter w/ utility        7                    

Degree holders        7  
Non-Degree              8 2 .5 hrs 

Group discussions regarding previous 
work and current plans 

17 Students                   6 
home/well owners   8      
Renter w/ utility      9                    

Degree holders        9   
Non-Degree              8 

2  hrs 

Sampling of Riverbed and perimeter 
areas (local community college 
students) 

18 Students                   8 
home/well owners   8      
Renter w/ utility      10                    

Degree holders        9   
Non-Degree              9 

3 .5 hrs 

Meetings to evaluate of laboratory 
testing results  

14 Students                   7 
home/well owners   7      
Renter w/ utility      7                    

Degree holders        6   
Non-Degree              8 

2 .5 hrs ea 

(avg) 

Formal group descriptions of past 
work and its meaning  

12 Students                   6 
home/well owners   8      
Renter w/ utility      4                    

Degree holders        6   
Non-Degree              6 

2 .5 hrs ea 

(avg) 

Testing of community members’  
water.  

48 Students                   9 
home/well owners   28      
Renter w/ utility      20                  

Degree holders        29  
Non-Degree              19 

21.5 hrs 

Educational Outreach for well owners 20 Students                   8 
home/well owners   10      
Renter w/ utility      10                    

Degree holders        9   
Non-Degree              11 

2 .5 hrs 

(avg) 

Testing of soils surrounding the site 
and talks with experts and regulatory 
officials.  

16 Students                   7 
home/well owners   8      
Renter w/ utility      8                    

Degree holders        8   
Non-Degree              8 

4 .5 hrs ea 

time 

Sampling of water for others who 
were unable due to age or illness  

14 Students                   8 
home/well owners   7      
Renter w/ utility      7                    

Degree holders        6   
Non-Degree              8 

2 .5 hrs 

Participation in laboratory testing   10 Students                   8 
home/well owners   8      
Renter w/ utility      7                    

Degree holders        5   
Non-Degree              5 

2 .5 hrs ea 

avg 

Conducting the pilot study tasks for 
water treatment suggested by The 
U.S. EPA.  

12 Students                   8 
home/well owners   8      
Renter w/ utility      7                    

Degree holders        9   
Non-Degree              8 

6 .5 hrs per 

time 

Participants taking surveys reflecting 
their interest and activities 
before/after CE 

20  Students                     8  
home/well owners     11     
Renter w/ utility          9                    

Degree holders        9   
Non-Degree              11 

0.5 hrs 

Formation of a Community based 
watchdog or hawk group   

4 Students                   2 
home/well owners   2      
Renter w/ utility      2                    

Degree holders        2   
Non-Degree              2 

5 hrs 

Table 4.4 Community Engagement Activities: Participant Category Attendance & Time 
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and awareness of those reviewing the documents. Many documents were found to be  

very revealing. In particular the letters written by the PRP and various lawyers stirred 

emotional responses from several participants who seemed surprised at the discovery of 

the contamination and the responses of those involved from letters that were in the 

ADEQ and EPA files.   

 

2. Group discussions regarding previous work and current plans 

Six Group Discussions were attended by participants where there were explanations of 

what the historical documents meant, how to interpret laboratory results, and how to 

have water tested or how participants could test their own water. Descriptions of 

previous work and EPA decisions were addressed.  There was a question and answer 

forum at the end of each group meeting. Over 50 participants were present total 

including all six meetings. The attendance numbers per meeting are below. 

Date Location Number Attended 

12-15-15 Benson Library 9 

3-17-16 1st Baptist Church 13 

7-29-16 Saint Dominic’s 10 

2-22-17 St. David LDS Church 14 

8-12-17 Denny’s 8 

2-25-18 Pomerene Church 7 

                                     

 

 

 

Table 4.6 Small group meetings summary 
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3. Sampling of riverbed and perimeter areas (local community college students) 

In the late fall of 2015, seven students from the general chemistry class of Cochise 

College as well as nine students from the spring class of 2016 gathered to take samples 

for the study. This activity was attended by students mostly but some of their family 

members or friends as well.  Many were non-traditional students including a local 

attorney and resident of Cochise County who had become an engineering student after 

retiring from law. The participants and author met on two consecutive Saturdays and 

sampled locations that had not been represented in former sampling strategies to 

confirm there were no significant contaminants present above MCL levels. The author 

provided maps as the groups entered the riverbed and samples were taken by the 

participants.  They were also instructed to take samples of any sediment, soil or water 

that appeared discolored, stained, unusual, or with an odor.   

 

4. Meetings to evaluate of laboratory testing results  

Small group meetings that met mainly in homes or churches involved interpreting, 

explaining, and descriptions of how the laboratory results were arrived at. These 

meetings also explained the instruments and methods used in obtaining results in a 

laboratory as well as the limitations such as detection limits and what the 

instrumentation or methods were not capable of.   Laboratory reports were generated 

after testing and the recipient of the laboratory results generally hosted the meeting 

where their own water testing results were explained to them. The times and number of 

people present during the discussion and the number of persons living in the home are 

listed below.   
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Table 4.7 Testing results meetings summary 

Location of Meeting To Discuss  

Water Testing Results 

Date People 

present 

during the 

discussion  

Number of 

People in the 

home 

Participants  Home (address withheld for privacy) 10-15-15 2 2 

Participants  Home (address withheld for privacy) 11-22-15 2 4 

Participants  Home (address withheld for privacy) 12-27-15 2 3 

Participants  Home (address withheld for privacy) 7-1-16 1 4 

Denny’s Restaurant in Benson AZ 8-14-16 2 2 

Participants  Home (address withheld for privacy) 9-15-16 2 2 

Participants  Home (address withheld for privacy) 10-19-16 3 4 

Participants  Home (address withheld for privacy) 10-21-16 2 2 

Participants  Home (address withheld for privacy) 12-12-16 2 2 

Participants  Home (address withheld for privacy) 7-15-17 1 1 

Participants  Home (address withheld for privacy) 8-18-17 1 1 

Participants  Home (address withheld for privacy) 9-11-17 1 2 

Participants  Home (address withheld for privacy) 10-16-17 2 2 

Denny’s Restaurant in Benson AZ 11-15-17 3 4 

Participants  Home (address withheld for privacy) 11-15-17 2 3 

Participants  Home (address withheld for privacy) 12-15-17 2 3 

Participants  Home (address withheld for privacy) 1-15-18 3 3 

Participants  Home (address withheld for privacy) 2-15-18 4 4 

Denny’s Restaurant in Benson AZ 2-15-18 3 4 

Participants  Home (address withheld for privacy) 3-15-18 2 3 
 

 

5. Testing of community members’ own water; college students collected samples 

for elderly, disabled or ill and Environmental Health Literacy (EHL)  

There were 14 samples taken or tested for community members who were disabled or 

unable due to conditions. Ten of thee were brought back to the laboratory for testing and 

four were tested by kits in the home. Some younger members of the participant groups 

went to elderly participants’ homes and collected water samples from wells, faucets and 

garden hoses. These younger participants were also useful in assisting in the testing of 

those same samples by either using kits or by bringing them to the laboratory and 

assisting the primary investigation in EPA Methods of analysis for the testing of the 

water. The testing was performed by chemists while being assisted by students and 
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other participants who wanted to know more about how a laboratory performs these 

analyses. 

 

6. Educational outreach for well owners 

Several well owners of the vicinity of the Superfund site attended meetings that were 

either part of the University of Arizona Extension activities or that were held in small 

private settings. These individuals were family, extended family, friends and neighbors 

of the investigator or his family’s ranch near the ANPI plant. Meetings attended were 

either those held by Dr. Janick Artiola, a private well owner specialist acting on behalf 

of the University of Arizona Extension, or by Patrick Rundhaug a Ph.D. candidate, in 

private homes near the site. Activities included discussions such as based on the water 

quality at the home, type and frequency of the testing that should be performed, and 

proper well maintenance and related topics to well ownership. Materials that had been 

prepared were passed out including the contact information of certified water testing 

labs, well drilling and maintenance companies and best practices tips. Suggestions on 

well to suspect contamination issues was also printed and passed out to the participants. 

The meetings places were homes (address withheld for privacy) but also University of 

Arizona South Campus in Sierra Vista on Colombo Drive. Two meetings were also held 

in the Chemistry building at the main campus of the University of Arizona.    

 

7. Testing of soils surrounding the site and talks with experts and regulatory 

officials.                                                                                                                               

Sampling of water and soils was conducted by local college students and others in the 
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same manner as described above in sampling of riverbed samples in activity number 3. 

There were eight points in or around the riverbed where sediment or soil samples were 

taken. These corresponded largely to bends in the river. There were also water samples 

taken from monitoring wells, a discharge pipe into the northern wash, and nearby 

private wells. These samples were based on the information received from regulatory 

officials who suggested ideas of where some definition of the contamination could 

possibly need additional detail. The samples were taken in EOPA approved containers, 

were sealed, using preservatives such as blue ice and coolers, and chain of custody 

forms were used by the samplers who then transported the samples to the laboratory. All 

procedures were within accordance of EPA and ADEQ sampling and transportation 

guidelines as outlines in SW-846 or ADWR and ADEQ Policies and Procedures. The 

sampling occurred on three consecutive Saturdays in December 2016 and approximately 

8 individuals were present each time. Fifty five percent were college students in 

chemistry. 

  

8. Participation in laboratory testing   

Five students out of twenty one were exceptionally interested in chemical laboratory 

testing and came to the laboratory to watch. Assist in preparation and to actually run 

samples as a duplicate action after they were tested by the primary investigator first.  

The author noted modern instrumentation and test methods that chemistry and biology 

students were very interested in.  These were mainly individuals who were/are 

interested in become laboratory workers in the future. 

 



116 

 

 

9. Conducting the pilot study tasks for water treatment for U.S. EPA.  

This activity was attended by five individuals who wanted to see how a scaled up (in 

size) reactor could be placed on a site and tested for effectiveness. The students and 

other community members (including one engineer) assisted in turning on valves, 

electrical components, pacing the reactor on the suite, building the reactor and collecting 

samples from influent and effluent streams connected to the reactor.  

 

10. Participants taking surveys reflecting their interest and activities before, 

during and after the entire engagement process. 

After all the engagement activities had concluded, it is hypothesized that the participants 

had recent experiences that may have impacted their viewpoints, interest, knowledge 

and motivation to be involved.  The goals of the study were to impact four key areas: 

Knowledge, Attitude, Motivation; and Behaviors (Activity).  While their experiences 

and memory of the community engagement process was still fresh, the participants were 

surveyed to measure the impact of these areas. The survey used at the end of this 

engagement project can be seen in Appendix A.  

The survey given to participants was designed by the research team to effectively 

measure the outcomes of the  CE  project as a whole. Hence, it was not distributed until 

every activity was complete.  This was achieved with a Likert Scale survey that 

included numbers characterizing a range of ‘Strongly Disagree’ to ‘Strongly Agree’. 

Those numbers were then used to perform statistical analyses on the results to find 

averages, medians, and variations such as standard deviation.  This is standard 
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procedure for analyzing this type of data from subjects of a CE study. The results are 

found in the following section titled “Results, Conclusions and Discussions”.   

Some additional questions were crafted whose responses were not set up for numerically 

measured input or statistical analysis. These questions were purely qualitative and not 

quantitative in nature. The questions were used to quote specific citations from the 

participant to substantiate and validate observations and conclusions drawn from the 

study.   

The surveys were provided after all engagement activities were completed and over. 

The surveys were handed out during small group meeting that met specifically for the 

purpose of proving feedback about their experience. This was voluntary.  All 

participants consented and signed the form found in Appendix F. The post assessment 

activity was approved by the University of Arizona Institutional Review Board (IRB) 

which oversees that all research is performed in an ethical manner. The participants 

were instructed to complete every question and be as thorough as possible. The survey 

was offered to 36 participants who were available to complete it but only 20 were able 

to commit to completing the survey.  They were not limited in time. Participants spoke 

during the activity of filling out the surveys and occasionally asked questions.  They all 

turned in the survey at the end of this activity. 

 

11. Formation of a community based watchdog or hawk group   

As a serendipitous and spontaneous reaction to other engagement activities, three 

members of the participant group met with the author to plan and strategize how to form 
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and run an environmental stewardship group that would serve as a watchdog group for 

the community, report to other participant members and organize events that would 

keep the environment clean and beautiful while discouraging contamination from any 

industry or individuals in Cochise county. 

Demographics of participants 

Different groups or segments of this society were defined from the surveys and the personal 

markers asked of the participant types of individuals in the studied to determine the impact of the 

community outreach among different types or classes of people divided by educational level. 

Demographic information sheet cover pages are attached to the front of these surveys to identify 

the group(s) participants fit into but once those were removed, no identifiable markers remained 

on the surveys. The project included undergraduate college students from the local college, 

Cochise College, local residents, and ranchers who are not in the “college educated” category and 

working professionals who possess college degrees. All subjects were from Cochise County within 

the nearby surrounding area of ten miles in radius to the Superfund site. 

The CE study was conducted in multiple phases that were approached in a specific chronological 

order. The following attached outline describes the step by step process in the appropriate but 

approximate chronological order. May of the activities overlapped timewise. The participants of 

the CE activities were found to closely match the demographics of the City of Benson. There were 

90% who identified as Caucasian with under 5% Asian, Black or Native. Roughly 10% identified 

with Hispanic heritage. A total of 22 students were involved, and 48 home owners as well as 26 

non owners. Almost 60% identified as holding college degrees including some of the students who 

largely non-traditional, older than 25 and financially secure. 
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Approximate 

Timeframe 

ACTIVITY 

Fall of 2015 Review of historical site documents and previous work or results 
generated  

Spring of 2016 Sampling of riverbed and some wells 

Fall of 2016 Sampling of water at residences 

Spring of 2017 Group Meetings; sampling of disabled volunteers 

Fall of 2017 Private water sampling collecting and testing 

Winter of 2017 Meetings with well owners and residents for results discussions. 
Pilot Study Conducted  

Spring of 2018 Additional pilot study work; Surveys conducted. 

                                   Table 4.8 Chronological order of activities 

This project was approached by first conducting historical research of and interviews of residence, 

were tight, regulators, personnel, and other officials. After this, additional site characterization 

work occurred with local college students that assisted in sampling in and around the San Pedro 

River bed near the site which borders and goes through the Apache nitrogen products site. The 

river flows from the southwest corner eastward along the southern border of the APNI plant 

property and veers northward to run along the eastern border of the property.  

The research project included testing and evaluating several different kits that are available for 

purchase. The testing of these kits helped to determine their accuracy, their ability to look at low 

detection limits, the ability of community members to use them, and their consistency.  After 

evaluating test kits by testing the water and comparing those results to actual laboratory results 

with full laboratory grade spectrophotometers, ICP, and other similar instruments.  
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After evaluating test kits by testing the water with laboratory analysis and comparing the results, 

a list was compiled of test kits that are adequate and accurate enough to be used near the site by 

ranchers and residence within the geographical area of the site for future use by permanent 

residents.  The residents and ranchers of concern will be those whose water may be contaminated.  

They were contacted by the research group and the research group reached out to these individuals 

at community forums including the local high school, the college (Cochise College) and the local 

public library. One goal of the community outreach group meeting events was to inform, educate 

and to show the local community how to test their own water using these kits.   

Various methods of treating the water in removing perchlorate or nitrates, or other nitrogen 

products and possibly having metal were assessed various filtration processes, reverse osmosis or 

new innovative technologies to treat these contaminates. The development of a new potential 

method to treat perchlorate on a site was eventually developed.  This treatment process involves a 

packed column with zero-valent iron which would allow ranchers to treat their water and reduce 

perchlorate chloride by themselves with a small packed reactor which would produce several 

gallons of treated water per minute and could be used for livestock with greatly reduced levels of 

perchlorate.  

After all the engagement activities had concluded, the participants had recent experiences that 

they may be able to draw from. Many different factors and experiences undoubtedly molded 

their viewpoints, interest, knowledge and motivation to be involved.  While their experiences and 

memories of the process were still relatively recent, the participants were surveyed to measure 

the impact of these areas. The survey used can be seen in Appendix A.  
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The questions of the study survey were designed by the researchers to attempt to calculate 

differences from “before” participating in activities to “after” participating in them. Some 

questions were crafted just to get a written evaluation from the respondent about an activity or 

their point of view regarding their activities, the CE process, or their knowledge to determine if 

any new insight was gained.                                                                                                                  

Methods for measuring impacts          

Since specific impact goals for the study were of particular interest, the questions were crafted to 

ask about direct-effects from the participants and ask them to rate those effects.  The use of 

questions asking how many times the participants actually attended or were involved in activities 

or desires before and after the activities of the CE project were also used as a means for 

measuring quantitatively.  The surveys and accompanying questionnaire asking for comments 

yielded specific outcomes that confirmed, in many cases, effects that were directly hypothesized 

to occur before the study began.                                                                                        

Methods for ZVI developments and pilot study 

These experiments utilized a flow-through or plastic or glass column with contaminated natural 

ground water to consider the effective representation of treating groundwater at sites that have 

perchlorate readily detectable in levels that could be measured before and after treatment and 

what may be representative of true field sites. Aqueous perchlorate is known to be highly stable 

under ambient conditions and, because of its high solubility in water, the conventional treatment 

techniques such as carbon adsorption and ultra-filtration are found to be ineffective in removing 

perchlorate [8].    
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Thermodynamically, it appears that ClO4
- can be reduced to Cl- with a suitable reductant. Below 

is the step by step process that leads to the final chloride ions with a net, summary equation 

below showing the overall process from the starting to ending points 

 

   Reduction Reaction       Eo 

  (1) ClO4
- + 2H+ + 2e-  ClO3

- + H2O  1.226 

(2) ClO3
- + 3H+  + 2e-  HClO2 + H2O  1.157 

(3) ClO3
- + 2H+ + e-  ClO2 + H2O   1.130 

(4) ClO2 + e-  ClO2
-      1.068 

(5) HClO2 + 2H+ + 2e  HClO + H2O   1.674 

(6) HClO + H+ + e-  1/2Cl2(g) + H2O   1.630 

(7) ClO3
- + 6H+ + 5e-  1/2Cl2(g) + 3H2O  1.458 

(8) Cl2(g) + 2e-  2Cl-      1.360                .  

Overall Reaction         ClO4
- + 8H+ + 8e-  Cl-  + 4H2O (Summarized)                    

 

The purpose of this experiment was to study the application of elemental iron as a reductant to 

completely reduce ClO4
- to Cl- at atmospheric pressure and room temperature in both batch and 

scaled-up systems with varying conditions and preparations employed.  The study was to focus 

first, on the practical use of iron as a useful reductant at remediation sites, and second, how the 

four varying factors employed would enhance or inhibit the efficacy of the process. With iron 

being commonly used as a reductant for chlorinated hydrocarbons (Gillham and Tratnyek), it is 

important to establish whether iron might be a suitable reductant for perchlorate in a real-world 
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site scenario with pumping of groundwater into a recirculating column reactor that could be 

effectively used as a remediation technology on-site.   

In our study, the first experiment shows how iron powder can be used to reduce ClO4
- to Cl-.  

The second experiment used iron chips in a zero-headspace glass column to reduce ClO4
- to Cl- 

while recirculating through a column reactor.  Particle size, size distribution, and surface 

composition are the factors that have been previously characterized and studied to determine a 

useful and suitable iron particle source for reduction [41].  Iron nanoparticle technology is 

considered to be among the first generation of nanoscale environmental technologies [39]. These 

simple and effective methods that completely reduce perchlorate to chloride have significant 

potential of being scaled-up to efficiently remediate large quantities of perchlorate in 

contaminated waste water.  Unfortunately, these sites often also have nitrates present from 

ammonium perchlorate and ammonium nitrate production and/or use at the same facilities.  Our 

site included both of these and many other nitrate products as well since the Superfund Site is a 

nitrogen products producer, especially fertilizers and explosives as well as a rocket propellant for 

military and NASA applications. When there is nitrate present in ionic form, NO3
– inhibited 

ClO4
– reduction by competing for the scarce electron donor [38]. Surface area, readily available 

surface sites, increased residence time, quality of iron from vendors, and eliminating competition 

from the presence of nitrate or oxygen were all explored.  The four variations of the treatment 

process used in this study were designed to measure different variations on the efficacy of the 

process.  To study this the following was varied (1) amount of HCl treatment of the iron particles 

used to increase surface area; (2) residency time in the recirculating reactor column; (3) type of, 

and characteristics of the iron produced by different vendors; (4) precipitating out the sulfates 

and phosphates to prevent competition for reduction, and (5) purging the groundwater sample 
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with helium to deplete the dissolved oxygen content in order to decrease oxidative competition.    

    

     The study was divided into two parts: the first was a laboratory batch experiment and several 

recirculating column experiments varying different factors. The variables that were altered 

throughout the experiment included the following: 

1. Purging the water with helium versus non-purged DO laden water;  

2. Degree of HCl (acid) washing (time = 1 hr, 10 hrs, 24hrs);  

3. Changing particle characteristics from different vendors such as shape and size;  

4. Removal of competing sulfate and phosphate by precipitation 

5. Residence Time (how long the water was exposed to the iron in the column reactor)  

The batch experiment was carried out as follows.  A 25 ppb aqueous solution of NaClO4 

solution, was prepared with 18.3 megaohm deionized water.  10g of iron particles (<10 micron, 

99.9+%, from Aldrich, Milwaukee, WI) were placed in a 250mL Erlenmeyer flask and 75mL of a 

6M HCl solution were added to the flask.  The contents of the flask were mixed for 15 minutes with 

the aid of a mechanical shaker.  After 15 minutes, the aqueous phase was removed and an additional 

75mL of the 6M HCl solution were added to the flask and the contents of the flask were mixed for 

15 minutes.  Acid treatment of iron filings previously significantly enhanced the reduction of 

perchlorate and affected the rate as well of the reduction as well [36].  After the second washing, the 

iron particles were rinsed three times with about 200mL of 18.3megaohm deionized water.  50mL 

of the 50 ppb NaClO4 solution were mixed with the treated iron particles for 1.5 hours.  After 

mixing, the reaction solution was separated from the iron and placed in a 150mL beaker and the 

particulates were allowed to settle to the bottom of the beaker.  The liquid contents of the beaker 

were suction filtered with No. 3 Whatman filter paper in order to remove most of the particulate.  
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The filtered reaction solution was reduced to a volume of 10mL by evaporation.  This 

experiment was performed in triplicate using three different iron particles. One was from U.S. 

Steel, the next two were from Adlrich chemical and were “iron chips” (99.9%, Sigma-Aldrich, 

Milwaukee, WI and 99.9%, Alpha Aesar, Ward Hill, MA) approximate range of size was 

0.0625x0.0625 inches). 

The column experiment was carried out as follows.  Figure 1 is a schematic diagram of the zero-

headspace column used to demonstrate a scaled-up iron reducing system for the reduction of ClO4
-.  

It is a glass column six inches tall, one and-a-half inches in inner diameter and has a volume of 

approximately 400mL.  The column was filled with 1.5 kg of iron chips.  The iron chips (99.9%, 

Sigma-Aldrich, Milwaukee, WI and 99.9%, Alpha Aesar, Ward Hill, MA) ranged in size from 

0.0625x0.0625 inches to 1x1 inches in area and less than 0.125 inches thick.  The chips were 

washed twice in 6M HCl for 30 minutes to expose a significant amount of pure iron on the surface 

of the chips.  The chips were then rinsed twice with 18.3megaohm deionized.  The total surface area 

of these chips is approximately 2500cm2.  After the initial treatment, the same experiment was 

conducted but only after the groundwater was purged with helium for fifteen minutes at a flow rate 

of 30mL/min. The next step was to follow the same procedure using the purged water but exposing 

it to the iron column for one hour, ten hours and 24hrs respectively.  The next experiment with the 

purged water recirculating for 24 hours included washing the iron particles with HCl for fifteen 

minutes versus one hour to determine if the washing of the surface improved the performance by 

increasing the surface area or by some other means.  

A 25ppb aqueous solution of NaClO4 was prepared with 18.3megaohm deionized water.  

Approximately 250mL of the solution was allowed to circulate through the column for 24 hours 

with a Gorman-Rupp, 25 watt, 0.38 amp pump (Bellville, Ohio), at an approximate flow rate of 
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7500mL per minute.  After 24 hours, the reaction solution was separated from the iron and placed 

in a 150mL beaker and any particulate were allowed to settle to the bottom of the beaker.  The 

liquid content of the beaker was suction filtered with No. 3, Whatman filter paper in order 

                                                                     

 

Figure 4.1 

Recirculating Closed-Loop Zero Headspace Column System For the Reduction of Perchlorate  
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to remove most of the particulate.  The filtered reaction solution was reduced to a volume of 

10mL by evaporation.  This experiment was performed twice. 

All samples were analyzed for ClO4
- and Cl- by ion chromatography [55].  A Dionex DX-500 ion 

chromatography system was used (Dionex Corp., Sunnyvale, CA.).  This included a GP40 

gradient pump, CD20 conductivity detector, and an AS40 autosampler with a 1mL sample 

volume.  An IonPac AS11 analytical column (4x250mm) with an IonPac AG11 column guard 

was used and was maintained at room temperature.  An IonPac AS 6 column was used for the 

analysis of chloride. A calibration curve for perchlorate was obtained with the five following 

standard solutions of NaClO4: 100, 50, 25, 12.5, and 6.25ppb.  The limit of detection (LOD) of 

perchlorate for this system is approximately 0.5ppb.  A calibration curve for chloride was 

obtained with the five following standard solutions of NaCl:  50, 25, 12.5, 6.25 AND 1.0 ppb.  

The LOD of chloride for this system is also approximately 0.5ppb.  For the analysis of 

perchlorate, the mobile phase consisted of 100mM NaOH and was maintained at a constant flow 

rate of 1mL/min.  For the analysis of chloride, the mobile phase consisted of 500mM NaOH and 

was maintained at a constant flow rate of 1mL/min. 

Chemical reaction modeling 

Chemical reaction and speciation modeling was performed using the online program Visual 

MINTEQ version 3.1  Visual MINTEQ is a software chemical equilibrium model for the 

calculation of metal speciation, solubility equilibria, sorption etc. for natural waters. It combines 

state-of-the-art descriptions of sorption and complexation reactions with easy-to-use menus and 

options for importing and exporting data to/from Excel.  The code, originally built on 
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USEPA’s MINTEQA2 software, is maintained by Dr Jon Petter Gustafsson at KTH, Sweden, 

since 2000.  It aides in calculating or predicting all reactions that will occur with the known 

constituents inputted by the user.  In this study, the modeling utilized the addition of BaCl2  to 

the groundwater with perchlorate to determine if barium sulfate and barium phosphate would 

precipitate out of solution. As predicted, substantial amounts of these compounds did drop out of 

solution. Further, the model was used to predict how much BaCl2 would be needed to precipitate 

these compounds and at what point would there be excess Ba (generally in ionic aqueous form) 

left over that would be undesirable in the reaction process. Since barium can be toxic and the 

recommended MCL is 2 ppm, eliminating any excess Barium not removed from precipitation 

had to be achieved.  It was found this is best controlled by adding only about 90% of the 

predicted amount needed to precipitate the majority of the competing sulfate and perchlorate.   
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CHAPTER 5     

Results and Discussions 

 

 

 

 

Results of historical site investigations 

After the detailed examination of previous site investigations and historical documents were 

examined, it appeared that in certain locations or geographical areas the potential contamination 

within and around the Superfund site may not have been well defined.  Although exterior 

sampling locations appeared to border outside the contamination, several areas between those 

points were not sampled in close proximity. Vertical and horizontal extents of contamination 

were sufficiently defined.  However, there are two locations where the San Pedro River enters 

the ANPI property and then exits with its flow pattern from south to northwest. Because of those 

intersections, the proposition of sampling and analyzing San Pedro riverbed sediment samples 

downstream from the plant seemed prudent. This would serve as confirmation that some existing 

contamination didn’t elude previous site characterization and feasibility studies.  Technically, 

placing four boreholes outside a delineated area of contamination is sufficient to serve as 

defining the north, east, west and south boundaries of existing contamination.  However, it is 

possible for contamination to exist between these points and therefore it is prudent to have 
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additional sampling points and locations.  Additional sampling in these areas served to test 

whether there was contamination where it was not expected, and to demonstrate to CE 

participants how sampling, preservation, and transportation is properly conducted. It also served 

to demonstrate the proper use of chain-of-custody forms for those involved along with the 

rationale of choosing specific locations of sampling during site characterization activities.     

The results of the sampling and analysis did not reveal any unexpected perchlorate 

contamination in new areas (See Lab results in Appendix C).  However, it was determined that 

groundwater and drinking water from nearby wells contained levels of nitrate that were either at, 

or above EPA’s MCL levels for nitrate throughout the area and throughout Cochise County (see 

FieldScope Map results).  The water testing was a part of the community engagement as was 

additional sampling to supplement the entire picture of existing levels of contaminants found at 

Apache Powder. These activities were designed to supplement the overall conceptual model of 

contamination and participant understanding of existing levels of contaminants found at Apache 

Powder.  It has been noted by Dr. Janick Artiola who is a University of Arizona Cooperative 

Extension Water Quality Specialist that nitrate (as Nitrate-N) levels can exist in excess of 10 

mg/L in Arizona’s groundwater (GW) sources. High nitrate levels in GW may be due to 

naturally occurring deposits present in some desert soils, due to decades of agricultural activity 

(fertilizer use), or to septic systems. Livestock have also been present in the area for centuries.  

Additional samples yielded no determination of contamination in any further extent than 

previously defined except for finding nitrate water levels significantly above the EPA MCL in 

nearly every water sample from the Saint David / Benson area. The sampling and analysis 

performed evaluated the outer boundaries that had been established and defined from previous 
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work [136] since multiple wells are above the MCL. The results of these samples are found in 

Appendix C titled Additional Site Testing Results and on the Fieldscope map.  Laboratory 

reports and site characterization and assessment documents are also attached.  The map showing 

these specific sampling locations is found in Appendix G (Site Maps).  

 

These activities proved a significant event in changing the perspective of many participants.  It 

gave them a concrete way to relate to site characterization activities that had occurred and how 

the reports were prepared and gave them insight on how the process of collecting this data really 

happens. Participants understood how and why samples were collected in the containers they 

were, why they were preserved, how to take a representative sample, how to make blind splits, 

duplicates and blanks as well as travel samples that were blanks or had surrogate spikes.  They 

learned extensive use of a chain of custody, its significance and importance to the legal 

documentation procedure. 

 

Results and impact of engagement efforts 

Many of the questions on the survey asked for the participant to choose a numerical assignment 

representing how strongly the participants agreed with the statement. Statistics of the survey 

questions where numbers were, or could be assigned, are found below.  The number of the 

respondent’s answer corresponds to the following statistics where a mean (average), median, 

range and a standard deviation were calculated. Differences of these numbers reported by the 

participants from before and after the engagement period would indicate whether significant 

changes occurred.  
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Reported  Answers By Participants In Survey Form 

Legend 1=Strongly Disagree 2=Disagree        3=Neutral          4=Agree       5=Strongly Agree 

(Above 3= A Positive Impact Measured)  

                       QUESTION POSED AVG MEDIAN RANGE STD 

DEV 

Before the Engagement Project, I wanted to be informed, and 

know about the Apache Powder contamination (1) 
1.46 1 1-3 .743 

After the Engagement Project, I wanted to be informed, and 

know about the Apache Powder contamination (2) 

 

4.26 4 3-5 
.383 

 
Before this Engagement Project, I thought about or considered 

getting bottled water or putting a filter system on my water 

faucet because of contamination (3) 

1.11 2 1-3 .721 

After this Engagement Project, I thought about or considered 

getting bottled water or putting a filter system on my water 

faucet because of contamination (4) 

3.32 4 3-5 .756 

Before the Engagement Project, I wanted to be                        

informed, and to know about any other contamination in and 

around my community (5) 

 

1.24 2 1-3 .734 

After the Engagement Project, I wanted to be                                                                                       

informed, and to know about any other contamination in and 

around my community (6) 

 

3.91 4 3-5 .758 

Since the Engagement Project, I feel I now know how to reduce 

my family’s exposure to contaminants (7) 
4.16 4 3-5 .745 

Before the Engagement Project, I was aware of the concept of 

Environmental Justice and its relevance to our community (8)  
1.42 2 1-3 .743 

After the Engagement Project, I was aware of the concept of 

Environmental Justice and its relevance to our community (9) 

 

4.51 4 3-5 .719 
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                       QUESTION POSED AVG MEDIAN RANGE 
STD 

DEV 

After this Engagement Project, I thought about or considered 

getting bottled water or putting a filter system on my water 

faucet because of contamination (10) 

4.04 4 3-5 .756 

Before the Engagement Project, I was aware of and in 

agreement with regulatory actions at ANPI (11)  
1.90 2 1-2 .123 

After the Engagement Project, I was aware of and in agreement 

with regulatory actions at ANPI (12) 
3.14 4 3-5 .566 

Before the Engagement Project, I was involved in environmental 

stewardship activities or “environmental watchdog” activities  13 
1.43 2 1-3 .743 

Now that I have completed the Engagement Project, I have now 

become active in environmental watchdog efforts or environ-

mental stewardship activities since this engagement process (14)               

3.89 3 1-5 .647 

Even if I haven’t become involved yet, I have                                                                                

more interest in being  involved in environmental                                                                                              

stewardship or watchdog activities   (15)                                                                                   

3.34 3 1-5 .714 

Now that I have completed the Engagement Project, I am more 

interested in being active and involved in contamination issues 

in or around our community that may affect me or my family (16 

4.68 4 2-5 .812 

Now that I have completed the Engagement Project, I have 

shared my information, test results OR new knowledge with others 

regarding this or other contamination issues as a result of this project              

4.22 4 2-5 .334 

Since this Engagement Project, I better understand contamin- 

ation and lab reports from environmental                                                                                         

assessments and water quality/well water testing    (18a) 

3.44 4 3-5 .434 

Before this Engagement Project, I understood contamination 

and lab reports from environmental                                                                                     

assessments and water quality/well water testing    (18b) 

 

1.12 2 1-3 .674 

Since this Engagement Project, I am more equipped with 

information to make decisions about protecting me/family from                                                                                                  

contamination health effects since this engagement and will 

likely use it in the future (19) 

4.65 4 2-5 .674 
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                        QUESTION POSED 

How many times have I shared my information or knowledge 

with others before the CE project (20a) 
1.53 2 1-4 .748 

How many times have I shared my information or new 

knowledge with others since the CE project (20b) 
3.84 4 2-5 .722 

Before this engagement project I attended the following 

number of meetings regarding the Apache Powder 

Contamination  (21) 

1.00 1 1 .00 

Before the CE project, the times l reviewed information, or 

engaged in any test results review activity regarding 

contamination in my community (22) 

1.44 2 1-4 .614 

After this Engagement Project, I attended the following number 

of information meetings regarding the Apache Powder 

contamination   (23)                                                                                              

4.09 3 1-5 .713 

Before this Engagement Project, I read the                                                                                                            

following number of documents or lab reports                                                                                 

regarding the Apache Powder Contamination (24)                                                                               

or related consequences                     

1.23 2 1-3 .722 

Since this Engagement Project, I reviewed the following number 

of documents or lab reports regarding the Apache Powder 

Contamination or related consequences (25) 

 

4.12 3 2-5 .788 

After the Engagement Project, the number of times I looked at 

documents, read information, or engaged in any activity 

regarding contamination in my community (26) 

4.88 4 3-5 .322 
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4.9 Summary of Responses Reported 

Question Answered 

YES                 

%            

No. of 

yes 

Answered 

NO                       

%           

No. of 

No 

27. Prior to being engaged in this Engagement 

Project, I tested, or had a lab test my water or soil 

or air?      

95% 19 5% 1 

28. Once being engaged in this Engagement 

Project, I tested, or had a lab test my water or soil 

or air?             

90% 18 10% 2 

29. I feel I am better equipped with useful 

information to make decisions about protecting 

yourself/family from contamination health effects 

%since this engagement process/ activity.                  

95% 19 5% 1 

30.  I feel that I better understand how human 

exposure to contamination can occur                      

85% 17 15% 3 

31. I am concerned about my water testing 

results                                                                                      

75% 15 25% 5 

32. Now that you have completed the 

engagement project, do you feel more equipped 

to make decisions about protecting yourself (or 

family) from health- related issues related to this 

and other contamination? Please explain. 

95% 19 5% 1 

33. If you were to consider moving or buying a 

house for your family, would you consider look up 

whether the home is near a contamination? 

90% 18 10% 2 

34. I feel confident understanding and reviewing 

what The Environmental Protection 

Agency/Arizona Department of Environmental 

Quality or other regulatory enforcement agencies 

have done/are doing at this contaminated site.  

70% 14 30% 6 
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35. In terms of the water you choose to use, what do you plan to do differently/or have you 

done differently since this Engagement Project?                                                                                       

ANSWERS REPORTED 

%        No.            Action 

_70% (14)____  Use bottled water   (100% of the ones with elevated Nitrate above MCL)                                                       

_20% (4)_____  Get a water purification system                                                                                                                   

____________  Get water elsewhere like a neighbor/family/friend                                                      

____________  Other     please  explain _____________________                                                                

_10% (2)_____  No change 

 

36. How could you be exposed to pollutants from the Apache Powder Superfund Site? Select 

ALL that apply. 

Result Reported                                                                                                                                      

_100%( or 20)__ Water    _65% (or 13)__ Soil    __80% (or 16)__ Air  __0 Other 

37. What would you do to reduce you and/or your family’s potential exposure to pollutants 

from the Apache Powder Superfund site?                                                                                                 

Result Reported                                                                                                                                       

__10% (2)__ Move to a different residential address                                                                                                        

__(25% (5)___ Keep my children inside                                                                                                                                      

__(15% (3)___ Use more air filters in the house                                                                                                                        

__(10%) 2___  Buy a new air purification system                                                                                                                     

__10% (2)___  Do nothing  

___5% (1)___ Other. Please explain: Reported: “Get away with a vacation” 

 

38. I feel it is important for there to be equality sharing in the burdens and the benefits of 

industry or governments activities that eventually result in contamination in my community and 

those across the entire United States? 

RESULTS REPORTED        100% yes       0% no    

Questions 39-44 were qualitative in nature and asked for descriptive results, such as 

explanations or descriptions without any numerical values reportable.  
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Effects of the engagement activities were found to  have an impact on the attitude, knowledge, 

interest, motivation, and environmental stewardship of participants.  

These results are demonstrated in the following tabulated statistical analysis of survey answers. 

The following differences are reported for the groups as the above categories of by categorizing 

the questions. Survey questions were designed to fit into one of these five so that an overall 

assessment of each of these five categories was calculated and discussed. In some cases, 

questions applied to more than one category. Twenty participants answered the survey questions.  

The Wilcoxon signed-rank test determined that there was a statistically significant median 

increase in activities participated in (1), participants’ self-rankled understanding of issues (2), 

sharing of information (3), and environmental stewardship efforts (3) that they were involved in.  

(This assessment was made using the program/platform ‘Minitab’ to calculate the W value and 

determine statistical significance.) 

These statistical calculations are presented below  

(Please see the survey used in Appendix A appended after this chapter) 

Use of the Wilcoxon Signed-Rank Test  

 

In order to determine if there was a statistical dfference of the “before” and “after” answers, the 

answers were analyzed using the Wilcoxon sign-rank test.  This is a version of the dependent 

samples t-Test that can be performed on ordical (ranked) data. Here are the steps that were used. 

1. Define the null and alternative hypotheses 

2. State the Alpha 

3. State the decision Rule 

4. Claculate the test statistic 

5. State the result 

6. State the conclusion 
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Step One: Define Null and altrnative Hypothesis: 

In this case we used the folllowing hyptheses: 

Ho: = there is no difference between the “before” and “after” answers. 

H1:  = there is a difference between the “before” and “after” answers. 

Step Two: State the Alpha 

Alpha is set to 0.05 

Step Three: State the Decision Rule: 

From a Z distribution using 20 survey takers, a critical Z  has to be established. For this case, a 
value of 1.96 is arrived at and thus the decision rule is if Z is greater than 1.96 or less than -1.96 
we will reject the null hypothesis.  

Step Four: Calculate the statistic   

Using an alpha level of 0.05 to determine if there is a statistical difference between the before 
and after results, and after ranking all the differences we use the summation of those rankings 
and we used the value of T and n to determine Z values of each difference. 

Calculate T for the result and n= number of answers  

Then put those into the following equation to determine  a calculated Z: 

 

Step Five: Determine the result   

Detrmine (or compare)  if Z is outsid the calculated critical value of Z   

Step Six: Use or report the conclusion   

State on the table what the conlusion was (a statistical diffference or not). 

The table below states the results of the test and states whether there is a statistical difference. 
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Category 

Question 
Beforea 

Mean 

Aftera 

Mean 

Difference 
Wilcoxon 

signed-

rank test 

Attitude 

Wants to be 
informed of 
Cochise County 
contamination 
issues 

1.2 

(1.0-1.4) 

3.9 

(3.6-4.2) 
2.7 Yes 

Wanted to be 
informed, and 
know about the 
APNI 
contamination 

1.5                

(1.2-1.8) 

4.3 

(4.0-4.5) 
2.6 Yes 

Motivation    

(to do 

activities and 

be involved) 

Participated in 
Activities 

1.4    

(1.2-1.7) 

4.9  

(4.7-5.1) 
3.5 

Yes 

Attended 
informational 
technical 
meetings 

1.1    

(1.0-1.3) 

3.3      

(3.0-3.6) 
2.2 

Yes 

Knowledge 

Felt they 
understood the 
technical reports 

1.1    

(1.0-1.2) 

3.4      

3.2-3.5) 
2.6 

Yes 

Understood and 
agreed with 
regulatory agency 
approach 

1.9 

(1.7-2.1) 

3.1    

(2.8-3.4) 
2.2 

Yes 

Interest 

Number of 
meetings attended 
about 
contamination 

1.0 

(1.0-1.1) 

4.1    

(3.8-4.4) 
3.1 

Yes 

Participated in 
activities such as 
Fieldscope 

1.0 

(1.0-1.1) 

3.7    

(3.4-4.0) 
2.7 

Yes 
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Table 5.1 Calculated “Before and After” Differences in Participants’ Responses                  

(Standard mean calculated as an average with 95% CI and differences of mean before and after an 

activity is reported. Explanation of survey takers providing responses below)    

Category 
Question Beforea 

Mean 

Aftera 

Mean 

Difference #Responses 

Attitude 

Wants to be 
informed of 
Cochise County 
contamination 
issues 

1.2 

(1.0-1.4) 

3.9 

(3.6-4.2) 
2.7 20 

Wanted to be 
informed, and 
know about the 
APNI 
contamination 

1.5              

(1.2-1.8) 

4.3 

(4.0-4.5) 
2.6 19 

Motivation    

(to be 

involved in 

activities ) 

Participated in 
Activities 

1.4    

(1.2-1.7) 

4.9     

(4.7-5.1) 
3.5 20 

Attended 
informational 
technical meetings 

1.1    

(1.0-1.3) 

3.3      

(3.0-3.6) 
2.2 20 

Knowledge 

Felt they 
understood the 
technical reports 

1.1    

(1.0-1.2) 

3.4      

(3.2-3.5) 
2.6 20 

Understood and 
agreed with 
regulatory agency 
approach 

1.9 

(1.7-2.1) 

3.1    

(2.8-3.4) 
2.2 18 

Interest 

Number of 
meetings attended 
about 
contamination 

1.0 

(1.0-1.1) 

4.1     

(3.8-4.4) 
3.1 20 

Participated in 
activities such as 
Fieldscope 

1.0 

(1.0-1.1) 

3.7     

(3.4-4.0) 
2.7 20 

Environmen

tal 

stewardship 

Shared result or 
reports with others 

1.5 

(1.2-1.7) 

3.8     

(3.7-4.0) 
2.3 20 

Became part of 
environmental 
Watchdog or 
information 
sharing group 

1.4 

(1.1-1.7) 

3.9     

(3.6-4.1) 
2.5 19 

aValues in parentheses represent the 95% confidence interval. 

Notes about survey results: Survey takers were 20 in total but some did not answer every question. The 

survey takers were a mixture of 10 students, 10 non students. 12 Reported to be home owners and 8 

reported to be on a private well. 9 reported to be college degree holders including some students. 
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A difference (impact) of zero would mean there was no measured impact from the activities on 

that particular descriptor. An impact score of 4 would mean every single participant answered 

the lowest of “1” before the activities and then the maximum of “5” after the engagements 

activities meaning it had the maximum impact possible. That would only be possible if a 

participant had never attended any meetings or had no knowledge or interest of the Superfund 

site to begin with.  A difference of two points could indicate a difference from a person stating 

(before an activity) that they strongly disagree to becoming neutral (after). It could also be 

indicative of an answer of “2” (Disagree) to “4” (Agree); or, it may be from a neutral standpoint 

to that of strongly agreeing with a statement about their new attitude or change in beliefs, 

understanding, activities or motivation to be learn about the contamination within their 

community. Similarly, a difference three points could represent change from a 1 to 4, or a change 

from 2 to 5.  

 

For the data collected in this project , we observe a change generally starting with a number of 1 

to 1.5 from “before an activity” up to about “4” meaning the person agrees with the statement 

whereas they did not agree before or strongly disagreed.  This means that all the activities that 

affected participants’ behavior, understanding, knowledge, motivation and environmental 

stewardship significantly increased.  The number of activities such as sharing lab results or 

attendance of community increased in all categories. The participants’ confidence in 

understanding, their improved attitudes, their interest, motivation and stewardship of the 

environment, all improved by their own verbal accounts and as evidenced from their own 

assigned measurements and the statistics according to all the impact scores with statistics. This is 
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demonstrated by all results reported as over 2 points higher “after” an activity. A discussion of 

the observed comments with quotes from participants is included below. .  

 

The following areas of observed impact were apparent for reasons discussed below.  

1. An increased understanding of the issues surrounding this specific contamination 

and its potential threat to health and the environment:    

 

There were both quantitative and qualitative indicators that this significantly increased. 

Discussions with participants indicated a gratefulness of understanding the details 

better and the responses selected show improvement of more than 2 points   

 

2. An increased sense of controlling one’s own safety and that of their family member 

(i.e. their children)   
 
Many participants indicated both on surveys and in discussions that they became more 

aware of how to make informed decisions to protect themselves.  They also indicated 

they understood the issues and human threat or exposure routes. 

   

3. An increase in the amount of activity a participant would put into understanding and 

being actively involved in learning about the contamination, its potential health 

threat and what could be done about that after being engaged.   
 
An increase in the amount of activities, meetings, sharing of information and 

stewardship was reported on surveys. An exuberance for these activities was also 

noted. 

 
4. An attitude change of the participants - particularly an outrage about the 

contamination, demands for cleanup and healthy water/environment and a change 

in future custodial practices of maintaining and protecting the environment as it 

relates to affecting human (and other forms of) life.    
 
The “new” knowledge of participants caused a new attitude which led to more activism 

and thus more engaged activities attendance of meetings and oversight activities. 
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5. Changes or any modified behaviors that would may result in protecting a person’s 

health and that of his/her family’s health.   
 
Bottled water and home filtering/treatment systems were used at higher rates after the 

engagement activities. One family moved out of the area because of the new 

understanding of the threat. 

 

6. An increased desire to know whether there was contamination present in the water, 

air, or soil the participants (and their family members) would be or had been in 

contact with.   
 
A significant increase in the level of interest and understanding of contamination, how 

it is a threat to humans upon exposure, routes of entry, and where it exists became 

noted in group discussions as well as being indicated on the surveys. 

 

7. Increased trust in the engagement researcher who provided test results and 

explanations 

 
There was multiple occasions where participants expressed a trust in the local 

environmental scientist who was conducting tis study that had not been expressed in the 

past. One participant stated, “ No one ever cared enough to explain all this before and 

showed interest in  our exposure or the possible health effects” 

 

8. Increased harmony and networking with other families and community members 

who participated in the engagement process and who were willing to have their water 

(or soil) tested. Did members want to share their results with others?     
 
Significant interest in sharing results through FieldScope and other activities, like 

housewives sharing coffee over discussions about the contamination and its effects in 

each-others’ homes.    

  
 

9. Strengthened and expanded connections with people from outside one’s immediate 

family       
 
The activities led to greater sense of bonds in the community over these issues in 

understanding and becoming proactive together to understand and do something about 
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these problems because of the commonality of protecting themselves and their 

families.    

 

Additional observed benefits to subjects and/or the community: 

The following changes were observed during the course of this research study which are 

indicators of the impact of the engagement and other activities associated with the work done by 

community members and researchers as well as by regulatory officials and the PRP hired 

engineers and hydrologists. 

1. Knowledge of contamination and remediation at nearby contaminated site 

There was a significant increase in this knowledge both from a measured standpoint as well 

as observed by qualitative measurements. Participants were often using the terms that are 

used by regulators, environmental scientists and, chemists and engineers after attending one 

or more of the activities.  They had reported not understanding these terms previously. One 

example was the use of MCL which was regularly used by participants 

 

2. An overall sense of better understanding of potential health hazard effects caused by 

contamination 

There was a gratefulness expressed as well as an urgency expressed by several mothers of 

children in the area. This was a new sense of being active about knowing what was in the 

drinking water and environment where parents were raising their children.  One mother 

called it “the silent kidnapper”.  A significant increase in this knowledge was noted both 

from a measured standpoint, as well as observed by qualitative measurements 
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3. A sense of taking initiative to understand and affect ones one well-being and healthful 

decisions 

There was a significant increase in what participants reported about understanding what the 

EPA does based on the report numbers, locations of contamination and potential threat for 

human exposure. There was a clear increase in this knowledge both from a measured 

standpoint as well as observed by qualitative measurements 

 

4. Protection of the community’s health 

There was a significant increase participants expressing that they wanted to keep the 

environment of their community safe, not only for their children and families, but also for 

the entire community as a whole so that the area would be a safe place to live.  

 

5. Better understanding of options associated with remediation and contaminants 

There was a significant increase in this knowledge both from a measured standpoint as well 

as observed by qualitative measurements. One family moved away from the contamination 

for the reason that it posed a potential health threat.  Multiple families either installed water 

purification/filtration systems or began using bottled water.  

 

6. Becoming better custodians of the environment in which the participants live 
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There was a significant increase in the desire of several participants to want to keep track 

of who was doing what, in terms of using chemicals, emitting into the air, obtaining 

permits for discharge or waste removal/generation or dumping 

 

7. A stronger sense of community and taking initiatives together. 

There was a significant increase in the community acting together by participating in 

informational meetings, meeting with each other, sharing testing data and stories that 

different families had to tell about the past activities of the PRP and how things were being 

handles.  The EPA site manager reported getting multiple calls at one time from a senior 

female of the community whenever she saw, heard or smelled any activity of concern to 

her near the site. A newer sense of engagement was observed by the researcher of the site. 

 

 

Discussion on respondents’ non-quantitative written answers for questions 39-44 

Questions 39-44 of the survey were not qualitative in nature but were revealing nonetheless. The 

following discussion reveals some of the answers and attempts to provide interpretation and 

assessments of the respondents written responses. 

39. Describe what you knew about the Apache Powder Superfund site before this project. Was 

this engagement project useful to you and if so, how?                                                                                      

Responses indicate that none of the participants were knowledgeable about the extent of       

contamination, what had really happened, that the contamination still exists, or that MNA was the 

approved approach.  Most individuals knew nothing about the contamination or they knew that 
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there had been contamination at one time believing it was all cleaned up with the EPA’s help.  

Past messages sent out by the PRP company were positive and implied that all the contamination 

was contained, confined to small areas, and all work keeps them in full compliance. This message 

from press releases from ANPI is positive and gave the impression that the contamination issue at 

the site is under full control and being dealt with according to positive initiatives and with full 

EPA /ADEQ compliance. In previous information, ANPI included information about being a 

good neighbor called The Good Neighbor Program.  

     

The PRP has described the Superfund program and their involvement with a separate page in the 

manner found below.   

 “The Environmental Protection Agency (EPA), and the Arizona Department of Environmental Quality 

(ADEQ) have recognized our remediation efforts for their consistent quality and thoroughness. To date, 

our purpose-built wetland has been a great success, having treated over 800 million gallons of water as 

part of our denitrification process.” And “Apache is committed to the future – consider the inclusion of 

new green technology, like solar power, for example — and in some cases, Apache is actually defining new 

standards for the nitrogen industry…As evidence of our regulatory cooperation and accessibility, the menu 

at the right will link you to a series of reports detailing our efforts, and our good standing with the EPA as 

a Superfund site. 

 

40. If you have family or friends who have worked at Apache Powder, did (s)he provide you with 

the previous knowledge/view you had?                                                                                                                          

Responses indicate that about half of the participants (N= X) had a friend or relative that worked 

at the chemical plant. It also was apparent that in all these cases, what they believed to be true 

about the plant’s contamination issue and Superfund status came directly from the friend or 

relative that worked at the site.  Most of the answers seem to indicate participants had been told 
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that the US EPA was a “…big government bully” and “…making a big deal of minor issues” as 

well as other similar opinions shared.   

41. Now that you have completed the Engagement Project, how would you explain what you 

learned to your family or friends?                                                                                                                  

Responses indicate that participants learned a significant amount about how contamination 

affects human health, how humans become exposed, entry routes, the proper sampling and 

testing of the water. How to properly read, interpret and understand those reports was widely 

reported as the primary valuable lesson learned. 

42. Now that you have completed the Engagement Project, please explain what you like most 

about participating in this project.                                                                                                                        

Responses indicate that the activities participants found most valuable was the testing of their 

water or soil to inform them of the quality level of their water or soil round the home. Activities 

that were reported as the most fun, interesting and exciting were those related to taking the water 

samples properly and testing them in a full-service laboratory which was made accessible to 

chemistry student participants, engineers and some housewives who do not work outside the 

home. 

 

43. Now that you have completed the Engagement Project, please explain what could have 

improved the experience.                                                                                                                          

Responses were limited or not answered for this question, but two responses indicated that the 

technical level of information was a bit difficult to understand and could have been presented at 

more of a “layman’s level”.  A challenge is to present detailed factual information about 

chemical compounds or polyanionic salts and by what mechanism they affect the human body. 

Environmental science incorporates a multitude of chemistry, modeling, hydrology and soil or 
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water science within the concepts of remediation that are not easily understood or interpreted by 

laymen.       

44. Now that you have completed the Engagement Project, will you continue to be involved, 

engaged or informed about the Superfund site and/or other contamination sites?                     

Responses indicate that seven individuals out of twenty will stay involved and engaged in this 

particular Superfund site and two others began and “environmental watchdog” group to inform 

and educate the community.  Several other have engaged in the Field scope map project and are 

planning to continue to maintain and find more participants to get water tested so they can add to 

the nitrate levels map that was set up specifically for this Superfund site and tracking the spread 

of nitrate or any other contaminant such as perchlorate. Another comment that was found on one 

survey was “my eyes have been opened to how big corporations and the federal government act 

with neglect and seemingly without remorse, continuing to pollute our environment and put us in 

jeopardy without concern except for when they get caught by regulators. Hurray for the EPA” 

There are limitations in this study that must be noted and described. These limitations may, in 

ways, limit the conclusions drawn from the survey data, or in other ways skew the reported 

numbers obtained from participants. Three significant limitations may be identified that could 

lead to causes of limited conclusions that will be discussed in more detail below. These include 

but are not limited to the following:             

(1) The fact that no, or very little, pre-engagement data was collected.  

(2) Reporting bias may occur from participants of the study 

(3) Natural bias that occurs during data collection from surveys 
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The first noted limitation of the conclusions drawn from results of the survey data is the lack of 

pre-engagement data collection. No formal surveys were given to participants and thus no formal 

data was collected prior to the engagement activities that individual participants were involved 

in. Other than verbal discussions, classroom assignments, and notes from the author of this study, 

there were no significant measurements of attitudes, behaviors, activities or knowledge prior to 

participants being engaged in the activities. Participants were asked in the post-engagement 

survey to report numbers of activities they were involved in before and after the engagement.  

The numbers reported by participants may not be as accurate when they are attempting to think 

back to a point in time that was before the engagement study began also known as recall bias. 

Also, it is possible that in the participants’ minds, they compare and realized a big difference 

existed before and after the study and engagement activities thereby causing a tendency to 

accentuate or over emphasize the difference in numbers when answering these questions in the 

survey as a “before” and then “after” type of question asked together at the same time, also 

known as reporting bias.  Even though many questions were framed in such a manner as to 

compare the participants answer to a behavior, attitude or knowledge “before” the engagement 

activity and then “after” it, this tends to be less accurate than asking this question before the 

activity and then asking it again at a later point in time actually after the activity (s)he 

participated in. It is possible that the participant just cannot remember accurate numbers of 

activities from a year or more, earlier. That is also likely the case for attitudes and how much 

knowledge they had when being asked to remember back to a previous point in time. 

Secondly, there is always a potential for reporting bias occurring with some participants in a 

study of this nature, in any study of this construct where participants voluntarily engage in 

activities and then voluntarily participate in an assessment study after the engagements (self-
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reporting). Participants may want certain outcomes to be ascertained for various reasons and thus 

report what they think will result in the data they want to be accepted as representative. For 

example, in this study many of the participants were familiar with the author or his family and 

were friends and neighbors of them.  Therefore, if they want the study to be successful, they may 

unwittingly or in some cases intentionally report significant differences in attitude, knowledge or 

behaviors from before to after the study and to do a longitudinal study 3 months or more beyond 

the study.  In small communities, friends, family and neighbors are often close in their 

relationships and will do a lot for each other as a sense of community pride and helpfulness is 

common. The traditional ‘barn raising’ types of events still occurs in this community and are 

quite prevalent. Thus, when completing a survey, the participant may want readers of the study 

as well as the author to see that the author and primary investigator appears to have been 

successful in his endeavors.  This gives the participants a more positive feeling and feel like they 

are helping the researchers, and author when in fact, the bias skews the results in an 

immeasurable way. There are several reasons why reporting or response bias may occur as noted 

in several other studies on surveys. Although these are often unintentional, they are very real and 

tend to skew the findings of a study in one direction or the other. It was noted that the 

participants that the researcher knew from family connections were likely to demonstrate greater 

impacts of participating in activities in their results reported by 10% and therefore this should be 

considered as a bias factor. Approximately 75% of the participants (15 survey takers) knew the 

researcher directly or through family or had been his student. 

The below bias description is one example of how reporting bias can occur and can creep into 

the results obtained from these surveys as well 
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The following exemplifies reporting (or response) bias:  

“Response bias is a systematic pattern of incorrect responses in a sample survey. These 
people can be: untruthful-- for several reasons: sensitive question, socially acceptable 
answer, or telling the interviewer what he or she wants to hear; Ignorant-- People give silly 
answers just so they won't appear like they know nothing about the subject; lack of 
memory-- give a wrong answer simply because a subject cannot remember; or timing-- 
When a survey is taken can have an impact on the answers.” [141] 

 

A third way that the conclusions from the survey data may be limited is due to natural bias. 

Voluntary response bias occurs when the ‘sample’ is responding to the question without being 

randomly selected. The sample chooses themselves to partake in the survey. This creates bias 

because people with strong opinions (often in the same direction) or with a specific interest (or 

motivation) are most likely to respond [141].  Furthermore, the participants were able to 

voluntarily provide answers to the survey or chose not to participate in the survey. Voluntary 

response bias occurs when the sampling population has the ability or option to not respond. 

Therefore, those who do participate often bias the study by providing answers that they have 

strong feelings or a strong attitude about. To get the equal amount of negative feedback may be a 

challenge since the participants who would likely give those responses often chose not to 

respond in the surveys.   

Results of ZVI lab tests and pilot study  

The ZVI data is a result of testing four different parameters of ZVI in an assessment of which 

parameters had the effect of enhancing either the percent conversion of perchlorate to chloride or 

the time it took to do so. Table 5.2. has the data results presented in an organized format with 

each variable change listed with the calculated change or decrease of perchlorate in percent. This 

study has shown that thoroughly acid washed iron successfully reduces aqueous solutions of 
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perchlorate to chloride, especially when the oxygen has been purged.  Mild conditions were 

used; room temperature, atmospheric pressure and 18megaohm deionized water at pH=5.5. 

Increased residence time permitting increased contact with the iron reductant increases the 

amount and rate of perchlorate reduction up to a point. Purging competitive oxygen from the 

water first, also improves the effectiveness, rate and general performance of the process.  

Increasing the iron surface area with significant treatment or washing with HCl acid also 

improves the iron particles ability to reduce the perchlorate up to a point.  

As the batch reactions progressed, discoloration and opalescence of all three solutions occurred.  

This was believed to be caused by the corrosion of iron due primarily to ambient oxygen rather 

than the oxidation of iron caused by the reduction of perchlorate.  This is rationalized by the 

observation that the iron chips in the zero-headspace column experiment did not corrode even 

after successful reduction of perchlorate, and 24 hours of continuous operation.  Therefore, it 

became apparent that continuous flow of the solution in the column prevents to a large extent the 

mass transport of oxygen to the iron surface.     

The pH of the starting 25ppb perchlorate solution was 6.78.  The pH of the solutions in the batch 

and the column experiments increased less than 1 pH unit after successful reduction of 

perchlorate.  The reason for this slight increase in pH is believed to be due to the formation of 

iron-hydroxide compounds.   

The detectable amounts of ClOn
- (n=1-3) compounds in the column experiment suggest that the 

reduction process indeed follows a stepwise pathway to chloride rather than a single step 

reduction from ClO4
- to Cl-.  These results also indicate that the reduction rate is proportional to 

the amount of unoccupied iron surface area and not to the total iron mass. The iron surface area 
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clearly increased with HCl washing to a point thereby improving the amount of reduction per 

time increment.  This means surface can be thought to improve either the rate of the reduction or 

the total amount of reduction depending on how the treatment process is set up.            

Some interference may have been caused by mass transport, and ubiquitous chloride salts.  

Equation (7) shows that Cl2(g) is a precursor to Cl-.  Therefore, a small amount of Cl- may have 

been lost to the atmosphere as Cl2(g) making it difficult to perform a mass balance.  

 

A simple but effective method to reduce perchlorate to chloride has been presented and this 

study has demonstrated several variables that effect the level and rate of chemical reduction that 

will occur given a specific set of conditions.  Aqueous solutions of perchlorate can be reduced 

completely to Cl- under mild conditions in a relatively short amount of time given a large surface 

area of thoroughly acid-washed iron particles, especially when the oxygen and has been purged 

with helium and the nitrate has been removed.  The experiment using the zero-headspace glass 

column showed that iron particles that have little or no oxidation have the potential of being a 

cost-effective method to remediate large quantities of perchlorate contaminated water. 

The experiment demonstrated that longer periods of HCl washing of particles improved the 

amount and rate of perchlorate reduction, up to a point, and then after that threshold, it has no 

affect.  It also demonstrated that purging the oxygen out of the water with helium made a 

significant difference by removing the oxidative effect of the oxygen. Increasing the exposure 

time of the perchlorate containing water to the iron chips by recirculating for a longer period 

made a significant improvement up to a point for up to eight days.  
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Table 5.2   Initial Batch Reactor Laboratory Test Results 

Experimental 

Run 

Pretreatment 

µg/L ClO4
- (ppb) 

Post treatment 

µg/l ClO4
- (ppb) 

% Reduction 

Concept Run 25 9.2 63.3 

U.S. Steel Iron 25 12.0 51.9 

Aldrich fine 25 4.0 83.9 

Aldrich coarse 25 13.7 45.4 

 

Here it is noted that the finest of the zero valent iron particles (smallest) performed best.  As 

anticipated, smaller sizes translate to more surface area and thus more reaction sites for the iron 

to reduce polyatomic anions such as perchlorate and sulfate or Phosphate. This observation led to 

use of the finest ZVI for the rest of the tests. It also initiated the hypothesis that increasing the 

surface area in any other way may improve reactions conditions by increasing kinetics or by 

simply allowing more oxidant to be reduced. The HCl washing was found to expand surface area 

besides making the particles more reactive as well.  This increased reactivity is likely due to 
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the removal any oxidant layer or cleaning off any oxidized surface areas to regenerate the 

reactivity making those areas more available for REDOX reactions.  

                                                                                                                                                          

It was determined that when attempting to remove Sulfates and Phosphates, the addition of 

BaCl2  was moderately effective as a precipitant to drop out Barium Sulfate and Barium 

Phosphate, two compounds that formed almost instantly and dropped to the bottom of the 

reactor. However, since Barium has significant health risks associated with its use, the 

researchers decided to utilize an amount that was equivalent to approximately 90% of the needed 

amount to remove all sulfate and phosphate. A level of 0.1 M BaCl2 was determined to be 

excessive so hypothetical results were generated using MINEQL+ as described below at 0.01 M 
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as a comparison. After BaCl2 calculations were made from samples of the site water, 

contamination levels were such that approximately 90% of the amount needed to complex all 

sulfate and phosphate was determined to be at a level near 0.02 M. Therefore, these results were 

also checked in the MINEQL+ program described below and the analytical lab results were 

found to be closely matching as a backup check.  Therefore, it was determined that adding BaCl2 

was effective but should not be done above 90% of what is required to complex all sulfate and 

phosphate in order to avoid having any “leftover” uncomplexed or unused BaCl2  in solution.   

This may not be practical at a remediation site, but knowing it is an option to improve efficiency 

is important in understanding what is happening within the reactor and knowing all treatment 

options and parameters that should be controlled. Appendix L contains all the results and 

parameters that were put into the MINEQL+ program. The initial conditions of water, 

concentrations, and then the results calculated by the program are found in this Appendix.  

Results were generated for 0.1, 0.01, and 0.02 Molar at a theoretical value for the perchlorate 

concentration of water from the site.  The actual water obtained from Hargis and associates had 

four different levels of perchlorate and thus the calculations were adjusted to find 90% of the 

required amount of BaCl2   to react with sulfate and phosphate.  

 

The results of all experiments are tabulated below. 
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Table 5.3    Recirculating Column Reactor Results 

Test Experimental 

Run 

Pretreatment 

µg/l ClO4
- (ppb) 

Post treatment 

µg/l ClO4
- (ppb) 

% Reduction 

1 Non purged water 25 4.82 80.7 

2 Purged water (with 

helium at 20ml/min 

for 20 min) 

25 2.99 88.0 

3 No HCl washing 25 12.5 50.2 

4 15 min HCl washing 25 2.99 88.0 

5 60 min HCl washing 25 0.966 96.1 

6 1 hr residency 

circulation (Contact 

time with ZVI) 

25 0.920 96.3 

7 10 hr residency 

circulation (Contact 

time with ZVI) 

25 0.011 99.9 

8 20 hr residency 

circulation (Contact 

time with ZVI) 

25 0.00 >99 

9* No HCl washing 

(Test 3) + BaCl2   at 

0.1M 

25 5.0 80.0 

10* No HCl washing 

(Test 3) + BaCl2  at 

0.01 M 

25 3.23 87.1 

11* No HCl washing 

(Test 3) + BaCl2  at 

0.02 M 

25 3.44 86.2 

 

aClOn
- compounds were not detected  (n=1,2,3) 

bLess than 2ppb of total of ClOn
- compounds were detected in each solution (n=1,2,3) 

* : Test 9,10, and 11 used Test 3 conditions to have 50% “room for improvement” 

 

He 

Purging 

Effect 

HCl 

Washing 

Effect 

Contact

Time 

Effect 

Adding    

BaCl2 

Effect 
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Results of the pilot study near the plant were successful to an extent.  The target for the reactor 

and planned trials was to run at 2 gpm.  Some limitations were discovered. Continuous flow-

through reactor results were minimally successful but increased from under 50% with no special 

treatment to over 68% with HCl treated nano-ZVI, oxygen purged water (with He), and 0.02 M 

BaCl2  present. Since the target for the reactor and planned trials was to run at 2 gpm, that 

parameter was not changed but a recirculation loop was installed. Increased residence time had a 

significant improvement effect. The following Table 5.4 shows results of a 2 gpm recirculating 

reactor that had five minute cycles (to allow recycling and longer residence time) running for 

each batch of water. 

Table 5.4     2 gpm Pilot Study Reactor Results (No recirculation) 

Test 

Run 

Description Pre-Perchlorate 

Level µg/L 

Post-Perchlorate 

Level µg/L 

Difference % 

Reduction 

1 Only n-ZVI 200 103 97 48.5 

2 n-ZVI with HCl 

treatment   

Purged Oxygen 

0.02 M BaCl2 

200 63.1 137 68.5 

Table 5.5       2 gpm Recirculating Test Run To Increase Residence Time 

Test 

Run 

Description Pre-Perchlorate 

Level µg/L 

Post-Perchlorate Level  µg/L % 

Reduction 

1 Run 2 Above 200 28.6 85.7 

2 Run 2 Above 20 1.11 94.5 

The above treatment results were found to be significantly improved with increasing residence 

times while on the plant site. The effect of higher levels of contamination proved to hamper the 

best results reducing efficiency when treating above 20 µg/L. 
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Even though the goal was to remove possible competitors for the reduction process, such as 

highly oxidized compounds or polyatomic anions like sulfate and phosphate, other effects could 

be caused without achieving the desired goal of precipitating those competitors out of solution. 

By using the tool MINEQL+, it is possible to roughly approximate all reactions that will occur in 

an aquatic chemistry reaction situation.  

MINEQL+ is a powerful but relatively easy-to-use chemical equilibrium modeling system that 

can be used to perform calculations on low temperature (0-50oC), low to moderate ionic strength 

(<0.5 M) aqueous systems. MINEQL+ is a data driven program, so the user is not required to do 

programming. The user creates systems by selecting chemical components from a menu, scans 

the thermodynamic database and runs the calculation. However, MINEQL+ also provides tools 

to allow the user to take control of the reaction data, create a personal thermodynamic database, 

perform synthetic titrations and automatically process multiple samples (such as field data). 

This program was originally designed to be a research tool but it is currently used in over 500 

colleges and universities worldwide as an aid in teaching aqueous chemistry reactions. All 

conditions and modeling parameters as well as the theoretical values those models generated are 

listed in tables of Appendix L.  

The results of the modeling proved that the sulfates and phosphates could be partially removed 

from the solution, thereby reducing competition for the reduction process as sulfates and 

phosphates may readily be reduced as well, although not to the extent desired. According to the 

modeling parameters, it was determined that enough BaCl2  to achieve a level of 0.01 M was not 

sufficient to remove much above ten percent of the sulfate and phosphate present. A level of 

BaCl2 added to achieve 0.1 M was sufficient but left behind excessive Ba in cationic form within 
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the aqueous sample and is thus unacceptable.  A level of 0.02M and 0.03M were both modeled 

with results in Appendix L. Theoretically, 90% of that amount need to complex the sulfate and 

phosphate should leave no Ba behind in the solution. However, uncomplexed Ba was still 

present. Laboratory tests agreed with the model predictions and some barium was found to be 

left in the solution. Unfortunately, there was not an amount found to precipitate what was 

targeted, leaving no other barium behind and this is a health threatening element.  In nature it is 

found to combine with many things as an insoluble form including in bone and other parts of the 

body.  This is ‘nature’s way’ of preventing free barium from being harmful and available to the 

body. However, some soluble forms of the barium continue to exist in the test solutions by model 

prediction.  When analyzed by atomic absorption, without digestion, no free barium ion was 

detectable so this discrepancy is likely due to actual unknowns present in the site water that do 

complex with the barium.    These nine tables are found in the Appendix section.  

Reduction mechanisms 

The proposed reduction mechanisms found in Fig. 2 of Chapter three show two potential 

mechanism that may both be occurring during the reduction with perchlorate in contact with ZVI 

in water. The iron was found to produce colors after contact with the contaminant in water for 

any duration over one minute. The colors formed include a very dark, blackish coloration of the 

iron, its particles on the surface and this rubbed off on nearby surfaces. The dark coloration of 

the ironindicates that the iron oxides mechanism is most likely occurring and may be the 

predominant mechanism in progress during the treatment. There seems to also be indication of 

ferric chloride forming as well. Ferric chloride, Fe(III)Cl3 tends to be light brown or orange 

while common rust is a form of iron(III) oxide. Iron oxides are widely used as inexpensive, 
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durable pigments. Colors commonly available are in the "earthy" end of the 

yellow/orange/red/brown/black color spectrum range. Therefore the second mechanism in the 

figure demonstrating the forming of Fe(III) may be occurring at least on a minimal level based 

on the supporting evidence of the formation of colors seen in the iron powder during the 

research. The reaction passivates the surface of the iron particles and iron oxides form with a 

very dark coloring present that seems to be removed from washing with HCl.  

Other indications of these two mechanisms include the fact that the iron oxide seems to be re-

dissolved with more HCl.  An interesting extension to this project would be to see what the effect 

of regular introduction of HCl on an intermittent basis might have.  The free Cl ions may be a 

factor in reversal of the equation as a product, but the introduction n of hydrogen ions would 

drive the reaction forward while solubility would likely increase and the iron particles would be 

treated or washed of the exterior oxide layer(s) on a regular basis preventing them from 

rendering the iron particles ineffective.   
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Chapter 6          Conclusions 

Investigating site characterization activities of the past and present 

This research project had three primary areas of research combined into one overall project. It 

included investigating characterization activities of the past and present conducted at a 

Superfund site; community engagement activities and their effects; as well as development of a 

novel treatment method using zero valent iron particles to reduce perchlorate in an aqueous 

matrix. Multiple conclusions may be drawn from the results discussed in the previous chapter. 

These conclusions will be explored for the three project foci defined above. A final section 

discussing how the current literature is enhanced by the conclusions of this study completes the 

chapter.  The conclusions are based on actual quantifiable results reported previously as well 

observations of behaviors and discussions the primary researcher had with participants from the 

community who engaged in activities of this study.  

  

Conclusions from the previous chapter were drawn from both the historical review of previous 

site characterization activities as well the sampling and site characterization activities that were 

performed as part of this research project. What was previously known and established at the 

commencement of this research has been supplemented by current activities from 2015 to 2018. 

Those results were presented and discussed in the previous chapter.  The implications of those 

conclusions are varied and complex.  

There has been extensive drilling, sampling, and testing of samples on the site over the past 30 

years. These activities have defined several locations or “pockets” of perchlorate as well as 
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contamination of nitrate, heavy metals, and arsenic in various places throughout the site. The 

word “pockets” has been used by the US EPA to refer to isolated subsurface water in small areas. 

The site has many locations where the washes or the San Pedro riverbed was most likely used as 

dumping sites as many other river beds were throughout America in decades before the 

establishment of the U.S. EPA [117]. The majority of this contamination has been found in the 

shallow perched aquifer. This aquifer reaches as high as 10 feet below grade surface in some 

areas and even all the way to the surface in other areas where ponds are found throughout the 

community. This aquifer was contaminated in many different areas. Below this aquifer exists a 

thick layer of clay, characterized as the Saint David Clay. The Saint David Clay layer has been 

found to be in the range from 300 to 400 feet in depth [117].  Below the Saint David Clay exist a 

deep groundwater aquifer that is several hundred feet thick. Although the lower aquifer was not 

originally known to be contaminated, there have been many drilling activities that may have 

served as a conduit between the two aquifers. 

Contamination levels of perchlorate are limited to site perimeter boundaries. However, nitrate is 

found extensively at levels well above EPA MCL established limits throughout the geographical 

area well beyond the site perimeter. Wells to the north of the main source have exhibited 

increases in nitrate levels as high as 16,000 mg/l and 8,000 mg/l respectively for MW-22 and P-

03 indicating a continued subsurface contaminant transport phenomena to the north/northwest 

direction. Throughout Cochise County, elevated levels at or slightly above the 10 mg/l MCL 

have been found outside of the vicinity of the site. Thus, it is possible that nitrate levels found off 

of the site are due to activity of the PRP. The nitrate contamination was possibly caused by 

ammonium nitrate and other nitrate and waste products that the PRP admittedly handled in a 

manner that led to it ultimately infiltrating groundwater.   Establishment of a wetland on the 
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northern border of site was developed; subsequently nitrate levels have differing concentrations 

with several decreasing as much as 50% until recently.  

The results of this portion of the project illustrate a phenomenon that occurs at most large 

contaminated sites, wherein magnitudes and distributions of contaminants vary throughout the 

lifecycle of the site.  Additional monitoring and site characterization conducted as part of a CE 

project can help to characterize such contamination dynamics, particularly for locations adjacent 

to a site. Thus, CE-based monitoring programs can provide added-value to the owners and 

regulators of the site, as well as provide benefits to the community members themselves (of 

which are discussed below). 

A final implication of the sampling and testing activities is that the results, showing the dynamics 

of nitrate levels especially to the north and northwest, were quickly shared by participants and 

became a focal point of interest creating new bonds of common interest and relationships within 

the community.  This led to the laboratory testing results sharing program aided by FieldScope 

from National Geographic. These were participants of common interests: to protect themselves 

and their families from contamination harm and health effects. It is an interesting and unusual 

phenomena that requires specific conditions for strangers to want to share personal data about the 

contamination of their water, private wells, homes, soil, and potable water sources. This 

information is often felt to be private by individuals and is protected by law for the same reasons 

as medical data.  This information in the form of data and reports often contains negative results 

which people are reluctant to share because it feels invasive and embarrassing to some. In this 

case, many people who were previously strangers, deemed it to be important to share their 

contamination levels with each other. This has happened in other studies [96], [97] but exactly 

what stimulates this decision to feel it is imperative to share their personal information in the 
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form of water testing revealing contamination is not well understood. For instance, many 

previous reports demonstrating various levels of contamination were privately viewed in the 

Benson Public Library or on websites without discussion of any information with other members 

of the community. Water well testing for residents was performed by EPA and ADEQ but no 

participants had ever reported sharing it more than a single time. A stigma seems to exist and 

seems to accompany sharing that one’s personal data has negative information or implications 

and people tend to be very private with this information. 

However, in this case, factors within the environment of the group meetings, or other influencing 

factors present during one-on one or small group activities caused the desire to share data.  What 

the influencing factor(s) were, cannot be ascertained after-the-fact but this important discovery 

should be further explored and developed. The sharing of data regarding levels of contamination 

at different sources and geographical locations proved to be invaluable. This information could 

lead to improved health effects and even saving of lives if implemented in communities across 

the country. Further research into the sharing of data and what motivates participants to do this 

could be a vital part of further CE research with respect to communities that share serious 

contamination issues. Likely contributing factors or causes of this phenomena could be the 

personal touch of a local environmental scientist present in the community showing personal 

interest, small groups with refreshments where members are opening their homes and thus 

making themselves vulnerable, perhaps sharing of personal stories about illnesses, cancer and 

other health effects that they shared in common or struggled through, with family members. It 

may be a combination of two or more of these factors or something completely different. Further 

investigation is needed to determine the stimulating factor(s) and should be explored to enhance 

the literature findings in this and previous studies.              
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Community engagement activities 

This research project attempted to study the effects, impact and measured changes of behaviors, 

attitude, activities, and environmental stewardship on participants who became engaged fully in 

one or more CE activity. The findings are based on both observations during the engagement 

activities and during other interactions with the participants as well as from surveys where the 

participants rated their own experiences when asked to honestly evaluate and assign a number to 

their activities.  

In every case, the questions that targeted an actual number of times that participant engaged in an 

activity such as sharing their test results, attending informational meetings or group meetings, 

there was about a two point increase on average. Likewise, when asked if they agreed to 

statements that were designed to probe their interest, involvement, knowledge or environmental 

stewardship there were similar results. The questions were exactly the same with the exception 

of “Before” the study being replaced with “After” the study. Here again, the change from before 

to after often averaged approximately 2 ± 0.3 indicating an increase in the participants’ 

awareness, self-perceived knowledge, and interest in the contamination issue at the Superfund 

site in their community, including health effects and potential danger to themselves or their 

families. This increase in activities and increase in agreement with statements about activities 

and interest could be artificially inflated slightly sue to the biases discussed in the previous 

chapter but overall show a one-way trend that indicates a measurable increase in the range of two 

points. This may be interpreted as increases in interest, motivation, improved attitude, knowledge 
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and environmental stewardship but with qualifying limitations and careful observation as to what 

this means.     

The deeper meaning of these results should be further explored and analyzed to hypothesize on 

its specific successes. The first notable observation is that given the purpose of learning about the 

nearby Superfund contamination, coupled with some kind of additional incentive, these 

engagement activities can clearly attract community members because of their interest in the 

well-being of their families and themselves.  It was commonly observed that participants stated 

that they previously didn’t really know where to go to find out any more information and, “that is 

the reason” they had not participated in further exploring of this local Superfund contamination 

issue and its impact on the community or water quality. 

Participation in a CE-based monitoring program boosted participants’ interest. This began with 

the review of all past site work and reports as well as the correspondence with regulatory 

officials.  Engaging community members to participate in reviewing past historical documents, 

laboratory reports, site characterization reports, hydrology impact reports and progress reports 

was found to stimulate the interest of the participants. Many had never before reviewed such 

documents nor had any knowledge where to find them or obtain copies.  This activity acted as 

the inputs for stimulating more interest within the participants. Overcoming the fear of not being 

able to understand such reports proved to be key in stimulating participants of this stage to 

become more involved and volunteer for additional engagement activities. The additional 

sampling and testing activities in the vicinity of the site and nearby community ensued with over 

75% participants from the historical review process activity so this may play a role in developing 

the interest of participants for further engagement activity. As activities were attended, a 



169 

 

 

snowball effect seemed to occur by observing increasingly more interest from previous, and 

then, additional participants.  

As is commonly found in other studies, if the participants had to invest money or what was 

perceived as an inordinate amount of time or other resources, little or no participation occurred. 

For instance, when participants had to travel to Tucson to observe the laboratory and its 

capability in running samples in the Iron King Mine study of Ramirez-Andreotta, et al. [95] there 

was little or no participation because it was a four hour drive from the community.   Participants 

also stated they had “no idea” how to get their water or soil tested and some stated that they 

never even thought of it.  This lack of knowledge seems to produce a major obstacle effect from 

participants pursuing these types of activities on their own.  Often it is found that these obstacles 

were simply ‘perceived’ obstacles because the tasks were considered too complex by participants 

until they actually became engaged in them.  This means that once this type of engagements 

occurs, an empowerment of knowledge and abilities to perform these types of activities becomes 

part of a permanent skill set developed by participants. Following these activities, some 

participants were found to continue engaging in these and other similar activities for over 26 

months following activities on their own.  Furthermore, the motivation to be involved in some 

kind of activities was clearly already present; otherwise, these individuals would not even have 

participated in the study by their own admission [Appendix G Notes]. The only monetary gain 

they received was the value of some laboratory or kit testing of their own property or water 

supply. This could imply that there are various individuals present in engagement activities who 

were already, or previously interested and only needed a stimulus or incentive to give them the 

confidence to overcome whatever obstacle they had perceived as preventing them from engaging 

in these types of activities on their own.   
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Overall, the study demonstrated the potential to engage a community and increase the awareness 

and knowledge as well as the motivation and stewardship of the participants. This was partially 

achieved by offering minor incentives such as free water and soil testing results for their 

residence or water source; extra credit or credit for a college research class (CHEM or ENG 299) 

at the commencement of the study. These became increasing less necessary later in the project, 

once the interest level of the participants had been captured.       

Nano-ZVI reactor development to reduce perchlorate in an aqueous matrix 

Conclusions of the reactor development in this study include the improvements discovered from 

five methods of improving the reduction of perchorate by n-ZVI. The parameters manipulated 

and found to improve the reaction by either reducing the time required or the completeness of the 

reaction (percent of perchlorate reduced) are as follows: 

1. Use of smaller iron particles 
2. Washing the surface of the iron with a mild HCl solution before use 
3. Purging the water of competing oxygen with He sparging 
4. Removing the competing polyanionic sulfates and phosphates by precipitation reaction 
5. Increasing the residence time 

 

Decreasing the size of the iron particles is an intuitive approach to increasing the surface area of 

any material including ZVI, thus creating more surface sites are available for reaction. This 

improvement has been employed in many other reactions and is in fact the reason nano zero 

valent iron was developed as opposed to standard sized ZVI particles. This is not a significant 

discovery but was verified within the study parameters. One other method that seemed to 

increase surface size (HCl washing) also may have increased surface area and it proved to 

increase the percent of perchlorate reduced as well (see below).  
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The washing of surfaces of n-ZVI in a mild HCL solution has a positive effect increasing the 

amount of perchlorate reduced compared to test runs without the washing. The mechanism is 

most likely cleaning or removing of oxidized sites on the iron. An appearance change is noted 

and seen in the TEM pictographs from before and after photos of the iron and its surfaces seen 

below in Figure 6.1 where the color seems lighter and the surfaces appear “cleaner”. This is 

likely from HCl reacting with and removing oxidation products or an oxidative coating on the 

iron particles. This would enhance the ability of the iron to react with reducible compounds or 

anions such as perchlorate thus reducing the given set amount in solution more thoroughly. The 

iron particles also seemed to gather closer and become more crowded within the same space after 

treatment. There is little or no space left between the iron particles after treatment. This may be 

due to agglomeration which seemed to occur during treatment.  An etching or engrained pattern 

also appeared after treatment that would indicate surface changes to the iron particles and most 

likely, increased surface area.  This process may be changing surface characteristics in ways not 

fully understood but the end effect was to increase the total amount of reduction that would occur 

given that all other parameters were held constant. 

 

Optimal operating or treatment suggestions would be dependent on the available resources of the 

party performing treatment. Ultimately, the conditions that would be most likely to produce the 

best results for the cost would include: 
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1. Washing with HCl (A one-time step and may be reemployed during regeneration of the 

nano-ZVI but otherwise only needs to be done initially. This produced a significant 

difference in the iron performance. 

2. Filtration – also a one-time expense (to remove organic carbon matter and other materials 

that may compete for reduction) 

3. Recirculation loop in design to increase residence time- No cost investment except 

minimal energy but a time investment. This would be dependent on the site goals. If time 

is essential and remediation was urgent, this would be a poor choice. If time was not 

urgent such as other 100 year remediation time frames, this would be useful.  

4. Purging with a low grade He gas. There is technical grade He used for balloons that 

would be a very inexpensive way to treat the water and eliminate oxygen. 

5. Precipitation (requires the use of reagents such as BaCl2) not as practical. 

Priorities and goals of site management would dictate which of the above would be used in the 

order or likely steps to produce the greatest value for the cost. These are placed in order of 

expense per reduction effect. The first three could be done with little or no initial investment and 

no ongoing expense. Time may be an issue for some management and always needs to be 

considered.        
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Fig 6.1 nano-ZVI images by TEM  

 

     

Other studies have attempted to characterize the surface of zero valent iron and a report from the 

US EPA (below) shows a diagram of such a particle with the surface comprised of iron oxides.  

These are likely cleaned off, or reacted away with the HCl washing and circulation of the acidic 

solution thus making the particles more reactive. What mechanisms created the increase in 

perchlorate reduction are not fully defined and should be further explored.    

A depiction of the mechanism proposed by EPA is shown below referenceing the use of ZVI 

with reduction of halogenated hydrocarbons. The basic reduction process of oxygen or 

halogenated atoms being displaced with either hydrogen or with electrons fillling the valence 

shell is of equivalent significance as the treated product becomes reduced and the iron’s valence 

state is increased above zero.  

 

 

0.5 µm 

Before HCl 

washing 

5 µm 

After HCl washing 
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Fig 6.2 Reaction Mechanism Described by U. S. Environemntal Protection Agency 

 

 

Source: US EPA: Final Report: Nanoscale Bimetallic Particles for In Situ Remediation August 2007 

 

The purging of dissolved oxygen and potentially other gases in the water improved the reduction 

of the perchlorate. This is believed to be the result of removing a competitor for the iron sites to 

bind to for reduction.  This inexpensive addition to treating contaminated groundwater is easily 

performed, and is effective with minimum investment of low-grade inert gases such as Helium. 

Because it can increase the effective reduction of a target contaminant by as much as 28%, it 

should be considered for other reduction application, especially where the presence of dissolved 

oxygen is high.  A diffuser where the helium was released as nanoscale bubbles proves effective 
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at purging the oxygen levels rapidly.  Further methods of improving this purging process at 

lower costs should be explored. Different gases and delivery methods could be further 

investigated and characterized.   

The removal of competing compounds or poly-anionic species is not new to reactor or reaction 

processes. However, the development of specific precipitating reactions to the furthest degree 

possible is a necessary step when employing the technique of removing competitors.  Modeling 

the reaction proved to optimize this effect without leaving behind unwanted compounds or ions 

(Barium) in unacceptable levels.  Although the cost involved, as well as the potential for toxicity 

from the presence of barium is not necessarily ideal in this reaction process, the concept of 

utilizing this approach should always be explored. Theoretical calculations and reactions that 

may not necessarily be practical in removal of competitive oxidants or in preventing reactions 

utilizing or consuming the introduced reductant, but this necessary step allows the designer to 

decide if factors of cost, time and other practical means proves practical with final results.  The 

modeling of these reaction is not ideal, especially if the source water that is being introduced into 

the system varies in composition, as in this case. However, it is a practical approach to determine 

the range of reagent that may be needed to perform a cost analysis.  It is not always practical to 

create additional reactions by introduction of new reagents as chemicals are costly. The desired 

effect achieved must always be weighed out with the cost to determine if the additional expense 

is really worth the improvement in performance.        

It is not a new development or technology to improve the degree of a reaction by increasing the 

residence time in a reactor.  However, combining this effect with the other enhancements in this 

study had to be explored, especially because it is already well known optimization method. The 

goal was to optimize the effectiveness and time frame the n-ZVI reduction in every way possible, 
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(not only with new undiscovered methods), to determine its feasibility as an on-site, pump-and-

treat, low-cost remediation technology.  It has been established that ZVI is effective for PRB 

(permeable reactive barrier) technology.  Introducing an existing method or technology for 

utilization in a new process, is often a step-by-step process once the reaction efficiency is well 

established.  In this case, it was determined that by making all or most of the enhancements 

employed in this study, n-ZVI can be considered for use as a pump-and-treat technology, 

especially when employing the regeneration technique of continuous HCl washing, employed in 

this study.  This new development of practical use of an improved technology is a major find of 

this study.  It could open the doors to many new applications at existing sites where a 

contaminant may be reduced to decrease or completely abolish the toxicity of the contaminant(s).     

How the current literature is enhanced with this study 

There are two primary areas in the published research literature was advanced in this 

dissertation.   

(1) Better understanding of the benefits of, and potential constraints to, engaging the community 

around a Superfund site by getting community members directly involved in activities of actual 

field sampling; water testing; soil and air testing; using unique incentives for initiating 

engagement; and with supervision or training by the researcher, having community members test 

their own water. The project employed engagement of a local environmental scientist, engineer 

and hydrologist as well.                                                                   

(2) An analysis and determination if Zero Valent Iron Reduction can be a viable treatment option 

for reducing perchlorate on sites like this case study site while being modified for use as pump 

and treat technology, through a reactor, on the surface of the Superfund site. 
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This dissertation explores (1) efforts to resolve some of these factors to promote enhanced 

communication, and collaborative efforts between regulators, community members, engineers 

and scientists based on common goals and outcomes while (2) delving into the mechanism and 

improving the reduction potential of zero valent iron for the purpose of treating perchlorate or 

any other contaminant that can be reduced to become less hazardous or toxic. The rate and level 

of remediation or protection from the contamination may also be affected due to CE and is 

analyzed in the dissertation. Surveys reflecting changes in various parameters to be measured, 

were utilized after the engagement process to determine and measure the impact.  

The myriad of issues surrounding stakeholders interactions at the case study site of Apache 

Powder are also examined in this study.  These issues include the relationship between 

regulatory officials and the community members around the site.  

Although the primary goal of this study is to determine the outcomes of a manifold community 

engagement project at the Apache Powder Superfund Site in the Benson/Saint David, numerous 

outcomes and feedback revealing other effects were observed.  The overall observations 

seemingly point to improved community bonds over an issue that equally affects, or perhaps 

threatens, the family members alike regardless of race, age, or socioeconomic status. This sense 

of community was regularly observed as the participants began to network, share data and 

reports, share stories and information to help each other in every way possible.  Therefore, the 

net effect was to benefit the cohesiveness of a community besides the improved knowledge, 

motivation, attitude, activities and environmental stewardship observed and documented by the 

participants.  In the end, there was only one participant who claimed to have not increased his 

sense of community bonds while the other 05% of participating community members reported 

increasing theirs.   
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This study should be considered as an extension of other work referenced herein and additional 

work in these areas described would continue to benefit our understanding of the effects of 

community engagement around contaminated sites and with further development of low-cost 

remediation technologies such as nano-ZVI as an effective tool for specific sites that may meet 

the criteria to gain a significant benefit from this type of application.     
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APPENDIX A 

COMMUNITY ENGAGEMENT SURVEY 
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SAINT DAVID SUPERFUND RESEARCH SURVEY 
 

   Date: _________________  
 

Demographic questions 
 

A. In what year were you born? ________________ 
 

B. What is your home zip code? ________________ 
 

C. How would you describe your gender? _________________________ 
 

D. What languages do you speak? Primary_______________, Secondary ________________ 
 

E. Which of the following groups do you 
MOST identify with? (choose all that 
apply) 

F. What is the highest level of education 
you have completed (check one) 

o African-American, Black 

o American Indian, Native American, 

or Alaskan Native 

o Asian, Asian-American 

o Caribbean Islander 

o Latino or Hispanic 

o Middle Eastern or Arab 

o Native Hawaiian or Other Pacific 

Islander 

o White, Caucasian, European American 

o Other (please specify)____________ 

o Preschool/Kindergarten 

o Elementary/Primary School 

o Middle/Junior High School 

o High/Secondary School 

o Some College (less than four years) 

o Trade/Technical School/Training 

Program 

o College Degree (Bachelor) 

o Post-Graduate Degree (Master/PhD, 

MD, JD, etc) 

o Prefer not to respond 

# of 

persons in 

household 

1 2 3 4 5 6 7 8+ 

Income 

Range 

$12,400 $15,930 $20.090 $24,250 $28,410 $32,570 $36,600 $38,950 

$20,650 $23,600 $26,550 $29,500 $31,900 $34,250 $36,600 $38,950 

$33,050 $37,000 $42,500 $47,200 $51,000 $54,800 $58,550 $62,350 

Above above above Above above above above Above 

G. Go to the column that has the number of persons that live in your household. Circle the 

number in the column that represents less than or equal to your total household income. 
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Written Engagement Participation Survey                                                                                                                                                  

Benson/St. David Area ANPI Superfund Site Study 

Please indicate how much you DISAGREE or AGREE with each of the following statements by circling the 

number (only ONE) in the appropriate column. Please respond as you really feel, rather than how you think 

“most people” feel.  

“Engagement Project” specifically refers to ALL the activities you may have completed with Patrick 

Rundhaug, doctoral student / researcher from The University of Arizona Department of Soil, Water 

and Environmental Science .  

Please select the activity that you participated in (Select ALL that apply):  

— Sample testing and collection 

— Pilot tests, reporting 

— Engineering models 

— Group meetings.  

 Strongly 

Disagree 
Disagree Neutral Agree Strongly 

Agree 

Before the Engagement Project, I wanted to be informed, and 

know about the Apache Powder contamination (1) 
1 2 3 4 5 

After the Engagement Project,  I wanted to be informed, and 

know about the Apache Powder contamination (2) 
1 2 3 4 5 

Before this Engagement Project, I thought about or considered 

getting bottled water or putting a filter system on my water 

faucet because of contamination (3) 

1 2 3 4 5 

After this Engagement Project, I thought about or considered 

getting bottled water or putting a filter system on my water 

faucet because of contamination (4) 

1 2 3 4 5 

Before the Engagement Project, I wanted to be                        

informed, and to know about any other contamination in and 

around my community (5) 

1 2 3 4 5 

After the Engagement Project, I wanted to be                                                                                       

informed, and to know about any other contamination in and 

around my community (6) 

 

1 2 3 4 5 

Intentionally left blank Strongly 

Disagree 
Disagree Neutral Agree Strongly 

Agree 
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Since the Engagement Project, I feel I now know how to reduce 

my family’s exposure to contaminants (7) 
1 2 3 4 5 

Before the Engagement Project, I was aware of the concept of 

Environmental Justice and its relevance to our community (8)  
1 2 3 4 5 

After the Engagement Project, I was aware of the concept of 

Environmental Justice and its relevance to our community (9) 
1 2 3 4 5 

After this Engagement Project, I thought about or considered 

getting bottled water or putting a filter system on my water 

faucet because of contamination (10) 

1 2 3 4 5 

Before the Engagement Project, I was aware of and in 

agreement with regulatory actions at ANPI (11)  
1 2 3 4 5 

After the Engagement Project, I was aware of and in agreement 

with regulatory actions at ANPI (12) 
1 2 3 4 5 

Before the Engagement Project, I was involved in environmental 

stewardship activities or “environmental watchdog” activities 13 
1 2 3 4 5 

Now that I have completed the Engagement Project, I have now 

become active in environmental watchdog efforts or environ-

mental stewardship activities since this engagement process (14)               

1 2 3 4 5 

Even if I haven’t become involved yet, I have                                                                                

more interest in being  involved in environmental                                                                                              

stewardship or watchdog activities       (15)                                                                               

1 2 3 4 5 

Now that I have completed the Engagement Project, I am more 

interested in being active and involved in contamination issues 

in or around our community that may affect me or my family (16 

1 2 3 4 5 

Now that I have completed the Engagement Project, I have 

shared my information, test results OR new knowledge with others 

regarding this or other contamination issues as a result of this project              

1 2 3 4 5 

Since this Engagement Project, I better understand contamin- 

ation and lab reports from environmental                                                                                         

assessments and water quality/well water testing    (18) 

1 2 3 4 5 

Since this Engagement Project, I am more equipped with 

information to make decisions about protecting me/family from                                                                                                  

contamination health effects since this engagement and will 

likely use it in the future 19 

1 2 3 4 5 

Before this Engagement Project, I understood contamination 

and lab reports from environmental                                                                                     

assessments and water quality/well water testing    (18b) 

1 2 3 4 5 
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In the following section, please circle the number that best answers the question. 

Times have I shared my information or new knowledge with 

others, before the Engagement Project (20a) 
1             2           3         4          5      

How many times have I shared my information or new 

knowledge with others (20b) 
1 2 3 4 5 

Before this engagement project I attended the following 

number of meetings regarding the Apache Powder 

Contamination                 (21) 

1 2 3 4 5 

Before the CE project, the times l reviewed information, or 

engaged in any activity regarding contamination in my 

community (22) 

1 2 3 4 5 

After this Engagement Project, I attended the following number 

of information meetings regarding the Apache Powder 

contamination   (23)                                                                                              

1 2 3 4 5 

Before this Engagement Project, I read the                                                                                                            

following number of documents or lab reports                                                           

regarding the Apache Powder Contamination (24)                                                                               

or related consequences                     

1 2 3 4 5 

Since this Engagement Project, I reviewed the following number 

of documents or lab reports regarding the Apache Powder 

Contamination or related consequences (25) 

 

1 2 3 4 5 

After the Engagement Project, the number of times I reviewed 

information, or engaged in any activity regarding contamination 

in my community (26) 

1 2 3 4 5 

 

Please check the appropriate answer and explain if it’s possible.  

27. Prior to being engaged in this Engagement Project, I tested, or had a lab test my water or soil or 

air?______ soil ______ water    ______air    

why?_____________________________________________________________________                 

28. Once being engaged in this Engagement Project, I tested, or had a lab test my water or soil or air?                         

______ soil ______ water    ______air    

why?_________________________________________________________________________    
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29. Please Indicate by checking a response of either yes (if you agree) or no (if you don’t), then explain 

I feel I am better equipped with useful information to make decisions about protecting yourself/family from 

contamination health effects since this engagement process/ activity.            _______ yes   _____no 

Explain________________________________________________________________________________  

______________________________________________________________________________________ 

 

                                                                                                                                                                                                                                   

30.  I feel that I better understand how human exposure to contamination can occur  

________ yes _______no     Explain ___________________________________________________________ 

 

 

31. I am concerned about my water testing results ______yes  _____no   (If yes, please explain why)______   

_____________________________________________________________________________________ 

 

32. Now that you have completed the engagement project, do you feel more equipped to make decisions about 

protecting yourself (or family) from health related issues related to this and other contamination? Please 

explain. 

______yes  _____no   (If yes, please explain why)_____________________________________________   

_____________________________________________________________________________________ 

 

33. If you were to consider moving or buying a house for your family, would you consider look up whether the 

home is near a contamination? 

________ yes      __________no   Explain_________________________________________________________________________ 

__________________________________________________________________________________________________________ 

 

34. I feel confident understanding and reviewing what The Environmental Protection Agency/Arizona 

Department of Environmental Quality or other regulatory enforcement agencies have done/are doing at 

this contaminated site.  

________ yes      __________no   Explain_________________________________________________________________________ 

__________________________________________________________________________________________________________ 
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35. In terms of the water you choose to use, What do you plan to do differently/or have you done differently 

since this Engagement Project?  

_____  Use bottled water                                                                                                                                                       

_____  Get a water purification system                                                                                                                                 

_____  Get water elsewhere like a neighbor/family/friend                                                                                          

_____  Other     please  explain _____________________                                                                                                   

_____  No change 

 

36. How could you be exposed to pollutants from the Apache Powder Superfund Site? Select ALL that apply. 

_____ Water    _____ Soil    _____ Air 

_____ Other. Please explain: 

 

37. What would you do to reduce you and/or your family’s potential exposure to pollutants from the Apache 

Powder Superfund site?  

_____ Move to a different residential address                                                                                                               

_____ Keep my children inside                                                                                                                                      

_____ Use more air filters in the house                                                                                                                        

_____ Buy a new air purification system                                                                                                                     

_____ Do nothing  

_____ Other. Please explain: 

 

38. I feel it is important for there to be equality sharing in the burdens and the benefits of industry or 

governments activities that eventually result in contamination in my community and those across the entire 

United States? 

________ yes      __________no   Explain_____________________________________________________   

______________________________________________________________________________________    
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Short Answer Questions. Please answer to the best of your ability. 

39. Describe what you knew about the Apache Powder Superfund site before this project. Was this 

engagement project useful to you and if so, how? 

 

 

 

 

40. If you have family or friends who have worked at Apache Powder, did (s)he provide you with the 

previous knowledge/view you had? 

 

 

 

 

41. Now that you have completed the Engagement Project, how would you explain what you learned 

to your family or friends? 

 

 

 

 

 

42. Now that you have completed the Engagement Project, please explain what you like most about 

participating in this project. 
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43. Now that you have completed the Engagement Project, please explain what could have improved 

the experience.  

 

 

 

 

 

 

 

 

44. Now that you have completed the Engagement Project, will you continue to be involved, engaged 

or informed about the Superfund site and/or other contamination sites? 
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APPENDIX B 

 

Selected Example of 

Local Well 

Lab Testing Results  
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LABORATORY REPORT /  RESULTS 

 

 

 

 

 

 

 

 

 

 

 

 

 

Important Notes and/or Comments:   __BDL: Below detection limit____ ____________________________      

___________________________________________________________________________________________

_____________________________________________________________         __________________ 

Name of Analyst :__S. Fairfield_and P Rundhuag___________________________        Date _  02/23/18             

___   Laboratory Director:  _J. Anderson___________________     Quality Control Manager:     P. Allen____ 

(A) Primary drinking water standard (MCL)  (B) Secondary DWS   (C) Recommended level  (D) MCLG  (E) TTL  

 

Customer Name:                                                     

Date  Sample Taken :      2/19/2018                                       

Date Received :                 2/21/2018                                       

Date Extracted / Prepared :        2/22/2018                                       

Date Analyzed :                              2/23/2018                                       

Date of Report  :  3/16/2018                                       

Preservation Time:  14 days 

Name or ID of Sample:                    P-03 (from site)                               

Laboratory Control Number:   AZ-098791                                           

Quality Control Batch Number : 23827457                                                            

Type :                                 Subsurface Aquifer Water                                

Analyzed  Info. Cusip:                    23-8697-589                                          

Report   Type  :   Empirical Number                 

Sample Type:                                  Subsurface Water  

                                  Sample ID / Number Name:      Natural Ground Water from Rain Percolation 

Analyte Tested For           Results                  Maximum Allowed                     Normal Range                          

perchlorate (ion)                            420 ug/l        10 ug/l    0.00 ug/l              (D)(C)                                                                                                                       

mercury                               BDL         0.002 ug/l   0.0  -  .0010 ug/l     (A)                                                                                                           

nitrate -N                                         7000 mg/l        10.0 mg/l   0.1  -  7.8 mg/l        (A)                                                                                                                      

pH                                                     7.1         6.5-8.5    6.5  -  8.5                  (A)                                                                                                                      

radon                                      ND         5 pCi/L    0.1  -  4    pCi/L      (A)                                                                                                                          

sodium                                             1.88 mg/l       not set (varies)   0.1  -  10.1 mg/l      (B)                                                                                                           

total dissolved solids                     1400 mg/l        500 mg/l   80  -  500 mg/l        (A)                                                                                                          

calcium    42.1 mg/l       not set    10  -  700 mg/l        (B)                                          

Analytical Testing Services                 

ESL                      

Research Support Testing  

Environmental Science & 

Research Laboratories                             

8000 S. Kolb Road Tucson AZ 

85756 at UA Science Tech 

Park         
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_____________________________________________________________________________________ 

LABORATORY REPORT /  RESULTS 

 

 

 

 

 

 

 

 

Important Notes and/or Comments:   __ND: None detected_________________________________________          

_________________________________________________________________________________________N

ame of Analyst :__S. Fairfield_and P Rundhuag___________________________        Date _02/23/18             ___   

Laboratory Director:  _J. Anderson___________________     Quality Control Manager:__P. Allen____________ 

 

 

 

 

Chemical Name Level of Presence Found 

ACENAPHTHENE  BDL: Below detection limit 

Customer Name:  P.                                               

Date  Sample Taken :      2/19/2018                                       

Date Received :                 2/21/2018                                       

Date Extracted / Prepared :        2/22/2018                                       

Date Analyzed :                              2/23/2018                                       

Date of Report  :  3/16/2018                                       

Preservation Time:  14 days 

Name or ID of Sample:              MW-21 (from site)                                

Laboratory Control Number :   AZ-098790                                           

Quality Control Batch Number : 23827457                                                            

Type :     Subsurface Water from Rain Percolation                                

Analyzed  Info. Cusip:                    23-8697-589                                          

Report   Type  :   Empirical Number                 

Sample Type:                                  Subsurface Water  

Analytical Testing Services                 

ESL                      

Research Support Testing  

Environmental Science & 

Research Laboratories                             

8000 S. Kolb Road Tucson AZ 

85756 at UA Science Tech 

Park         

 
 

                                  Sample ID / Number Name:      Natural Ground Water from Rain Percolation 

Analyte Tested For           Results                  Maximum Allowed                     Normal Range                          

perchlorate (ion)                            840 ug/l        10 ug/l  (D)(C)  0.00 ug/l                                                                                                                    

mercury                               BDL         0.002 ug/l (A)  0.0  -  .0010 ug/l                                                                                                                   

nitrate -N                                         18000 mg/l        10.0 mg/l (A)  0.1  -  7.8 mg/l                                                                                                                     

pH                                                     7.1         6.5-8.5  (A)  6.5  -  8.5                                                                                                                                    

radon                                      BDL         5 pCi/L  (A)  0.1  -  4    pCi/L                                                              

sodium                                             1.23 mg/l       not set (varies) (B)  0.1  -  10.1 mg/l                                        

total dissolved solids                     1400 mg/l        500 mg/l (A)  80  -  500 mg/l                                                                                                                     

calcium    40.1 mg/l       not set  (B)  10  -  700 mg/l        

Important Notes and/or Comments:   __BDL: Below detection limit__________     __ _________ __________ 

____   ___________          _________________________ ________ ______ ___________________________  

___ ________________________________________________________________________         _________ 

 

Name of Analyst :__S. Fairfield_and P Rundhuag___________________________        Date _02/23/18                

Laboratory Director:  _J. Anderson___________________     Quality Control Manager:  P. Allen_____                     

(A) Primary drinking water standard (MCL)  (B) Secondary DWS   (C) Recommended level  (D) MCLG  (E) TTL  
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ACENAPHTHYLENE  

BDL: Below detection limit 

ACROLEIN  

BDL: Below detection limit 

ACRYLONITRILE  

BDL: Below detection limit 

ALDRIN  

BDL: Below detection limit 

ALPHA-ENDOSULFAN  

BDL: Below detection limit 

ALPHA-LINDANE  

BDL: Below detection limit 

ANTHRACENE  

BDL: Below detection limit 

ANTIMONY  

BDL: Below detection limit 

AROCLOR 1016  

BDL: Below detection limit 

AROCLOR 1221  

BDL: Below detection limit 

AROCLOR 1232  

BDL: Below detection limit 

AROCLOR 1242  

BDL: Below detection limit 

AROCLOR 1248  

BDL: Below detection limit 

AROCLOR 1254  

BDL: Below detection limit 

AROCLOR 1260  

BDL: Below detection limit 

ARSENIC (A) BDL: Below detection limit 

ASBESTOS (FRIABLE)  

BDL: Below detection limit 

BENZ(A)ANTHRACENE  

BDL: Below detection limit 

BENZENE  

BDL: Below detection limit 

BENZIDINE  

BDL: Below detection limit 

BENZO(A)PYRENE  

BDL: Below detection limit 

BENZO(B)FLUORANTHENE  

BDL: Below detection limit 

BENZO(GHI)PERYLENE  

BDL: Below detection limit 
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BENZO(K)FLUORANTHENE  

BDL: Below detection limit 

Chemical Name 

 

Level of Presence Found 

BERYLLIUM  

BDL: Below detection limit 

BETA-ENDOSULFAN  

BDL: Below detection limit 

BETA-LINDANE  

BDL: Below detection limit 

BIS(2-CHLORO-1-METHYLETHYL) ETHER  

BDL: Below detection limit 

BIS(2-CHLOROETHOXY)METHANE  

BDL: Below detection limit 

BIS(2-CHLOROETHYL) ETHER  

BDL: Below detection limit 

BIS(2-CHLOROISOPROPYL) ETHER  

BDL: Below detection limit 

BIS(2-ETHYLHEXYL)PHTHALATE  

BDL: Below detection limit 

BIS(CHLOROMETHYL) ETHER  

BDL: Below detection limit 

4-BROMOPHENYL PHENYL ETHER  

BDL: Below detection limit 

CADMIUM  

BDL: Below detection limit 

CAMPHECHLOR  

BDL: Below detection limit 

CARBON TETRACHLORIDE  

BDL: Below detection limit 

4-CHLOR-M-CRESOL  

BDL: Below detection limit 

CHLORDANE  

BDL: Below detection limit 

CHLOROBENZENE  

BDL: Below detection limit 

CHLORODIBROMOMETHANE  

BDL: Below detection limit 

CHLOROETHANE  

BDL: Below detection limit 

2-CHLOROETHYL VINYL ETHER  

BDL: Below detection limit 

CHLOROFORM  

BDL: Below detection limit 
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CHLOROMETHANE  

BDL: Below detection limit 

2-CHLORONAPHTHALENE  

BDL: Below detection limit 

2-CHLOROPHENOL  

BDL: Below detection limit 

4-CHLOROPHENYL PHENYL ETHER  

BDL: Below detection limit 

CHROMIUM  

BDL: Below detection limit 

 

Chemical Name 

 

Level of Presence Found 

COPPER  

 0.82 mg/l 

CYANIDE  

BDL: Below detection limit 

DDD  

BDL: Below detection limit 

DDE  

BDL: Below detection limit 

DDT  

BDL: Below detection limit 

DELTA-LINDANE  

BDL: Below detection limit 

DI-N-OCTYL PHTHALATE  

BDL: Below detection limit 

DI-N-PROPYLNITROSAMINE  

BDL: Below detection limit 

DIBENZ(A,H)ANTHRACENE  

BDL: Below detection limit 

1,2-DIBROMOETHANE  

BDL: Below detection limit 

DIBUTYL PHTHALATE  

BDL: Below detection limit 

1,4-DICHLOROBENZENE  

BDL: Below detection limit 

1,2-DICHLOROBENZENE  

BDL: Below detection limit 

1,3-DICHLOROBENZENE  

BDL: Below detection limit 

3,3'-DICHLOROBENZIDINE  

BDL: Below detection limit 

DICHLOROBROMOMETHANE  

BDL: Below detection limit 
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1,2-DICHLOROETHANE  

BDL: Below detection limit 

1,1-DICHLOROETHANE  

BDL: Below detection limit 

1,1-DICHLOROETHYLENE  

BDL: Below detection limit 

DICHLOROMETHANE  

BDL: Below detection limit 

2,4-DICHLOROPHENOL  

BDL: Below detection limit 

1,2-DICHLOROPROPANE  

BDL: Below detection limit 

1,3-DICHLOROPROPENE (MIXED ISOMERS)  

BDL: Below detection limit 

DIELDRIN  

BDL: Below detection limit 

DIETHYL PHTHALATE  

BDL: Below detection limit 

 

DIMETHYL PHTHALATE 

 

BDL: Below detection limit 

2,4-DIMETHYLPHENOL  

BDL: Below detection limit 

4,6-DINITRO-O-CRESOL 

BDL: Below detection limit 

2,4-DINITROPHENOL  

BDL: Below detection limit 

2,4-DINITROTOLUENE  

BDL: Below detection limit 

2,6-DINITROTOLUENE  

BDL: Below detection limit 

1,2-DIPHENYLHYDRAZINE  

BDL: Below detection limit 

ENDOSULFAN SULFATE  

BDL: Below detection limit 

ENDRIN  

BDL: Below detection limit 

ENDRIN ALDEHYDE  

BDL: Below detection limit 

ETHYLBENZENE  

BDL: Below detection limit 

FLUORANTHENE  

BDL: Below detection limit 

FLUORENE  

BDL: Below detection limit 
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GAMMA-LINDANE  

BDL: Below detection limit 

HEPTACHLOR  

BDL: Below detection limit 

HEPTACHLOR EPOXIDE  

BDL: Below detection limit 

HEXACHLORO-1,3-BUTADIENE  

BDL: Below detection limit 

HEXACHLOROBENZENE  

BDL: Below detection limit 

HEXACHLOROCYCLOPENTADIENE  

BDL: Below detection limit 

HEXACHLOROETHANE  

BDL: Below detection limit 

INDENO(1,2,3-CD)PYRENE  

BDL: Below detection limit 

ISOPHORONE  

BDL: Below detection limit 

LEAD  

0.001 mg/l 

MERCURY  

BDL: Below detection limit 

METHANAMINE, N-METHYL-N-NITROSO  

BDL: Below detection limit 

METHYL BROMIDE  

BDL: Below detection limit 

Chemical Name 

 

Level of Presence Found 

NAPHTHALENE  

BDL: Below detection limit 

NICKEL  

BDL: Below detection limit 

NITROBENZENE  

BDL: Below detection limit 

4-NITROPHENOL  

BDL: Below detection limit 

2-NITROPHENOL  

BDL: Below detection limit 

PENTACHLOROPHENOL  

BDL: Below detection limit 

PHENANTHRENE  

BDL: Below detection limit 

PHENOL  

BDL: Below detection limit 
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PYRENE  

BDL: Below detection limit 

SELENIUM  

BDL: Below detection limit 

SILVER  

BDL: Below detection limit 

2,3,7,8-TETRACHLORODIBENZO-P-DIOXIN (TCDD) 

BDL: Below detection limit 

1,1,2,2-TETRACHLOROETHANE  

BDL: Below detection limit 

TETRACHLOROETHYLENE  

BDL: Below detection limit 

2,3,4,6-TETRACHLOROPHENOL  

BDL: Below detection limit 

THALLIUM  

BDL: Below detection limit 

TOLUENE  

BDL: Below detection limit 

1,2-TRANS-DICHLOROETHYLENE  

BDL: Below detection limit 

TRIBROMOMETHANE  

BDL: Below detection limit 

1,2,4-TRICHLOROBENZENE  

BDL: Below detection limit 

1,1,2-TRICHLOROETHANE  

BDL: Below detection limit 

1,1,1-TRICHLOROETHANE  

BDL: Below detection limit 

TRICHLOROETHYLENE  

BDL: Below detection limit 

2,4,6-TRICHLOROPHENOL  

BDL: Below detection limit 

VINYL CHLORIDE  

BDL: Below detection limit 

ZINC  BDL: Below detection limit 

 

 

 

 

NOTICE 

ESL and New Leaf Lab are a contract research laboratory facility contracted with University of Arizona and others to study water quality 

for research purposes. With two locations and a mobile on-site laboratory for geo-exploration and environmental soil-gas testing 

capability, we search for subsurface contaminants.  We are not an ADHS compliance testing facility for the purposes of fulfilling your 

mandatory submissions of regulatory required testing results. We perform analyses on any type of material as an analytical research 

laboratory as a member of the internationally recognized Association Of Analytical Chemists (AOAC). We specialize is research support 

analytical services, formula breakdown and determining the presence of any unknown in liquid / fluids, solid material, tissue, or gaseous 

vapor form samples. We operate several gas chromatographs with an MS or  FID/ TCD / PID / HALL, ECD, Electrolytic or Organophosphate 

Detector as well as Atomic Absorption/Emission and Inductively Coupled Plasma spectrophotometers and perform numerous types of 

Microscopy analyses, Ion Chromatography, NMR and Scanning IR fingerprints 
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Previous Results for Site Water Used for Perchlorate Reducing Reactor Testing  

 

 

 

 

 

 

 

 

 

 

 

 

 

 BDL: Below detection limit   (log: log of H+ ions as opposed to ppm)   ppm (wt/vol) means mg/l 

TOTAL Potassium by A.A.:_ 

Ammonium (cation by IC) 

Perchlorate (Anion by IC) 

Nitrate as N_(Spectrophoto) 

73 mg/l  

65 mg/l (likely from ammonium nitrate and ammonium perchlorate) 

220 ug/l   

50 mg/l 

                                  Sample ID / Number Name:      Natural Water from Rain Percolation 

Analyte Tested For           Results (ppm)               Maximum Allowed (ppm)          Normal Range (ppm)                          

arsenic                                         BDL         0.010    0.0  -  0.17                                                                                                            

chloride                                      0.09         250    0.0  -  400                                                                                                                          

fluoride                                            0.4         2.0    0.0  -  4.1                                                  

hardness                                          167         190    80  -  200                                                                                                                          

copper                               0.82         1.3    0.1  -  2.1                                                                                                                    

lead                                                   0.001        0.015    0.0  -  0.13                                                                                                                                       

selenium                                       BDL         0.05    0.01  -  0.05                                                                                                                         

mercury                               BDL        0.002    0.0  -  .0010                                                       

nitrate                                              57         10.0    0.1  -  7.8                                                                                         

pH                                                     7.1 (log)       6.5 - 8.5   6.5  -  8.5                                                                                                                          

radon                                      BDL         5 pCi/L    0.1  -  4                                                                                                                                            

sodium                                             11.2        11.0    10  -  50                                                                                                                                             

sulfate                                              13         250    1.0  -  500                                                                                                                          

total coliform bacteria              BDL         5.0    0.0  -  2.1                                                                          

fecal coliform bacteria              BDL        0.0    0.0  -  1                                                                                                                         

cryptosporidium                         BDL         0.0    0.0  -  1                                                                                                                            

total dissolved solids                     1140        500    80  -  500                                                                                                                          

calcium    30.1         not set    10  -  700                                                                                                                    
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Also previously present in previous tests found in historical data  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

  

NOTICE 

ESL and New Leaf Lab are a contract research laboratory facility contracted with University of Arizona and 

others to study water quality for research purposes. With two locations and a mobile on-site laboratory for geo-

exploration and environmental soil-gas testing capability, we search for subsurface contaminants.  We are not 

an ADHS compliance testing facility for the purposes of fulfilling your mandatory submissions of regulatory 

required testing results. We perform analyses on any type of material as an analytical research laboratory as a 

member of the internationally recognized Association Of Analytical Chemists (AOAC). We specialize is research 

support analytical services, formula breakdown and determining the presence of any unknown in liquid / fluids, 

solid material, tissue, or gaseous vapor form samples. We operate several gas chromatographs with an MS or  

FID/ TCD / PID / HALL, ECD, Electrolytic or Organophosphate Detector as well as Atomic Absorption/Emission 

and Inductively Coupled Plasma spectrophotometers and perform numerous types of Microscopy analyses, Ion 

Chromatography, NMR and Scanning IR fingerprints 
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___________________________________________________________________________________ 

Dear ________________ 

         Your testing sample was analyzed for minerals, metals and bacterial content with some positive 

results.  There were no indications of any microorganisms but some minerals such as calcium, sodium, 

sulfates and chloride were found as well as low levels of certain metals. No anomalies or levels of results 

were to be concerned about but the water was fairly high in the hard range. There was no presence of 

Volatile Organic Compounds, Pesticides or Herbicides in your water. Then, nitrate level was relatively high 

but nothing to be concerned about. 

         Enclosed are your results, some information we have compiled for you, along with normal ranges of these 

things tested for. Please feel free to contact us with any questions you may have regarding this report, about 

any contamination issues, or about levels of particular constituents within your water. 

        Thank you for choosing our lab for your testing need and for trusting us to explain and present the results in a 

timely and effective manner.  I hope our service has been meaningful and useful for you.  There are many people 

north and northwest of the Apache Powder Superfund site where EPA has identified contamination plumes that 

have travelled to the north and northwest for several kilometers.  I would like to address this issue with local 

individuals of the community to make sure they are aware of the problem, and to know that testing is available, 

and to show what options are available if the water is high in contaminant levels.  Perhaps you could be 

instrumental in setting up this type of meeting for the community with me and few water, well experts from the 

University of Arizona.    

Sincerely, 

Pat Allen Rundhaug,                                                                                                                                                                    

Environmental Health Chemist                                                                                                                                                                                                                                                                                   

(928) 263-6300                                                                                                                                                                                  

Direct Cell Phone No.  (520) 262-7296                                                                                                                                                 

email:    prundhaug@gmail.com 

 

 

                                                                                                                             

Tucson Testing LAB service Inc.                

TLS                      

www.TucsonTestingLab.com 

New Leaf Lab Testing & 

Systems  Engineering                   

P.O. Box 605                          

Benson, AZ 85756                                 

(928) 263-6300 

www.newleaflab.com  
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FAX TRANSMISSION 

To:  From: [Type the sender name] 

Fax: Report Pages: 4 

Phone: 928-263-6300 Date: [Pick the date] 

Re: Results CC: [Type text] 

 
 
 

Urgent X 
 

For Review  
 

Please Comment  
 

Please Reply  
 

Please Recycle 

  Our fax : (206) 345-6363       and    Our email:   info@tucsontestinglab.com  

Reference Information 

0-60       soft_______(water hardness)_______________________________________________ 

60-120  medium_________________                                _________________________________ 

120-180    hard__________________________________                                ___________________ 

180+   very hard____________________________________________                                _____ 

Acceptable lead levels in paint: below 1 µg/ml_____________________________________________           

Acceptable formaldehyde levels in flooring: below 0.6 µg/mg________________________________ 

Asbestos: Non friable is okay. Friable and Blue Crysatyle forms are not_________________________ 

                                                  NOTICE:                                                                                                                             
This fax transmission is specifically intended for the purpose of being seen and read by the person who is named 

above.  If you receive this transmission in error please destroy it immediately and call the sender at the phone 

number above or Toll Free (844) 3-My Test.  Any information disseminated by accident or sent to the wrong 

person should not be read, transmitted, or transferred in any way.  If it is, the recipient will be punished by the 

fullest possible extent of the law. 

New Leaf Lab Testing &      

Systems  Engineering                       

P.O. box 605                          

Tucson, AZ 85756                                 

(928) 263-6300 

www.newleaflab.com 

           www.newleaflab.com 
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LABORATORY REPORT /  RESULTS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                                                                                                                                                                                                                                        

Results in mg/l or ppm (wt/vol) unless otherwise indicated 

New Leaf Lab Testing & 

Systems  Engineering                   

P.O. Box 605                          

Tucson, AZ 85756                                 

(928) 263-6300 

www.newleaflab.com 
 

           www.newleaflab.com 

Customer Name:                                                    

Date  Sample Taken :      11/18/2017                                       

Date Received :                 11/18/2017                                  

Date Extracted / Prepared :        11/18/2017                                  

Date Analyzed :                              11/20/2017                                

Date of Report  :   11/22/2017                 

Preservation Time:  14 days 

Name or ID of Sample:                 AZ 36499-09                                    

Laboratory Control Number :   23098788                                           

Quality Control Batch Number : 23827457                                            

Type :        Natural Water from Rain Percolation                                

Analyzed  Info. Cusip:                    23-8697-211                                          

Report   Type  :   Empirical Number                 

Sample Type:         Natural Rain Percolated Water  

                                  Sample ID / Number Name:      Natural Ground Water from Rain Percolation 

Analyte Tested For       Results (mg/l)          Maximum Allowed                     Normal Range                      

perchlorate                                        ND ug/l        11 ug/l       ND ug/l ((D)                                                                                                                      

chloride                                      0.09         250    0.0  -  400                                         

fluoride                                            0.4         2.0    0.0  -  4.1                                                                                                                          

hardness                                          167         190    80  -  200                                                                                                  

copper                               0.82         1.3    0.1  -  2.1                                                                                                                               

lead                                                   0.001        0.015    0.0  -  0.13                                                                                                                         

selenium                                       ND         0.05    0.01  -  0.05                                    

mercury                               ND         0.002    0.0  -  .0010                                                                                                                        

nitrate                                              12.6         10.0    0.1  -  7.8                                                                                                                          

pH                                                     7.1  (log)      6.5-8.5    6.5  -  8.5                                                                                                            

radon                                      ND         5 pCi/L    0.1  -  4                                                                                                                            

sodium                                             1.23         11.0    0.1  -  10.1                                                                                                                         

sulfate                                              13         250    1.0  -  500                                                      

total coliform bacteria              ND         5.0    0.0  -  2.1                                                                                                                          

fecal coliform bacteria              ND         0.0    0.0  -  1                                                                                                                                  

cryptosporidium                         ND         0.0    0.0  -  1                                             

total dissolved solids                     140         500    80  -  500                                                         

calcium    30.1         not set    10  -  700                                                                                                                              

Important Notes and/or Comments:   __ND: None detected_______________________________________           

Name of Analyst :__S. Fairfield_____________________________  _             Date _12/22/15             _______   

Laboratory Director:  _J. Anderson___________________                Quality Control Manager:____P. Allen___ 
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Chemical Name Level of Presence Found 

ACENAPHTHENE  BDL: Below detection limit 

ACENAPHTHYLENE  

BDL: Below detection limit 

ACROLEIN  

BDL: Below detection limit 

ACRYLONITRILE  

BDL: Below detection limit 

ALDRIN  

BDL: Below detection limit 

ALPHA-ENDOSULFAN  

BDL: Below detection limit 

ALPHA-LINDANE  

BDL: Below detection limit 

ANTHRACENE  

BDL: Below detection limit 

ANTIMONY  

BDL: Below detection limit 

AROCLOR 1016  

BDL: Below detection limit 

AROCLOR 1221  

BDL: Below detection limit 

AROCLOR 1232  

BDL: Below detection limit 

AROCLOR 1242  

BDL: Below detection limit 

AROCLOR 1248  

BDL: Below detection limit 

AROCLOR 1254  

BDL: Below detection limit 

AROCLOR 1260  

BDL: Below detection limit 

ARSENIC  

BDL: Below detection limit 

ASBESTOS (FRIABLE)  

BDL: Below detection limit 

BENZ(A)ANTHRACENE  

BDL: Below detection limit 

BENZENE  

BDL: Below detection limit 

BENZIDINE  

BDL: Below detection limit 
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BENZO(A)PYRENE  

BDL: Below detection limit 

BENZO(B)FLUORANTHENE  

BDL: Below detection limit 

BENZO(GHI)PERYLENE  

BDL: Below detection limit 

BENZO(K)FLUORANTHENE  

BDL: Below detection limit 

Chemical Name 

 

Level of Presence Found 

BERYLLIUM  

BDL: Below detection limit 

BETA-ENDOSULFAN  

BDL: Below detection limit 

BETA-LINDANE  

BDL: Below detection limit 

BIS(2-CHLORO-1-METHYLETHYL) ETHER  

BDL: Below detection limit 

BIS(2-CHLOROETHOXY)METHANE  

BDL: Below detection limit 

BIS(2-CHLOROETHYL) ETHER  

BDL: Below detection limit 

BIS(2-CHLOROISOPROPYL) ETHER  

BDL: Below detection limit 

BIS(2-ETHYLHEXYL)PHTHALATE  

BDL: Below detection limit 

BIS(CHLOROMETHYL) ETHER  

BDL: Below detection limit 

4-BROMOPHENYL PHENYL ETHER  

BDL: Below detection limit 

CADMIUM  

BDL: Below detection limit 

CAMPHECHLOR  

BDL: Below detection limit 

CARBON TETRACHLORIDE  

BDL: Below detection limit 

4-CHLOR-M-CRESOL  

BDL: Below detection limit 

CHLORDANE  

BDL: Below detection limit 

CHLOROBENZENE  

BDL: Below detection limit 

CHLORODIBROMOMETHANE  

BDL: Below detection limit 
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CHLOROETHANE  

BDL: Below detection limit 

2-CHLOROETHYL VINYL ETHER  

BDL: Below detection limit 

CHLOROFORM  

BDL: Below detection limit 

CHLOROMETHANE  

BDL: Below detection limit 

2-CHLORONAPHTHALENE  

BDL: Below detection limit 

2-CHLOROPHENOL  

BDL: Below detection limit 

4-CHLOROPHENYL PHENYL ETHER  

BDL: Below detection limit 

CHROMIUM  

BDL: Below detection limit 

 

Chemical Name 

 

Level of Presence Found 

COPPER  

 0.79 

CYANIDE  

BDL: Below detection limit 

DDD  

BDL: Below detection limit 

DDE  

BDL: Below detection limit 

DDT  

BDL: Below detection limit 

DELTA-LINDANE  

BDL: Below detection limit 

DI-N-OCTYL PHTHALATE  

BDL: Below detection limit 

DI-N-PROPYLNITROSAMINE  

BDL: Below detection limit 

DIBENZ(A,H)ANTHRACENE  

BDL: Below detection limit 

1,2-DIBROMOETHANE  

BDL: Below detection limit 

DIBUTYL PHTHALATE  

BDL: Below detection limit 

1,4-DICHLOROBENZENE  

BDL: Below detection limit 

1,2-DICHLOROBENZENE  

BDL: Below detection limit 
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1,3-DICHLOROBENZENE  

BDL: Below detection limit 

3,3'-DICHLOROBENZIDINE  

BDL: Below detection limit 

DICHLOROBROMOMETHANE  

BDL: Below detection limit 

1,2-DICHLOROETHANE  

BDL: Below detection limit 

1,1-DICHLOROETHANE  

BDL: Below detection limit 

1,1-DICHLOROETHYLENE  

BDL: Below detection limit 

DICHLOROMETHANE  

BDL: Below detection limit 

2,4-DICHLOROPHENOL  

BDL: Below detection limit 

1,2-DICHLOROPROPANE  

BDL: Below detection limit 

1,3-DICHLOROPROPENE (MIXED ISOMERS)  

BDL: Below detection limit 

DIELDRIN  

BDL: Below detection limit 

DIETHYL PHTHALATE  

BDL: Below detection limit 

 

DIMETHYL PHTHALATE 

BDL: Below detection limit 

2,4-DIMETHYLPHENOL  

BDL: Below detection limit 

4,6-DINITRO-O-CRESOL 

BDL: Below detection limit 

2,4-DINITROPHENOL  

BDL: Below detection limit 

2,4-DINITROTOLUENE  

BDL: Below detection limit 

2,6-DINITROTOLUENE  

BDL: Below detection limit 

1,2-DIPHENYLHYDRAZINE  

BDL: Below detection limit 

ENDOSULFAN SULFATE  

BDL: Below detection limit 

ENDRIN  

BDL: Below detection limit 

ENDRIN ALDEHYDE  

BDL: Below detection limit 
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ETHYLBENZENE  

BDL: Below detection limit 

FLUORANTHENE  

BDL: Below detection limit 

FLUORENE  

BDL: Below detection limit 

GAMMA-LINDANE  

BDL: Below detection limit 

HEPTACHLOR  

BDL: Below detection limit 

HEPTACHLOR EPOXIDE  

BDL: Below detection limit 

HEXACHLORO-1,3-BUTADIENE  

BDL: Below detection limit 

HEXACHLOROBENZENE  

BDL: Below detection limit 

HEXACHLOROCYCLOPENTADIENE  

BDL: Below detection limit 

HEXACHLOROETHANE  

BDL: Below detection limit 

INDENO(1,2,3-CD)PYRENE  

BDL: Below detection limit 

ISOPHORONE  

BDL: Below detection limit 

LEAD  

0.002 mg/l 

MERCURY  

BDL: Below detection limit 

METHANAMINE, N-METHYL-N-NITROSO  

BDL: Below detection limit 

METHYL BROMIDE  

BDL: Below detection limit 

Chemical Name 

 

Level of Presence Found 

NAPHTHALENE  

BDL: Below detection limit 

NICKEL  

BDL: Below detection limit 

NITROBENZENE  

BDL: Below detection limit 

4-NITROPHENOL  

BDL: Below detection limit 

2-NITROPHENOL  

BDL: Below detection limit 
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PENTACHLOROPHENOL  

BDL: Below detection limit 

PHENANTHRENE  

BDL: Below detection limit 

PHENOL  

BDL: Below detection limit 

PYRENE  

BDL: Below detection limit 

SELENIUM  

BDL: Below detection limit 

SILVER  

BDL: Below detection limit 

2,3,7,8-TETRACHLORODIBENZO-P-DIOXIN (TCDD) 

BDL: Below detection limit 

1,1,2,2-TETRACHLOROETHANE  

BDL: Below detection limit 

TETRACHLOROETHYLENE  

BDL: Below detection limit 

2,3,4,6-TETRACHLOROPHENOL  

BDL: Below detection limit 

THALLIUM  

BDL: Below detection limit 

TOLUENE  

BDL: Below detection limit 

1,2-TRANS-DICHLOROETHYLENE  

BDL: Below detection limit 

TRIBROMOMETHANE  

BDL: Below detection limit 

1,2,4-TRICHLOROBENZENE  

BDL: Below detection limit 

1,1,2-TRICHLOROETHANE  

BDL: Below detection limit 

1,1,1-TRICHLOROETHANE  

BDL: Below detection limit 

TRICHLOROETHYLENE  

BDL: Below detection limit 

2,4,6-TRICHLOROPHENOL  

BDL: Below detection limit 

VINYL CHLORIDE  

BDL: Below detection limit 

ZINC  

BDL: Below detection limit 
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Appendix C 

  

  

Additional Site Testing Results  

(Riverbed Soils) 
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Location of additional well water sample (1) of private well water 

 

 

 

 

 

 

 

 

1

1

Analytical Lab Test Results for Additional Site Test Samples                                       

Samples Taken on  7/23/2017 -  Analyzed 7/24/2017 

 

Sample ID /Location     Nitrate-N Results (ppm)    Perchlorate Result (ppb)                                                                  

1  (water)                           1840   mg/l       10 ug/l                     

2  (soil)                             3.3      mg/kg   BDL                                                                                                                                 

3  (soil)                            18 mg/kg      BDL                                                                                                                                 

4  (soil)                                        7.1       mg/kg      BDL                                                                                                                                 

5  (soil)                                    6.5       mg/kg      BDL                                                                                                                                 

6  (soil)                                 1.23      mg/kg      BDL                                                                                                                                 

7  (soil)                     1.4 mg/kg           BDL                                                                                                                                 

8  (soil)    4.1       mg/kg      BDL 

BDL: Below detection limit 
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    Location of additional soil and riverbed sediment samples taken No. 2-8 

21

31

41 

51 

61

71

81
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LABORATORY REPORT /  RESULTS 

 

 

 

 

 

 

 

 

 

 

 

 

 

Important Notes and/or Comments:   __BDL: Below detection limit_ ___________________________________          

___________________________________________________________________________________________

__________________________________________________________         ____________________________ 

Name of Analyst :__S. Fairfield_and P Rundhuag___________________________        Date _02/23/18           ___   

Laboratory Director:  _J. Anderson___________________     Quality Control Manager:__    P. Allen_____ 

 

 

Customer Name:              P. Rundhaug                                     

Date  Sample Taken :      2/19/2018                                       

Date Received :                 2/21/2018                                       

Date Extracted / Prepared :        2/22/2018                                       

Date Analyzed :                              2/23/2018                                       

Date of Report  :  3/16/2018                                       

Preservation Time:  14 days 

Name or ID of Sample:                    P-03                                

Laboratory Control Number :   AZ-098791                                           

Quality Control Batch Number : 23827457                                                            

Type :                                 Subsurface Aquifer Water                                 

Analyzed  Info. Cusip:                    23-8697-589                                          

Report   Type  :   Empirical Number                 

Sample Type:                                  Subsurface Water  

                                  Sample ID / Number Name:      Natural Water from Rain Percolation 

Analyte Tested For           Results                  Maximum Allowed                     Normal Range                          

perchlorate (ion)                            840  ug/l      10 ug/l        (D)   0.00                                                                                                                         

nitrate -N                                         18000  mg/l      10.0 mg/l    (A)   0.1  -  7.8                                                                                                                          

pH                                                     7.1         6.5-8.5    6.5  -  8.5                                                                                                                                    

Analytical Testing Services                 

ESL                      

Research Support Testing  

Environmental Science & 

Research Laboratories                             

8000 S. Kolb Road Tucson AZ 

85756 at UA Science Tech 

Park         
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NOTICE 

ESL and New Leaf Lab are a contract research laboratory facility contracted with University of Arizona and 

others to study water quality for research purposes. With two locations and a mobile on-site laboratory for geo-

exploration and environmental soil-gas testing capability, we search for subsurface contaminants.  We are not 

an ADHS compliance testing facility for the purposes of fulfilling your mandatory submissions of regulatory 

required testing results. We perform analyses on any type of material as an analytical research laboratory as a 

member of the internationally recognized Association Of Analytical Chemists (AOAC). We specialize is research 

support analytical services, formula breakdown and determining the presence of any unknown in liquid / fluids, 

solid material, tissue, or gaseous vapor form samples. We operate several gas chromatographs with an MS or  

FID/ TCD / PID / HALL, ECD, Electrolytic or Organophosphate Detector as well as Atomic Absorption/Emission 

and Inductively Coupled Plasma spectrophotometers and perform numerous types of Microscopy analyses, Ion 

Chromatography, NMR and Scanning IR fingerprints 
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Appendix D 

ZVI Pilot Plant Study Report 
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12-22-2017 

Interim Report for Plant Pilot Study  

Conducted for 

United States Environmental Protection Agency 

As Part of 

 

 

EPA 2016-394498PPS 
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Interim Report for Plant Pilot Study  

Conducted for 

United States Environmental Protection Agency 

 

 

In reference to EPA 2016-394498PPS This study was conducted to determine the usefulness and 

effectiveness of the improvements to the use of zero valent iron as a potential onsite pump and treat 

technology that may be used at the surface of a site to treat groundwater pumped from below the 

surface at the site.  Once at the surface, the water is pumped through a column-type reactor for 

treatment while passing through nano zero valent iron particles. 

Nano scale iron was used with a zero valent state to test the efficacy of perchlorate reduction 

process as a possible treatment for on-site pump and treat reduction during groundwater 

remediation operations. 

The tests proved effective with results that show the contamination can be treated in amounts below 

800 microgram per liter concentration and were able to reduce the levels of perchlorate by 94% if 

the flow was reduced to 0.5 gm at the scale used.  This would have to ramped up to be an effective 

treatment for a large scale remediation project. However, proof of concept was successful and 

proving the regeneration of the iron was possible through HCl washing was a major breakthrough.  
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Initial tests were conducted as lab bench studies to explore different ways to improve the speed at 

which reduction occurred or by the total amount reduced in a given time frame. Those column 

studies were meant to represent a large column type reactor but reduced to only slightly more than 

one foot in length. A column was packed with the nano-sized iron powder and the contaminated, 

perchlorate containing water was pumped through at approximately 5 psi       

Pilot Study Tests were 

conducted with powdered 

nano iron particles with a 

valent state of zero and less 

than 0.5 micrometers in 

diameter. 
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Executive Summary 

Pilot Study Tests were conducted on perchlorate contaminated water from the site of the Apache 

Powder Superfund Site in Saint David Arizona. The objective was to determine if water with a 

contaminant that can be reduced, may be effectively treated by a flow through column reactor that 

exposes the water and contaminant to nano ZVI and is eventually reduced. Several trial runs proved 

that the design is viable but additional residence time by either reducing flow rate or recirculating the 

flow of the contaminants in water, made the process significantly more effective. 

Methods were investigated methods of dehalogenation that are currently in use and the current status of 

these technologies being utilized on contaminated sites. Also, the syduy involved the improvement of 

specific parameters and variables of zero valent iron (ZVI) used to reductively dechlorinate a 

perchlorate salt, this technology was evaluated for use on a large-scale basis. ZVI’s potential use for 

other halogenated hydrocarbons such as PCB’s or halogenated aliphatics and other halogenated 

hydrocarbons was also investigated. This research project was focused on building and improving upon 
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previous ZVI reactors for the reduction of perchlorate in groundwater, including this EPA-guided field 

pilot study. Previous research was in electrochemical reductive dehalogenation by hydrogen fuel cell in 

the Department of Chemical and Environmental Engineering of University of Arizona; therefore, 

looking at those reaction mechanisms and what drives them seemed an appropriate. A previous white 

paper on perchlorate reduction laboratory tests and a previous patent received for electrochemical 

dehalogenation of halogenated hydrocarbons are both appended.  

It was determined from the literature review, that with significant contact time (or retention time), and a 

low level of contamination (no more than approximately 1000 ppm), ZVI had been proven effective. 

Once the concentration becomes such that the halogenated compound is too high, or if the contact time 

is minimal (from high flow rate), this reduction method is relatively ineffective at reducing the majority 

of the contaminant.  The reactor work was focused on improving upon previous designs and 

determining a way to enhance the possible use of a ZVI column reactor for pump and treat technology 

on the surface of a site versus slow moving groundwater passing through a barrier.  

1. Background 

It is well established that there are several mechanisms which result in dehalogenation of some classes 

of organic contaminants as well as halogenated salts, often rendering them less toxic to human health. 

These include: stimulation of metabolic sequences through introduction of electron donor and acceptor 

combinations; addition of nutrients to satisfy the requirements of dehalogenating microorganisms; the 

use of engineered micro-organisms; as well as the use of enzyme systems capable of catalyzing 

reductive dehalogenation. The current state of the use of reductive dehalogenation is discussed along 

with possible technological applications of relevant processes and mechanisms to the remediation of 

soil and ground water contaminated with chlorinated organics. As a conclusion, an overview of the 

research gap or needs is suggested which included work performed at the Apache Powder NPL or 
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Superfund Site. This was for development of possible pump and treat systems which bring the 

contaminated water to the surface and then treat it there followed by reinjection to reduce the mass of 

halogenated contaminants in soil and ground water (2). 

ZVI has been utilized for reductive dechlorination of several classes of halogenated contaminants. This 

included polychlorinated biphenyls, halogenated aliphatics, as well as halogenated salts like 

perchlorate, which I successfully developed a set of new parameters for by optimizing certain variables. 

I set out to determine whether a packed column or permeable barrier containing ZVI would be able to 

convert a PCB into a non-halogenated, aromatic, compound, if a chlorinated salt could be pumped 

through a column then come out the other end d chlorinated. In order to make these determinations I 

first researched literature to see how ZVI have been used, and then conducted several of my own 

experiments. 

Iron and other reductive metals have been used extensively for some time as an effective means for 

reducing halogenated contaminants. However, it's use in a pump and treat system has not been 

effectively demonstrated in any in literature. Rather, for very slow moving and long-term it was useful 

as a PRB (*permeable reactive barrier) or permeable barrier reservoir. This provided for contaminated 

groundwater in the ppb level to effectively have the chlorinated compound reduced over weeks months 

or even years of contact with the permeable barrier of fine iron particles. This process proved effective 

when groundwater flow was slow enough, and the contamination level was low enough. Although there 

may favorable thermodynamics to cause the reaction, kinetics required that extensive and lengthy 

contact times have been required. This is acceptable for slow moving groundwater that often advances 

no more than a couple feet per year. Spontaneous and instantaneous first order reactions rates were not 

prevalent.  As a part of this study it was determined that the variables that could be manipulated and 
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optimized to run a field scale reactor at 2gpm and calculated its practicality for upscaling it one hundred 

times greater volume or 200gpm.   

The possibility of ZVI being utilized for reductive dechlorination of several classes of halogenated 

contaminants was investigated and researched. This included polychlorinated biphenyls, halogenated 

aliphatics, as well as halogenated salts like perchlorate. I set out to determine whether a packed column 

or permeable barrier containing ZVI would be able to convert a PCB into a non-halogenated aromatic 

compounds, if a chlorinated salt could be pumped through a column then come out the other end d 

chlorinated. In order to make these determinations, the literature was reviewed to see how ZVI 

applications have been used, and then conducted several of my own experiments. 

 

 

2. Literature Review of Dehalogenation Methods 

Metallic Reductants 

Yoshiharu Mitoma, et al. in Environmental Science Technology showed (2) dehalogenation of aromatic 

halides using metallic calcium in ethanol at room temperature. The cleavage of the carbon−chlorine 

bond on the aromatic ring bearing electron-donating group was difficult compared to the one bearing 

electron-withdrawing group. This method was applied to the dechlorination of polychlorinated 

biphenyls (PCBs) in transformer oil. It was also found that the dechlorination took place easily under 

mild conditions. The existence of PCBs residue in the reaction at room temperature was less than 

0.04% according to the GC-MS analysis. The chlorine was identified as calcium chloride. 

In U.S. Patent 5,534,124 (Rundhaug) an effective reduction of PCB’s and other liquid halogenated 

organic compounds was reduced utilizing an electrical stimulant and metallic salts (attached).  And 

reducing halogenated hydrocarbons with platinum or palladium catalysts on the surface of a membrane 
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where contact was made along with dissolved hydrogen gas or another proton donor, proved an 

effective way to dehalogenate PCE, PCA, TCE, TCA, DCE and Chloroform. These compounds were 

all instantly reduced to ethane or methane except for trace detectable levels of the breakdown 

intermediaries (in the lab of Dr. Robert Arnold, University of Arizona Department of Chemical and 

Environmental Engineering).  Hydrogen gas was supplied to the cathode side of a hydrogen fuel cell 

where it was dissolved into a wet surface on the membrane coated with platinum catalyst for the 

reaction. However, these were for vaporous forms of the halogenated compounds such as would be 

removed from a landfill or VES (vapor extraction system) and the previous patent was a system 

designed for pure liquid halogenated contaminants as hazardous wastes. A method to use a more cost-

effective reductant such as iron that could deal with the presence of a contaminant in groundwater was 

required. 

I.                     ZVI Used In Permeable Reactive Barriers 

This has been a primary application of ZVI for years and is proven effective with minimum 

movement thereby exposing the ZVI to the contaminant for long periods of time.  

 

II. The use of zero-valent metals for environmental applications was first described in the literature 

in 1972 by Sweeny & Fischer (4). Years later, the observed disappearance of trichloroethene (TCE) 

in metal probes was a starting point for a more detailed study on the use of zero-valent metals 

(mainly Fe at a zero (0) valent state) for the remediation of groundwater contaminated with VOCl. 

(Gillham & O’Hannesin, 1994; Gillham et al., 1998; Tratnyek et al., 2003). Granular (bi)metallic 

materials (> 50 μm), such as, for instance, granular zero-valent iron (ZVI), have been studied for 

years for the in-situ removal of VOCl from groundwater in PRBs. (Bastiaans et al.) 
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III. For at least seven years now there has been a special interest in finer (bi)metallic materials, such 

as micro-scale (Cantrell & Kaplan, 1997; Choe et al. 2000) and nano-scale (bi)metallic particles 

(Wang & Zhang, 1997; Ponder et al., 2000; Lien & Zhang, 1999, 2001; Li et al., 2003; Zhang, 

2004). Due to their high specific surface, these materials are more reactive than granular materials, 

and due to their small particle-size they can be used in more diverse applications. The high 

reactivity of these materials makes it possible to remove a wide range of pollutants from the 

groundwater.  Moreover, it is possible to apply the material via injection at a great depth. Modified 

nano-scale zero-valent iron (nZVI), concretely emulsified nano-scale zero-valent iron (EZVI), even 

makes it possible, in theory, to treat free phase (DNAPL). The injection of nanoscale and micro-

scale zero-valent iron (mZVI) constitutes the basis of a new generation of in situ remediation 

techniques for the treatment of soil contamination with VOC’s.. 
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IV. Micro- and nano-scale zero-valent iron 

Fine ZVI materials can be subdivided into different categories based on particle size. An additional 

subdivision can be made based on the composition of the particles (metallic, bimetallic), surface 

modifications and the solution medium or carrier material (supported, emulsion). 

 

V. Micro-scale zero-valent iron (mZVI)and Nano-scale zero-valent iron (nZVI) 

Micro-scale (bi)metallic particles are, strictly speaking, particles with a diameter greater than 1µm. 

Nano-scale zero-valent iron particles are, strictly speaking, (bi)metallic particles with a diameter 

smaller than 100 nm. In certain cases, colloïdal particles (1-2μm) are also included with nZVI. In 

this report, nZVI comprises both metallic and (bi)metallic nano-scale particles nZVI consists of a 

mixture of zero-valent iron and iron oxides. More concretely, the following two variants can be 

distinguished: 

 Pure nano-scale zero-valent iron (nZVI) particles mainly consist of zero-valent iron (80-90% 

wt%) and, depending on the producer, have 

the following specifications: 

 Particle diameter 20-200 nm 

 Specific surface area 20-58 m²/g 

 Reactive nano-scale iron product (RNIP) 

Reactive nano-scale iron product consists of a mixture of 50/50 wt% zero-valent iron and magnetite 

(Fe3O4), in which the magnetite forms the outer shell of the particle. In a study by Okinaka et al. 

(2004), the average particle size is approx. 70 nm and the average specific surface area 28.8 m²/g. 

The larger specific surface area and the higher zero-valent iron content of nZVI are responsible for 

a higher degradation rate of VOCl (~dechlorination) than that observed for RNIP. However, the 

outer magnetite shell of RNIP slow down reaction with water (H2 formation), as a result of which 

the life of such particles is extended considerably (Liu et al., 2005). The limited stability and 

mobility (see paragraph §3.6 and §3.7) of pure nZVI provides the impetus for the development of 

modified nZVI. 
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The following four sections (three through seven) are provided not as original work but as an 

informational reference on the commercial viability, sizes, availability and vendors currently making 

ZVI for use in the commercial marketplace for remediation experts. It was part of EPA’s “In Situ 

Chemical Reduction using Zero Valent Iron injection-A technique for the remediation of source zones”.   

The following will be addressed: 

Other forms of ZVI 

Modified nZVI    

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            

VI.  A. Catalyzed bimetallic nano-scale particles 

Besides the aforementioned ‘classic’ particles, there is a growing offer of nano-scale bimetallic 

particles which, in addition to zero-valent iron or another metal, contain a second metallic material. 

Here, one metal (Fe, Zn, …) is mainly the electron donor, and the other (Pd, Pt, Ni …) the catalyst in 

the reaction. Such nanoscale bimetallic particles are also sometimes called catalysed nZVI particles. 

With catalysed nZVI particles much higher reaction rates can be obtained, with the disadvantage that 

the life of such particles is limited. 

 

VII. Examples of such materials are: 

 Fe/Pd, Fe/Ag, Fe/Ni, Fe/Co, Fe/Cu, Zn/Pd (Zhang et al., 2003) 

 Ag/Pd, Au/Pd (Nutt et al, 2005) 

Fe/Pd particles cause high reaction rates 1 in comparison with pure nZVI. In addition, Pd has a high 

selectivity for the C-Cl bond. However, research by Huang et al. (2009) shows that Ni is a cheaper 

alternative for the expensive Pd. Fe/Ni particles can achieve the complete degradation of 

perchloroethene (PCE) to ethane. Catalyzed nZVI is mostly used in the US (40% of nZVI 

remediations), but has not yet been used in Europe (data for 2010). In Europe, the opinion is held that 

the possible advantages of catalyzed nZVI particles do not outweigh the costs. 
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VIII 

A. Note:  Pd and Ni are hydrogenation catalysts which play an important role in the transfer of H2. 

Moreover, Pd and Ni as transition metals have free electron shells which make it possible to lower 

the activation energy via transition bonds with the p-electron pair or Π-bond of the chlorine atom in 

chlorinated organic components (Huang et al., 2009) compensate for the possible disadvantages 

(higher costs, short life and possible toxicity of the catalyst) (Müller, Nowack, 2010). 

                                                                                                                                                                                                   

B. ‘Supported’ nano-scale particles    

‘Supported’ nano-scale particles are nZVI particles that are attached to a non-metallic carrier. 

Ponder et al. (2000) have conducted research on carbon nano-particles onto which nZVI particles 

were attached. The ‘pellets’ obtained have a diameter of 50 to 200 nm and are made anionic before 

they are introduced into the soil. The anionic carrier material is supposed to impede the aggregation 

and sedimentation of the particles, as a result of which the injectability, the mobility and hence the 

spread of the particle are increased. ‘Supported’ nano-scale particles with a hydrophilic carrier 

consisting of polymers, e.g. poly(acrylic acid), have 

also been described (Ponder et al., 2001, Schrick et al., 2004). 

                                                                                                                                                                                                 

C. Emulsified nZVI particles (EZVI) 

EZVI has been specifically developed for the treatment of free phases of chlorinated solvents 

(DNAPLs, Dense Non-Aqueous Phase Liquids) (Quinn et al., 2003). Plant oils and all kinds of 

surfactants can be used to prepare this emulsion. More specifically, this is a surfactant-stabilised 

biodegradable emulsion which forms drops with an oil-water membrane around the nZVI or mZVI 

particles in water drops. Emulsions typically have a diameter of approx. 40 µm and a specific 

gravity of approx. 1.1 kg/l (Quinn 2005, O’Hara 2004). As the emulsion also behaves as a DNAPL, 

it will move through the soil in the same way as the DNAPL to be remediated, thus allowing for 

maximum contact. A graphic representation of this emulsion can be found in 
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Figure 1. 

 

D. Production and availability of NZVI particles 
Diverse methods for the manufacture and use of different forms of NZVI’s have been described in the 

literature. These generally can be divided into two predominant groups. 

 

Group 1: Production of nano-particles from individual atoms (bottom-up) 

 Wang and Zhang (1997) synthesize nano-particles via chemical reduction of Fe3+ by sodium 

borohydride. More specifically, 0.2 M NaBH4 is added to FeCl3.2H2O (0.05 M), which results in 

nanoparticles with a diameter between 1 nm and 100 nm, an average size of 50 ± 15 nm and a specific 

surface area of 10 – 50 m²/g. The method allows for large amounts to be produced, but it is expensive, 

up to $5,000  per kg (Vance et al., 2002). 

 

 It is also possible to heat iron pentacarbonyl to 200-250 °C. At this temperature, nZVI and carbon 

monoxide are produced. This method allows to obtain nano-particles with a diameter of 5 nm or less. 

 

 (bi)metallic materials are produced via reductive precipitation (Zhang et al., 2003). For instance, 

palladium-coated nano-scale iron particles can be obtained by bringing freshly made nano-scale iron 

particles into contact with palladium acetate (1 %W). As a result of reduction, a Pd layer will form on 

the iron material (Wang & Zhang, 1997). Other (bi)metallic materials can be obtained in a similar 

manner (Xu & Zhang, 2000). 

 

 With the micro-emulsion method nano-particles are produced via chemical reduction with sodium 

borohydride. However, these reactions take place in small aqueous environments in an oil phase, which 
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allows for the production of nano-materials with a controlled size and shape (Li et al., 2003). The 

materials obtained have an average diameter smaller than 10 nm. 

 

 Nano-iron particles can also be produced through reduction of goethite by means of heat (up to 600 

°C) and hydrogen gas. In this process, iron sulphate, sodium carbonate and sodium hydroxide are used 

as base materials to make goethite precursors. By dehydration of these goethite precursors, hematite 

precursors are then produced, which are further reduced with hydrogen gas to nano-iron (Uegami et al, 

2003). 

 

 The ‘sol-gel’ method was mentioned by Li et al. (2003). A gel containing silicon tetraethoxide and a 

metal component, such as FeCl3, is heated. A glass-metal nano-composite is produced which contains 

ultra-fine iron particles. Aside from these methods there is also electrolysis (Fisher).     Toda RNIP is a 

crystalline nano-iron which is produced by a reduction of FeOOH in the gas phase. This reaction 

produces particles with an average size of 70 nm and a specific surface area of 29 m²/g. These specific 

nano-particles are coated with polyacrylic acid. 

 NANO IRON produces nZVI particles from nano-particles of ferrihydrite ((Fe3+)2O3•0.5H2O) 

 

Group 2: Production of nano-particles through the refinement of rougher materials (top-down) 

Vance and his co-authors (2002) use a ball mill system to refine a powder of an elemental metal (1-10 

μm) to a nano-material (100-400 nm). During this process a non-aqueous organic liquid and a 

dispersant are added. Via this method materials are produced in amounts up to 10 kg. The production of 

larger amounts would be possible (NAPASAN Project > 300 kg) . 

 

5. Some Commercially Available Nano-scale & Micro-scale Iron 
The number of producers of NZVI & MZVI and, concretely, those able to deliver large amounts, are currently 

still relatively limited. 

 

1. NANO IRON (Czech Republic) 

Czech company specialised in the production of nZVI particles. The particles have an average size of 

50 nm (between 20 and 100 nm), a specific surface area of 20-25 m²/g and a high zero-valent iron 

content of approx. 80/90 wt%. The cost depends on the amount and nature of the product and varies 

between 25 - 65 Euro/kg for the nZVI slurry (20% dm). 

 

2. TODA KOGYO CORP. (Japan) 

TODA KOGYO is a Japanese company specialized in the production of nano-scale RNIP particles 

(mainly iron oxides). The products are offered as a powder and as a slurry. The particles have an 

average size of 100 nm and a specific surface area of approx. 23 m²/g. The cost depends on the 
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amount and varies between 25-33 Euro/kg (powder). 

 

3. Polyflon company (USA, Florida) 

8. Reactions and mechanisms 

The following hypothetic reaction mechanism is proposed: DNAPL components diffuse from the oil 

layer to the enclosed water phase, where they react with the zero-valent iron. Generated degradation 

products diffuse with increasing concentrations from the enclosed water phase through the oil layer to 

the surrounding water. The oil membrane around the nZVI particles offers protection against premature 

oxidation by oxygen and other components (e.g. inorganic material, such as sulfate and nitrate). The 

reactivity of classic nZVI particles and EZVI particles is comparable (Quinn et al., 2005). In the longer 

term, the oil phase can serve as an electron donor in the biological degradation of residual VOC 

concentrations. 

Zero-valent iron is capable of reducing chlorinated compounds to harmless components, as shown in 

the general reaction formula below: 

 

2 FeO + R-Cl + 3 H2O → 2 Fe2+ + R-H + 3 OH- + H2 + Cl-(R = Aryl group) 
 

So the question posed for this Comprehensive Examination as to whether the ZVI can effectively 

reduce halogenated hydrocarbon contaminants in groundwater, is answered with a resounding “YES”.  

However, the kinetics and conditions pose some serious limitations, as discussed further. The 

chlorinated compounds are understood to be reduced in three different manners as follows and depicted 

in Figure 2: 

 

1. Reduction at the metal surface in the presence of a proton donor 

Fe0 + R-Cl + H+ → Fe2+ + R-H+ Cl- (1) 

 

2. Continuation of reaction 1 by the further oxidation of Fe2+ to Fe3+                                                                                                                         

2 Fe2+ + R-Cl + H+→ 2 Fe3+ + R-H+ Cl- (2) 

 

3. The hydrogen gas which is produced in the corrosion reaction of water with zero-valent iron can also 

be involved in the dechlorination of VOC’s. 

Fe0 + 2H2O → Fe2+ + H2 + 2OH- (3) 

H2 + R-Cl → R-H + H+ + Cl- (4) 

In the estimate of the amount of zero-valent iron needed, the reaction of zero-valent iron with dissolved 

oxygen (5), water (3) and other oxidised organic and inorganic components (e.g. nitrate, sulphate) must 
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also be taken into account. 

 

2 Fe0 + 4H+ + O2 → 2Fe2+ + 2H2O (5) 

In my research and while developing an effective reactor design for the field pilot study, I characterized 

the reaction in the following way. Thermodynamically it appears that ClO4
- can be reduced to Cl- with a 

suitable reductant; 

 

 

   Reduction Reaction       Eo 

  (1) ClO4
- + 2H+ + 2e-  ClO3

- + H2O  1.226 

(2) ClO3
- + 3H+  + 2e-  HClO2 + H2O  1.157 

(3) ClO3
- + 2H+ + e-  ClO2 + H2O   1.130 

(4) ClO2 + e-  ClO2
-      1.068 

 (5) HClO2 + 2H+ + 2e  HClO + H2O   1.674 

(6) HClO + H+ + e-  1/2Cl2(g) + H2O   1.630 

(7) ClO3
- + 6H+ + 5e-  1/2Cl2(g) + 3H2O  1.458 

(8) Cl2(g) + 2e-  2Cl-      1.360  

              ClO4
-   +   8H+  +   8e-  Cl- + 4H2O 

 

 



231 

 

231 

 

9. How reduction of a halogen occurs in water making contact with iron. 

Proposed mechanisms of the reduction that occurs at the site of the iron is depicted below which 

suggests three different ways the reduction of a contaminant in water can occur in the presence of iron.  

All three of these may be occurring simultaneously in optimum conditions that provide for the transfer 

of electrons. 

 

 

Figure 2: Possible reaction mechanisms for reductive dechlorination of VOCs with zero-valent iron 

Reference: Remediation Techniques for Environmental Engineers and Wikipedia 

 

The zerovalent metal (usually granular iron) is the bulk reducing agent in these systems. However, 

corrosion of iron metal yields Fe2+ and hydrogen, both of which are possible reducing agents for 

contaminants such as chlorinated solvents. A heuristic model consisting of three possible mechanisms 

has proven very useful. 

Pathway A represents direct electron transfer (ET) for Fe0 to the adsorbed halocarbon (RX) at the 

metal/water point of contact, resulting in dechlorination and production of Fe2+. Pathway B shows that 

Fe2+ (resulting from corrosion of Fe0) may also dechlorinate RX, producing Fe3+. Pathway C shows that 

H2 from the anaerobic corrosion of Fe2+ might react with RX if a catalyst is present. 
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Hydrogenation also plays a minor role in most systems and iron surfaces will be covered with 

precipitates of oxides (or carbonates and sulfides) under most environmental conditions. Concern 

stemming from how the oxide layer mediates transfer of electrons from Fe0 to adsorbed RX led to the 

formulation of another heuristic model, again consisting of three mechanisms. 

In the second model, pathway I shows essentially direct ET from Fe0 to RX in a corrosion pit, or 

similar defect in the oxide film. Pathway II shows the oxide film mediating ET from Fe0 to RX by 

acting as a semiconductor. Pathway III shows the oxide film as a coordinating surface containing sites 

of Fe0 that complex and reduce RX.  

a) Sequestration 

Sequestration of a contaminant refers to a removal process which does not involve contaminant 

degradation. Sequestration by Fe0 typically occurs via adsorption, reduction, and coprecipitation. Often, 

adsorption is only a prelude to other processes which do transform the contaminant in order to assure 

that the process cannot be reversed. However, there are cases where adsorption is the sequestration 

process of primary importance, especially with metals that occur as soluble cations which cannot be 

reduced to insoluble forms by Fe0. It also can be true in heavy metals, such as Cd, Cu, Hg, etc., which 

exist predominantly as soluble cations but could be reduced to insoluble species by Fe0.  
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Figure 5. The second proposed model 

 

According to reaction formulas, the reactions with zero-valent iron cause an increase in pH (2 to 3 units 

in laboratory conditions (Zhang, 2003) and a reduction in redox potential (500 to 900 mV reduction) in 

laboratory conditions (Zhang, 2003). It is expected that in practice the increase in pH and the reduction 

in redox potential will be less spectacular due to the buffering capacity of the ground water and the 

decrease in the chemical reactions due to diffusion and dispersion. The influence of zero-valent iron on 

the geochemical environment (consumption of oxygen, nitrate, sulfate and production of hydrogen & 

Fe (II)) of the soil can lead to the stimulation of the growth of anaerobic microorganisms and can 

therefore contribute to an accelerated natural reductive degradation of chlorinated components.  The 

degradation of chlorinated ethenes can take place via two degradation paths, which have been 
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summarized in Figure 4 for PCE. The “hydrogenolysis” degradation path results in the formation of the 

undesired degradation products cis-dichloroethylene and vinyl chloride. The ß-elimination degradation 

path takes place via the harmless acetylene. The extent to which each of the degradation paths is 

followed depends on the type of iron. 

10. Challenges with the process 

The corrosion reaction involving water is slow, whereas the corrosion of Fe0 with dissolved oxygen is 
fast, presuming there is O2 present. These are the reactive processes: 

 
Anaerobic corrosion:  Fe0 + 2H2O → Fe2+ + H2 + 2OH− 
Aerobic corrosion:   2Fe0 + O2 + 2H2O → 2Fe2+ + 4OH− 
 

The presence of a reducible contaminant can produce another reaction which can then contribute to the 
overall corrosion rate. Therefore, this process is not realistic for a flow-through reactor or column 
unless the dissolved oxygen is removed.  This was part of the project I completed for this dissertation 
project: purging the oxygen with helium and removing all competing materials that may be reduced and 
utilize surface spaces of the fine iron particles.  

 

11. Conclusion and Discussions 

From published studies, the aforementioned references found, and work I have been involved in during 

the past two decades, it must be concluded that reduction of chlorinated and other halogenated 

contaminants whether organic or salts, can be effectively treated by reduction. Utilizing ZVI has 

previously proven one effective method within this reductant group of treatment methods to change the 

chemical compound or structure of the contaminants from a more oxidized form into a more reduced 

form. Most of the reduction methods have been proven by at least laboratory scale experimentations 

and many have been utilized in the field for actual remediation projects or at least pilot studies.  

There remains the issue of relative rapid conversion compared to the slow, consistent drawn-out contact 

that PRB’s provide as a contact reactor.  Previously, showing high rate volumes being treated by a 

reductive metal in, for instance, a pump and treat reduction reactor, has been very limited and not 

demonstrated to be possible.  The oxidation of iron tends to be very slow, especially in the presence of 

water with oxygen dissolved in it. That is why the purging of water was introduced in the attached 

reactor research paper.  Other competing oxidants were also removed.    

The amount of the contaminant or concentration has also been a major issue in these experiments.  The 

surface sites played a major role in the level of concentration that could be treated as well as the total 

amount (mass). However, with the pre-treatment found in the proceeding paper, where surface area was 

greatly enhanced, this problem was improved.  It has long been known that surface area and hence 
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smaller particle size (or finer particles) improves the performance. But treatment or washing with HCl 

(acid) had a similar and more dramatic effect.  

Therefore, previous methods of ZVI remediation of halogenated contaminants in groundwater were 

effective up to a point and both halogen containing salts as well as organic compounds could be 

effectively treated. However, the process was slow and required massive amounts.  With the 

improvements described in the attached paper, much higher concentrations of the contaminants could 

be treated, and at a rate that was high enough to be able to treat water through a column as a pump and 

treat reactor system designed for surface treatment of groundwater pumped up to the surface of the site.  

Further advances should seek to discover other variables that can improve this technology to work 

faster, more efficiently and at concentrated levels of contaminants.  Based on the reactions, kinetics and 

obstacles, there are likely several other variables or conditions that could greatly improve this overall 

reduction process/ technology.        
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Reductive Dehalogenation 
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Patent References 

Reduction of halogenated hydrocarbons, inorganic compounds or polyatomic anions have been a 

developing technology with many applications both inside and outside of the environmental 

technology field.  New technologies have been developed and applied to active site remediation or 

treatment of hazardous waste utilizing the reduction potential proffered by many methods of 

reducing compounds or ions to a reduced state from a more harmful or toxic oxidized state.     

 

Common contaminants that are reduced include the following: perchlorate, PCB’s, halogenated 

hydrocarbons, halogenated inorganic salts as well as other reducible forms of harmful materials that 

are readily reduced to a form that is less harmful. Patents in this technology arena have made the 

flowing statements:  

Industry has found halogenated compounds, such as PCBs, very useful in electrical applications, such as in 

capacitors, electrical insulators and transformers. The use fulness is attributed to the PCB’s thermal stability, 

and resistance to oxidation and high insulating properties. U.S. Patent No. 5,141,629 

 

Other industrial applications include using halogenated solvents, typically chlorinated solvents, as degreasers 

for metals, resin fluxes, automotive degreasing, and motor oil with the halogenated solvents. However, 

recent environmental concerns for their potential toxic properties has led to the termination of PCB 

production and government regulated disposal measures. Disposal measures have resulted, to a large extent, 

in storage of the halogenated organic compounds rather than to decompose the halogenated organic 

compound. U.S. Patent No. 5,141,629 

 

Storage is easier since decomposing involves breaking the highly stable carbon-halogen covalent bond, a 

physical process typically involving high temperature incineration, see generally U.S. Pat. No. 5,174,893. 
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Chemical processes for dehalogenating halogenated organic compounds are summarized in U.S. Pat. No. 

5,174,893, which patent teaches a chemical process that utilizes lower temperature and/or smaller quantities 

of 2-methoxy-ethanol as a reagent. Other chemical processes include U.S. Pat. Nos. 5,093,011, 5,095,144, 

5,096,600, 5,132,006, 5,185,488 and 5,191,118.  

 

Alternative methods of dehalogenation include dehalogenation by electrochemical techniques. U.S. Pat. No. 

5,102,510 summarizes prior art electrochemical dehalogenation processes and teaches an electrochemical 

dehalogenation process wherein a halogenated organic compound(s) is(are) combined with a solvent, an 

electroconductive salt and an electron transfer compound and then exposed to a voltage to remove halogens 

from the halogenated organic compounds. The process requires the use of electron transfer compounds, such 

as polynuclear aromatic organic compounds, which help compensate for using low concentrations of the 

electroconductive salt. The ’510 patent, and other electrochemical dehalogenation process patents, teach 

using a conventional electrochemical cell containing oppositely charged electrodes (anode and cathodes) 

placed alternately within the electrolyte in the system to complete the cell circuitry for operation of the cell. 

Further, the prior art electrochemical dehalogenation processes require distillation facilities to recover the 

solvents, salts, products and by-products which are formed during the electrochemical reactions U.S. Patent 

No. 5,141,629 
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Relevant Site Maps 
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1. Site Location in Reference to Benson, Saint David and 

Tucson 

 

   5  miles 

Superfund Site Location 

 

2. Site Location Showing Well Locations 
MW- Indicates Monitoring Well 
P- Indicates Piezometric Measuring Well 
D- Domestic Private Well in Shallow Aquifer 

  Tucson 26 miles 
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3. Location of “Covered Ponds” Containing Perchlorate “Pockets” 
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Appendix G 

 

Sample Notes from personal interviews  

of participants and nearby residents  

around the Superfund Site 
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 Consent Form for Participants 
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FieldScope  

Guidelines and Agreement 
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If you are new to FieldScope, and have not yet started a project, but would like to, see our document: Starting a 

FieldScope Project - A Guide for Interested Users 

 

 

V. Guide for Existing Project Managers / AdministratorsGuide for Existing Project Managers / AdministratorsGuide for Existing Project Managers / AdministratorsGuide for Existing Project Managers / Administrators    

Table of Contents 

Guide for Existing Project Managers / Administrators 257 

Obtaining Manager Access to Your Project 258 

Approving New Users 258 

New FieldScope Users 259 

Existing FieldScope Users 259 

Setting Additional Managers 260 

Manage Project Data 260 

Flagging Data 261 

Editing and Deleting Data 263 

Exporting / Downloading Project Data 264 

Setting Maps and Graphs on Project Homepages 266 

Managing Project News & Events 269 

Editing Project Homepage Text 272 

Adding New Fields / Data Schemas 274 

Adding Map Layers/GIS Data 275 

Using the Bulk Upload Feature 275 
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Adding Project Users / Approving Account Requests 276 

Custom User Registration Fields 277 

A.A.A.A. Not ApplicableNot ApplicableNot ApplicableNot Applicable    

B.B.B.B. Obtaining Manager Access to Your ProjectObtaining Manager Access to Your ProjectObtaining Manager Access to Your ProjectObtaining Manager Access to Your Project    

All of the following content in this guide covers features of FieldScope that are only available to users who have 

been set up as Managers in a project. More than one user can be assigned the manager role, which is helpful 

when an organization wants more than one person to share some of the admin responsibilities.  

 

A project also needs to have an owner set. Only the owner can add or remove other users as managers. If you 

need to have the Owner role of your project reassigned, you can email project outreach coordinator Sean 

O’Connor at soconnor@bscs.org   

 

Much of what you can control as a Manager of a project is accessed from the menu appearing under your name 

when you are logged in (the Main Menu). If you are logged in but don’t see the full menu shown in the image 

below, that means you have not been marked in the system with Manager privileges.  

 

 

 

C.C.C.C. Approving New Users Approving New Users Approving New Users Approving New Users     

 

When people sign up to participate in your project, you will be notified via email.  
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1.1.1.1. New FieldScope Users New FieldScope Users New FieldScope Users New FieldScope Users     

If it is their first time signing up for participation in any FieldScope project, you will receive an email from 

info@fieldscope.org letting you know that a new user has signed up for your project, and who they are. To 

approve their participation, simply click the link. A new screen will load telling you that their account has been 

approved. Note that if another manager set on your project has already approved the account, you may see a 

screen like this:  

 

 

 

Again, this just means that someone else with Manager permissions on your project has already approved the 

account. Once the account is approved, the user who signed up will then receive an email back with a link to 

confirm their account. This is just an extra security measure to make sure that that person did want to sign up 

for a new account, and did it themselves. The user must click that link for their account to be fully confirmed 

and active.  

 

2.2.2.2. Existing FieldScope UsersExisting FieldScope UsersExisting FieldScope UsersExisting FieldScope Users    

If a user already has a FieldScope account, and they want to participate in your project, they will see a screen 

like this on your project homepage.  
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If the user wishes to participate in your project, they can click “Participate”. Anyone set as a Project Manager 

on your project will then receive an email with a link to approve this request. Existing FieldScope accounts 

wishing to join new projects are approved through the Manage User interface. In the email you receive, you 

will be linked to this section of FieldScope. It is also accessible through the main menu.  

 

 

 

In the Manage Users console, new account requests for participation in your project will appear at the top of 

your list. By default, projects are set up so that when you click Approve, a user is also given permission to Enter 

Data and this flag will be set to Yes.  

 

 

 

3.3.3.3. Setting AdditionaSetting AdditionaSetting AdditionaSetting Additional Managersl Managersl Managersl Managers    

NOTE: Through this interface, you can also assign one or more people as managers for your project. Only assign 

users as managers that you want to be able to edit and delete data and approve new account requests.  

 

 

D.D.D.D. Manage Project DataManage Project DataManage Project DataManage Project Data    

The data manage section of the tool is accessed from the drop down menu that appears under your name 

when you are signed in (the Main Menu). In this area, you can edit and delete individual data points, after they 

have been flagged. In this section, we will cover flagging data first, and then cover editing and deleting data.  
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1.1.1.1. Flagging DataFlagging DataFlagging DataFlagging Data    

Any user can flag a data point. After it is flagged, it will appear in the Manage Project Data application that you 

can access from the Main Menu. Individual users cannot actually delete data once they have added it, but they 

can flag it with a request for a project administrator to edit or delete it. This is so that project users can delete 

data that a project might want to keep.  

 

Data can be flagged in a couple of different ways in the tool. It can be flagged from area of the tool where you 

can add new data points OR it can be flagged right from a map or graph.  

 

 

 

 

Above: The button for flagging a station from the Data Entry Portal is highlighted.  
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Above: The check box for flagging an individual Observation from the Data Entry Portal is highlighted.  

 

 

Above: In the data table you can access when working with any map or graph, there is a Flag button that 

becomes available when any row in the table is highlighted.  
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Above: When a data point is flagged, a user is asked to provide a reason. Most often, a user is requesting that a 

data point be deleted because it was added erroneously, or edited because the information had been entered 

wrong. Other times, users will spot someone else’s data point that looks way off from what it should be, and 

are suggested that the project administrators review this.  

 

Back to Top  

 

E.E.E.E. Editing and Deleting DataEditing and Deleting DataEditing and Deleting DataEditing and Deleting Data    

Once a data point has been flagged, it will show up in the Manage Project Data part of the tool. There you will 

see a list of all Observations and Stations that have been flagged. If you click on one of the Stations of 

Observations you will open a screen that looks like below.  
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On this screen, you can see the name and email of the person who added the data point, in case you need to 

get in touch with them about this data. You also have full permission to edit the data, or to delete it. Deleting it 

is final, so use this with caution.  

 

You can also add comments to the data point. Keep in mind, these are internal only, and so if you want to 

communicate with the person who uploaded the data, use their email.  

 

Along the top of this screen (see screenshot above), you can also remove the Flag from the data, or remove the 

check from the Trusted box.  

 

“Trusted” is a feature that when clicked, it removes the data point from being available for users to see in maps 

and graphs, but allows you to retain it in the database and access it. By default, Trusted is always unchecked for 

all of your data, but as a data manager, you can go in and mark it as untrusted.  

 

Back to Top  

F.F.F.F. Exporting / Downloading Project DataExporting / Downloading Project DataExporting / Downloading Project DataExporting / Downloading Project Data    

You will see an option called Export Project Data in the Main Menu.  
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Above: these are the options you will see for exporting project data.  

 

You can download the data as either an .XLS or .CSV file (both can be opened in Excel or other spreadsheet 

editing programs). Download can take up to a few minutes if your project has a lot of data, so be patient.  

 

Note: the Download Users feature seems to not be working as of 6/23/2017. We will add a ticket on this. If you 

need this information for your project, please be in touch with us.  

 

Also any user can download a data table of the project data (see screenshot below of the Download Data 

button highlighted in green on a project map). The feature highlighted above for project administrators only 

includes some extra metadata about your projects Observations and Stations (which can be helpful for using 

the bulk upload tool; see that section down below), but most information can be accessed via the Download 

Data tool that any of your project users can access.  

 

When working with the data in the main part of the tool, you can also add custom filters, and so can download 

data for a particular point in time, or a particular geographic area, for example.  
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Above: The Download Data button that any user can accessed is highlighted in green.  

 

Back to Top  

G.G.G.G. Setting Maps and Graphs on Project HomepagesSetting Maps and Graphs on Project HomepagesSetting Maps and Graphs on Project HomepagesSetting Maps and Graphs on Project Homepages    

On the Map and Graph homepage of your project, you can have up to five tabs that showcase up to 3 maps or 

graphs in each tab. This is a great way to direct visitors to your project to interesting maps and graphs that are 

intended to engage them with the data in some way. 
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Above: 

The Chesapeake Water Quality project has three tabs set with important maps that they project coordinators 

want to direct people to explore and see.  

 

In the Main Menu, users set with admin permissions as project coordinators 

should see an option to “Edit Starter Maps” and “Edit Starter Graphs”.  
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Clicking one of these options will pull up this menu. You can see here that there is a folder called Human 

Interactions. This shows up as a tab in the project, as you can see in the earlier screenshot of the Chesapeake 

project. You can add up to 5 tabs (called Folders in this menu). Within each folder, you can add up to 3 maps or 

graphs.  

 

AS A FIRST STEP in adding a map or graph, first that map or graph must be saved to your personal account. 

We will address here how to save maps and graphs to your personal account. We will use an example of a map 

from the Chesapeake project: http://chesapeake.fieldscope.org/v3/maps/752 
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Here is a screenshot of that map, and we can 

see that when we click on the Title and 

Description menu along the left hand column, 

a menu comes up where we can edit the text 

associated with this map. We can also see 

that the map was created by a user named 

Kevin.  

 

Kevin is the user who “owns” this map. But 

what we can do is select Save, and a unique 

URL is generated. Now a copy of the map is 

owned by you. Back in the Edit Starter Maps 

menu, you can add this map by searching for 

it’s name in the menu that comes up when 

you add a new map to a folder (aka, a tab). Make sure the “Share this map” option is checked so that others in 

your project can see it.  

 

Note about saving maps: When I am accessing a map I have previously saved, I have two options. I can Save it 

again (if I make changes to it and want to save them) OR I can click the “Save As” feature, which saves a NEW 

copy of that map. This can be very helpful when accessing a map or graph you have previously saved, but that 

you want to create a new version of without erasing your old version.  

 

H.H.H.H. Managing Project News & EventsManaging Project News & EventsManaging Project News & EventsManaging Project News & Events    

In the Main Menu you’ll see options for Managing Project News and Managing Project Events. These allow you 

to populate the Upcoming Events and Project News modules on your project homepage. The tools for creating 

news and events are very straight-forward, and the screenshots below explain a few details.  

 

You can create Project Events for in-person or online experiences that are happening at a specific date and time 

that you want visitors to your project to know about. You are not able to have people sign up for events using 

this feature, although you can link them to another website (e.g., a Google Form, etc.) to have them do this.  
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You can create Project News for program updates and other information you want to get out to your audience. 

Project news you will create will simply appear on the homepage of your project. You can set an expiry date for 

when you would like it to stop showing up on  your project homepage.  

 

 

Above: Here is an example of two Project News items that are set in a project. You can set a date for the news 

to publish and to expire. There is a button to create new news in the top right or buttons to edit and delete in 

each project news row.  
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Above: In both the Project News and Project Events editor, there are formatting tools that allow you to add 

hyperlinks to other websites, style the text, etc.  
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Above: For Project Events, you can include a start and end date and time with your event. Only the start date is 

a required field.  

I.I.I.I. Editing Project Homepage Text Editing Project Homepage Text Editing Project Homepage Text Editing Project Homepage Text     

 

Beyond basic project administrator permissions, there is an additional 

level of permission that needs to do certain things.  If you try and access 

the Edit Project feature without these permissions, you will be asked to 

sign in again and you will be unable to get in  

 

Apologies: this can be confusing. What is most important to know is that 

if want to access any of features under the Edit Project menu, please 

request additional access from BSCS. For any of those features, we will 

be explicit in this guide about calling those out so you know that you 

need to request additional permissions for this. BSCS will likely set up 

some time to go over these features with you, as they are more 

advanced and can impact your project in major ways. We are happy to 

go over them with you, and will cover the most important ones briefly in 

this guide.  

 

One of those features is the ability to change your project’s homepage 

text. Your project’s homepage text appears right under the top menus on your project homepage.  
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Above: The text on your project’s homepage is editable, but only with special permission that you must request 

from BSCS to access the features available in the Edit Project menu item of the Main Menu. You can also just 

send BSCS the new text and we can input it for you.  
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When you click Edit Project from 

the Main Menu, you will be 

taken to this screen (only after 

you have been given access from 

BSCS staff). This is the 1st of 9 

screens where different 

modifications can be made to 

your project. Most of these are 

project elements set up in the 

beginning, and will not need to 

be changed over time.  

 

You can see on this first page, 

you can change your project’s 

title, URL, and description. 

Please DO NOT change the URL; 

if you feel the URL for your 

project needs to be changed, 

talk with BSCS and we will help 

change it for you.  

 

You can see on this screen that you can update and edit the project homepage text, including adding links, etc.  

J.J.J.J. Adding New Fields / Data Schemas Adding New Fields / Data Schemas Adding New Fields / Data Schemas Adding New Fields / Data Schemas     

Adding new fields or data schemas is another feature that is accessed through the Edit Project menu. You will 

need to request access to this feature set from BSCS before you can use, and we will set up a time to go over 

this with you.  

 

Using this feature set, you can add additional fields or groups of fields to your project data form. You can also 

modify existing fields, but there are important database implications when doing this, so if you are trying to 

modify an existing field, we recommend talking with BSCS about this so we can ensure that you do not lose any 

existing data.  

 

This feature--accessed from the Edit Project menu--allows project to add to their projects over time by adding 

additional citizen science investigations, or additional fields to existing investigations.  
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K.K.K.K. Adding Map Layers/GIS Data Adding Map Layers/GIS Data Adding Map Layers/GIS Data Adding Map Layers/GIS Data     

We’ve created a separate guide for adding GIS data to your project. See that guide here.  

L.L.L.L. Using the Bulk Upload FeatureUsing the Bulk Upload FeatureUsing the Bulk Upload FeatureUsing the Bulk Upload Feature    

Bulk upload is a feature that allows any user who is given permission to upload spreadsheets of data, rather 

than entering data one observation at a time. This feature is particularly useful for new projects getting started 

that have an archive of data they want to upload or for any project user that might have a large volume of data 

observations stored in a spreadsheet.  

 

You can request access to the bulk upload tool through project outreach coordinator Sean O’Connor 

(sean.peter.oconnor@gmail.com), or by emailing info@fieldscope.org. If you have members of your project 

that would like to upload their data in bulk, please direct them to request permission from 

info@fieldscope.org.  

 

Once you have been given permission, when you click on Enter Data you will be taken to this screen (seen 

below) where you can choose between Data Entry Wizard and Upload Files. Data Entry Wizard will take you to 

the normal data entry screens seen by all users where you upload stations and observations one at a time (as 

well as edit stations/observations you have input). The Upload Files selection will take you to the interface 

where you can upload observations in bulk via a spreadsheet.  

 

 

When you select Upload Files, you will be taken to an interface to do that. On that screen there is a PDF you 

can download with instructions on how the data should be formatted.  

 

NOTE: As of June 2017, we are making some updates to the Bulk Upload tool. Currently it continues to operate 

as it has, and the PDF instructions are up to date. We look forward to sharing some news and updated 

instructions when we release the new version of the tool this summer.  
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M.M.M.M. Adding Project Users / Approving Account Requests Adding Project Users / Approving Account Requests Adding Project Users / Approving Account Requests Adding Project Users / Approving Account Requests     

Your project is set up so that new users coming to your project and setting up an account have to be granted 

permission to join. When on your project, a new user should click Login and see this screen below. They should 

click the blue text at the top to register an account.  

 

 

 

After they fill out their new account details and click submit, the system will send out an email to all users listed 

as project administrators on your project. That email will include a link that you have to click to authorize this 

new account request.  

 

Note: If one project administrator clicks this link in the email to approve the new account, and then a second 

project administrator does the same thing, the second administrator may get an error message. This is NOT an 

actual error and just means that the account has already been approved.  

 

The user who requested the account will then receive an email back letting them know their account has been 

approved. They have to click the link in that email to activate it. See below for an example of the email a new 

user will see.  
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Note: Occasionally the email going to new users to activate their account (once you have approved it) will go to 

a Spam box, so please advise any new users registering to your project about this if they have trouble.  

 

To recap, the steps for registering a FieldScope account and joining your project are:  

 

1. User registers for new account on FieldScope 

2. All project administrators set on your project receive an email; someone must click link in email to 

authorize new request 

3. New user will then receive email alerting them that their account has been approved; they must click 

the link in that email to activate their account 

 

Note: Over the years, occasionally we’ll see odd account requests come in with names that appear to be non-

readable and computer generated. There’s a chance that these may be spam-generated account requests with 

malicious intents (i.e., hacking). If you do see odd account requests coming through, please forward to 

info@fieldscope.org, and we can help assess.  

 

N.N.N.N. Custom User Registration FieldsCustom User Registration FieldsCustom User Registration FieldsCustom User Registration Fields    

By default, a new user signing up to your project in FieldScope must provide a first name, last name, and 

organization affiliation along with their email address. Using the Edit Project feature, you can actually add new 

user registration fields if there is additional information you would like to collect about people signing up for 

your project.  
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Note: You will need special permission to access the Edit Project feature, beyond the basic project 

administrator permissions. Please contact project outreach coordinator Sean O’Connor 

(sean.peter.oconnor@gmail.com) or info@fieldscope.org about receiving this additional access level.  

 

Once you have the right access level, you can click into the Edit Project feature from the Main Menu. On the 

bottom of the first screen, you will see an option for adding custom user registration fields.  

 

 

Above: Click the button at bottom to add a new field that new members will have to fill out when joining your 

project.  
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Above: You will want to add a new custom field, and there are different options for customizing this field--it can 

be required or not, you can have different options people have to choose from, etc.  
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Appendix J 

 

Approval for  

Human Research from IRB 
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APPENDIX K 

REACTION MODELING RESULTS 

FROM MINEQL+ 

    

    

    

    

    

    

    

    

    



283 

 

283 

 

Proposed Proposed Proposed Proposed Possible Spontaneous Favorable Possible Spontaneous Favorable Possible Spontaneous Favorable Possible Spontaneous Favorable Reactions forming BaSOReactions forming BaSOReactions forming BaSOReactions forming BaSO4444    (s) and (s) and (s) and (s) and BaBaBaBa3333(PO(PO(PO(PO4444))))2222        

Ba(NOBa(NOBa(NOBa(NO3333))))2222    (aq) + Na(aq) + Na(aq) + Na(aq) + Na2222SOSOSOSO4444    (aq)(aq)(aq)(aq)    →→→→    BaSOBaSOBaSOBaSO4444    (s) + 2 NaNO(s) + 2 NaNO(s) + 2 NaNO(s) + 2 NaNO3333    (aq)(aq)(aq)(aq)    

BaCl2 2(aq)+Na2SO4(aq)→BaSO4(s)+2NaCl(aq)  (*USE THIS ONE*) 

H2SO4(aq)+Ba(OH)2(aq)→H2O+BaSO4 

2Na2Na2Na2Na3333POPOPOPO4444    + 3+ 3+ 3+ 3BaClBaClBaClBaCl2222    → Ba→ Ba→ Ba→ Ba3333(PO(PO(PO(PO4444))))2222    + 6NaCl+ 6NaCl+ 6NaCl+ 6NaCl                    *****USE THIS ONE**********USE THIS ONE**********USE THIS ONE**********USE THIS ONE*****    

 Add Sufficient BaClBaClBaClBaCl2222    tttto form BaSO4(s)+ Ba3(PO4)2 to precipitate out and remove most 

sulfate and phosphate      NaCl  will also be formedNaCl  will also be formedNaCl  will also be formedNaCl  will also be formed    

Also present from some other tests are the following  

(all numbers are reported in mg/l unless otherwise indicated) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 BDL: Below detection limit   (log: log of H+ ions as opposed to ppm)   ppm (wt/vol) means mg/l 

                                  Sample ID / Number Name:      Natural Water from Rain Percolation 

Analyte Tested For           Results (ppm)               Maximum Allowed (ppm)          Normal Range (ppm)                          

arsenic                                         BDL         0.010    0.0  -  0.17                                                                                                                         

chloride                                      0.09         250    0.0  -  400                                                                                                                          

fluoride                                            0.4         2.0    0.0  -  4.1                                                                                

hardness                                          167         190    80  -  200                                                                                                                          

copper                               0.82         1.3    0.1  -  2.1                                                                                                                          

lead                                                   0.001        0.015    0.0  -  0.13                                        

selenium                                       BDL         0.05    0.01  -  0.05                                                                                                                         

mercury                               BDL        0.002    0.0  -  .0010                                                                                     

nitrate                                              57         10.0    0.1  -  7.8                                                                                                                       

pH                                                     7.1 (log)       6.5 - 8.5   6.5  -  8.5                                                                                                                          

radon                                      BDL         5 pCi/L    0.1  -  4                                             

sodium                                             11.2        11.0    10  -  50                                              

sulfate                                              13         250    1.0  -  500                                                                                                                          

total coliform bacteria              BDL         5.0    0.0  -  2.1                                                                                                        

fecal coliform bacteria              BDL        0.0    0.0  -  1                                                                                                                            

cryptosporidium                         BDL         0.0    0.0  -  1                                                                                                                            

total dissolved solids                     1140        500    80  -  500                                                                                                                          

calcium    30.1         not set    10  -  700                                                                                                                          
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Also previously present in previous tests found in historical data  

Sample of reaction model results 

Although the predicted reactions and formation of all products formed from various Ba concentrations 

introduced as BaCl2 to react with the other reducible products on the MINEQL+ Model program were ran at  

0.01 M Ba, 0.10 M Ba, 0.02 M Ba and 0.03 M Ba, the modeling results and parameters for only 0.02 M Ba are 

provided because of the excessive number of pages required to displayed all the findings, parameters, and 

predictions for each concentration 

At 0.02M BaCl2 

Component 

Total 

dissolved 

% 

dissolved 

Total 

sorbed 

% 

sorbed 

Total 

precipitated 

% 

precipitated 

Ba+2 0.02 100 0 0 0 0 

Ca+2 0.00075 100 0 0 0 0 

Cl-1 0.04 100 0 0 0 0 

ClO4-1 0.00697 100 0 0 0 0 

CO3-2 0.00185 100 0 0 0 0 

Cu+2 0.000012 100 0 0 0 0 

F-1 0.000021 100 0 0 0 0 

H+1 0.002471 100 0 0 0 0 

K+1 0.000409 100 0 0 0 0 

Mg+2 0.000905 100 0 0 0 0 

Na+1 0.000487 100 0 0 0 0 

NH4+1 0.0076 100 0 0 0 0 

NO3-1 0.000919 100 0 0 0 0 

Pb+2 4.8E-09 100 0 0 0 0 

PO4-3 0.000365 100 0 0 0 0 

SO4-2 0.000135 100 0 0 0 0 

 

 

 

 

TOTAL Potassium by A.A.:_ 

Ammonium (cation by IC) 

Perchlorate (Anion by IC) 

Nitrate as N_(Spectrophoto) 

73 mg/l  

65 mg/l (likely from ammonium nitrate and ammonium perchlorate) 

220 ug/l   

50 mg/l 
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Inorganic Species Predicted to be Present at 0.02 M BaCl2 

 Concentration Activity 

Log 

activity 

Ba+2 0.019431 0.0079666 -2.099 

BaCl + 0.00029451 0.00023566 -3.628 

BaCO3 (aq) 2.8525E-06 2.8998E-06 -5.538 

BaF+ 2.5976E-07 2.0786E-07 -6.682 

BaHCO3+ 0.00011433 0.000091489 -4.039 

BaHPO4 (aq) 0.000082699 0.000084071 -4.075 

BaNH3+2 6.7568E-07 2.7703E-07 -6.557 

BaNO3+ 0.000035245 0.000028203 -4.55 

BaOH+ 5.5015E-09 4.4023E-09 -8.356 

BaSO4 (aq) 0.00003848 0.000039119 -4.408 

Ca(NH3)2+2 1.0456E-12 4.2869E-13 -12.368 

Ca(NO3)2 4.4723E-15 4.5465E-15 -14.342 

Ca+2 0.00070283 0.00028816 -3.54 

CaCl+ 0.000028672 0.000022943 -4.639 

CaCO3 (aq) 3.3388E-07 3.3942E-07 -6.469 

CaF+ 7.9973E-08 6.3994E-08 -7.194 

CaH2PO4+ 6.4985E-07 5.2001E-07 -6.284 

CaHCO3+ 5.5149E-06 0.000004413 -5.355 

CaHPO4 (aq) 8.3342E-06 8.4725E-06 -5.072 

CaNH3+2 4.8765E-08 1.9994E-08 -7.699 

CaNO3+ 8.0438E-07 6.4366E-07 -6.191 

CaOH+ 9.0959E-10 7.2785E-10 -9.138 

CaPO4- 3.5466E-07 2.838E-07 -6.547 

CaSO4 (aq) 2.3638E-06 0.000002403 -5.619 

Cl-1 0.039612 0.031697 -1.499 

ClO4-1 0.0069679 0.0055757 -2.254 

CO3-2 1.7311E-06 7.0973E-07 -6.149 

Cu(CO3)2-2 2.4918E-08 1.0216E-08 -7.991 

Cu(NH3)2+2 1.4683E-07 6.0201E-08 -7.22 

Cu(NH3)3+2 4.0558E-09 1.6629E-09 -8.779 

Cu(NH3)4+2 2.1844E-11 8.9559E-12 -11.048 

Cu(NO3)2 

(aq) 2.5003E-13 2.5418E-13 -12.595 

Cu(OH)2 

(aq) 1.1716E-08 1.191E-08 -7.924 

Cu(OH)3- 7.2799E-12 5.8253E-12 -11.235 

Cu(OH)4-2 1.4519E-17 5.9529E-18 -17.225 

Cu+2 3.1212E-06 1.2797E-06 -5.893 
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Cu2(OH)2+2 2.0241E-08 8.2988E-09 -8.081 

Cu2OH+3 2.9843E-11 4.0143E-12 -11.396 

Cu3(OH)4+2 2.0804E-10 8.5296E-11 -10.069 

CuCl+ 1.0114E-07 8.0933E-08 -7.092 

CuCl2 (aq) 6.9502E-10 7.0656E-10 -9.151 

CuCl3- 2.612E-13 2.0901E-13 -12.68 

CuCl4-2    1 8.0985E-17 3.3204E-17 -16.479 

CuCO3 (aq) 5.2608E-06 5.3481E-06 -5.272 

CuF+ 1.2895E-09 1.0318E-09 -8.986 

CuHCO3+ 1.2134E-07 9.7095E-08 -7.013 

CuHPO4 (aq) 1.0798E-06 1.0977E-06 -5.96 

CuHSO4+ 1.0116E-15 8.095E-16 -15.092 

CuNH3+2 1.4308E-06 5.8662E-07 -6.232 

CuNO3+ 3.5721E-09 2.8584E-09 -8.544 

CuOH+ 6.4019E-07 5.1228E-07 -6.29 

CuSO4 (aq) 1.0497E-08 1.0671E-08 -7.972 

F-1 0.000020105 0.000016088 -4.793 

H+1 9.9267E-08 7.9433E-08 -7.1 

H2CO3* (aq) 0.00021132 0.00021483 -3.668 

H2PO4- 0.00010073 0.000080607 -4.094 

H3PO4 8.8558E-10 9.0027E-10 -9.046 

HCO3- 0.0015028 0.0012025 -2.92 

HF (aq) 1.9026E-09 1.9342E-09 -8.713 

HF2- 1.5481E-13 1.2388E-13 -12.907 

HPO4-2 0.00015689 0.000064324 -4.192 

HSO4- 3.5312E-10 2.8256E-10 -9.549 

K+1 0.00040183 0.00032154 -3.493 

K2HPO4 (aq) 8.7238E-11 8.8685E-11 -10.052 

K2PO4- 8.0289E-15 6.4247E-15 -14.192 

KCl (aq) 5.0248E-06 5.1081E-06 -5.292 

KClO4 (aq) 1.6459E-06 1.6732E-06 -5.776 

KF (aq) 2.3259E-09 2.3645E-09 -8.626 

KH2PO4 (aq) 5.087E-08 5.1714E-08 -7.286 

KHPO4- 1.9607E-07 1.569E-07 -6.804 

KNO3 (aq) 1.4425E-07 1.4664E-07 -6.834 

KOH (aq) 6.9582E-11 7.0737E-11 -10.15 

KPO4-2 7.2082E-12 2.9554E-12 -11.529 

KSO4- 1.0355E-07 8.2861E-08 -7.082 

Mg(NH3)2+2 2.4623E-12 1.0096E-12 -11.996 

Mg+2 0.00082955 0.00034012 -3.468 

Mg2CO3+2 7.7905E-10 3.1941E-10 -9.496 

MgCl+ 0.000053635 0.000042919 -4.367 

MgCO3 (aq) 1.975E-07 2.0078E-07 -6.697 
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MgF+ 5.4317E-07 4.3464E-07 -6.362 

MgHCO3+ 5.2423E-06 4.1949E-06 -5.377 

MgHPO4 

(aq) 0.000013579 0.000013804 -4.86 

MgOH+ 2.0457E-08 1.6369E-08 -7.786 

MgPO4- 6.5434E-09 5.236E-09 -8.281 

MgSO4 (aq) 2.2161E-06 2.2529E-06 -5.647 

Na+1 0.00047974 0.00038389 -3.416 

Na2HPO4 

(aq) 8.2156E-11 8.3519E-11 -10.078 

Na2PO4- 2.4467E-14 1.9579E-14 -13.708 

NaCl (aq) 0.000005999 6.0986E-06 -5.215 

NaClO4 (aq) 4.2011E-07 4.2708E-07 -6.369 

NaCO3- 6.3402E-09 5.0734E-09 -8.295 

NaF (aq) 6.3616E-09 6.4671E-09 -8.189 

NaH2PO4 

(aq) 6.0734E-08 6.1742E-08 -7.209 

NaHCO3 (aq) 2.2759E-07 2.3137E-07 -6.636 

NaHPO4- 3.6256E-07 2.9012E-07 -6.537 

NaNO3 (aq) 7.5176E-08 7.6424E-08 -7.117 

NaOH (aq) 6.0182E-11 6.118E-11 -10.213 

NaPO4-2 8.6059E-12 3.5284E-12 -11.452 

NaSO4- 9.5967E-08 7.6793E-08 -7.115 

NH3 (aq) 0.000042668 0.000043376 -4.363 

NH4+1 0.0075519 0.006043 -2.219 

NH4SO4- 2.9456E-06 0.000002357 -5.628 

NO3-1 0.00088273 0.00070635 -3.151 

OH- 1.582E-07 1.2659E-07 -6.898 

Pb(CO3)2-2 6.3836E-12 2.6173E-12 -11.582 

Pb(NO3)2 

(aq) 7.3545E-15 7.4765E-15 -14.126 

Pb(OH)2 (aq) 7.47E-13 7.5939E-13 -12.12 

Pb(OH)3- 1.2014E-16 9.6133E-17 -16.017 

Pb(SO4)2-2 5.6898E-15 2.3328E-15 -14.632 

Pb+2 1.455E-09 5.9656E-10 -9.224 

Pb2OH+3 1.3334E-17 1.7936E-18 -17.746 

Pb3(OH)4+2 1.6742E-23 6.8642E-24 -23.163 

Pb4(OH)4+4 1.4491E-28 4.0949E-30 -29.388 

PbCl+ 8.5799E-10 6.8656E-10 -9.163 

PbCl2 (aq) 4.6833E-11 4.761E-11 -10.322 

PbCl3- 1.498E-12 1.1987E-12 -11.921 

PbCl4-2 3.5234E-14 1.4446E-14 -13.84 

PbCO3 (aq) 1.4113E-09 1.4347E-09 -8.843 
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PbF+ 1.6942E-12 1.3557E-12 -11.868 

PbF2 (aq) 2.6395E-16 2.6833E-16 -15.571 

PbH2PO4+ 1.9003E-12 1.5206E-12 -11.818 

PbHCO3+ 7.1376E-10 5.7115E-10 -9.243 

PbHPO4 (aq) 4.7521E-11 4.8309E-11 -10.316 

PbNO3+ 7.789E-12 6.2327E-12 -11.205 

PbOH+ 2.3706E-10 1.897E-10 -9.722 

PbSO4 (aq) 1.0462E-11 1.0636E-11 -10.973 

PO4-3 2.5387E-09 3.4149E-10 -9.467 

SO4-2 0.000088783 0.000036401 -4.439 

 

Saturation Indices 

Mineral log IAP 

Sat. 

index Stoichiometry        

Anglesite -13.663 -5.873 1 Pb+2 1 SO4-2      

Anhydrite -7.979 -3.619 1 Ca+2 1 SO4-2      

Antlerite 6.278 -2.51 3 Cu+2 4 H2O -4 H+1 1 SO4-2  
Aragonite -9.689 -1.353 1 Ca+2 1 CO3-2      

Artinite 1.109 -8.491 -2 H+1 2 Mg+2 1 CO3-2 5 H2O  
Atacamite 8.012 0.621 2 Cu+2 3 H2O -3 H+1 1 Cl-1  
Azurite -15.779 1.621 3 Cu+2 2 H2O -2 H+1 2 CO3-2  

Ba(OH)2:8H2O(s) 12.091 

-

12.303 1 Ba+2 10 H2O -2 H+1    

BaF2(s) -11.686 -5.866 1 Ba+2 2 F-1      

BaHPO4(s) -18.665 1.11 1 Ba+2 1 H+1 1 PO4-3    

Barite -6.538 3.442 1 Ba+2 1 SO4-2      

Brochantite 14.583 -0.639 4 Cu+2 6 H2O -6 H+1 1 SO4-2  
Brucite 10.73 -6.37 1 Mg+2 2 H2O -2 H+1    

Ca3(PO4)2 (am1) -29.554 -4.054 3 Ca+2 2 PO4-3      

Ca3(PO4)2 (am2) -29.554 -1.304 3 Ca+2 2 PO4-3      

Ca3(PO4)2 (beta) -29.554 -0.634 3 Ca+2 2 PO4-3      

Ca4H(PO4)3:3H2O(s) -49.665 -1.715 4 Ca+2 1 H+1 3 PO4-3 3 H2O  
CaCO3xH2O(s) -9.69 -2.546 1 Ca+2 1 CO3-2 1 H2O    

CaHPO4(s) -20.107 -0.832 1 Ca+2 1 H+1 1 PO4-3    

CaHPO4:2H2O(s) -20.109 -1.114 1 Ca+2 1 H+1 1 PO4-3 2 H2O  
Calcite -9.689 -1.209 1 Ca+2 1 CO3-2      

Cerrusite -15.373 -2.173 1 Pb+2 1 CO3-2      

Chalcanthite -10.337 -7.697 1 Cu+2 1 SO4-2 5 H2O    

Chloropyromorphite(c) -76.021 8.409 5 Pb+2 3 PO4-3 1 Cl-1    

Chloropyromorphite(soil) -76.021 4.379 5 Pb+2 3 PO4-3 1 Cl-1    

Cotunnite -12.222 -7.442 1 Pb+2 2 Cl-1      

Cu(OH)2(s) 8.305 -0.985 1 Cu+2 2 H2O -2 H+1    



289 

 

289 

 

Cu2(OH)3NO3(s) 6.36 -2.891 2 Cu+2 3 H2O -3 H+1 1 NO3-1  
Cu3(PO4)2(s) -36.612 0.238 3 Cu+2 2 PO4-3      

Cu3(PO4)2:3H2O(s) -36.615 -1.495 3 Cu+2 2 PO4-3 3 H2O    

CuCO3(s) -12.042 -0.542 1 Cu+2 1 CO3-2      

CuF2(s) -15.48 

-

16.595 1 Cu+2 2 F-1      

CuF2:2H2O(s) -15.482 

-

10.932 1 Cu+2 2 F-1 2 H2O    

CuOCuSO4(s) -2.026 

-

12.329 -2 H+1 2 Cu+2 1 H2O 1 SO4-2  

CuSO4(s) -10.332 

-

13.271 1 Cu+2 1 SO4-2      

Dolomite (disordered) -19.307 -2.767 1 Ca+2 1 Mg+2 2 CO3-2    

Dolomite (ordered) -19.307 -2.217 1 Ca+2 1 Mg+2 2 CO3-2    

Epsomite -7.915 -5.788 1 Mg+2 1 SO4-2 7 H2O    

FCO3-Apatite -99.418 14.982 9.316 Ca+2 0.36 Na+1 0.144 Mg+2 4.8 PO4-3 

Fluorite -13.127 -2.627 1 Ca+2 2 F-1      

Gypsum -7.981 -3.371 1 Ca+2 1 SO4-2 2 H2O    

Halite -4.915 -6.465 1 Na+1 1 Cl-1      

Huntite -38.541 -8.573 3 Mg+2 1 Ca+2 4 CO3-2    

Hydrocerrusite -25.773 -7.013 3 Pb+2 2 H2O -2 H+1 2 CO3-2  

Hydromagnesite -27.744 

-

18.978 5 Mg+2 4 CO3-2 -2 H+1 6 H2O  
Hydroxyapatite -39.003 5.33 5 Ca+2 3 PO4-3 1 H2O -1 H+1  
Hydroxylpyromorphite -67.423 -4.633 5 Pb+2 3 PO4-3 1 H2O -1 H+1  
KCl(s) -4.992 -5.892 1 K+1 1 Cl-1      

Langite 14.582 -2.906 -6 H+1 4 Cu+2 7 H2O 1 SO4-2  
Larnakite -8.689 -8.254 -2 H+1 2 Pb+2 1 SO4-2 1 H2O  
Laurionite -3.624 -4.247 -1 H+1 1 Pb+2 1 Cl-1 1 H2O  

Lime 10.659 

-

22.041 -2 H+1 1 Ca+2 1 H2O    

Litharge 4.975 -7.715 1 Pb+2 1 H2O -2 H+1    

Magnesite -9.617 -2.157 1 Mg+2 1 CO3-2      

Malachite -3.737 1.732 2 Cu+2 2 H2O -2 H+1 1 CO3-2  
Massicot 4.975 -7.915 1 Pb+2 1 H2O -2 H+1    

Matlockite -15.517 -6.544 1 Pb+2 1 Cl-1 1 F-1    

Melanothallite -8.891 

-

15.148 1 Cu+2 2 Cl-1      

Mg(OH)2 (active) 10.73 -8.064 1 Mg+2 2 H2O -2 H+1    

Mg2(OH)3Cl:4H2O(s) 12.857 

-

13.143 2 Mg+2 1 Cl-1 -3 H+1 7 H2O  
Mg3(PO4)2(s) -29.338 -6.058 3 Mg+2 2 PO4-3      

MgCO3:5H2O(s) -9.623 -5.083 1 Mg+2 1 CO3-2 5 H2O    

MgF2(s) -13.055 -4.945 1 Mg+2 2 F-1      
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MgHPO4:3H2O(s) -20.038 -1.863 1 Mg+2 1 H+1 1 PO4-3 3 H2O  

Mirabilite -11.281 

-

10.167 2 Na+1 1 SO4-2 10 H2O    

NaF(s) -8.209 -7.719 1 Na+1 1 F-1      

Natron -12.991 -11.68 2 Na+1 1 CO3-2 10 H2O    

Nesquehonite -9.62 -4.95 1 Mg+2 1 CO3-2 3 H2O    

Pb(OH)2(s) 4.974 -3.176 -2 H+1 1 Pb+2 2 H2O    

Pb10(OH)6O(CO3)6(s) -72.344 

-

63.584 10 Pb+2 6 CO3-2 7 H2O -8 H+1  
Pb2(OH)3Cl(s) 1.349 -7.444 -3 H+1 2 Pb+2 3 H2O 1 Cl-1  

Pb2O(OH)2(s) 9.948 

-

16.242 2 Pb+2 3 H2O -4 H+1    

Pb2OCO3(s) -10.399 -9.841 -2 H+1 2 Pb+2 1 H2O 1 CO3-2  
Pb3(PO4)2(s) -46.606 -3.076 3 Pb+2 2 PO4-3      

Pb3O2CO3(s) -5.424 

-

16.444 -4 H+1 3 Pb+2 1 CO3-2 2 H2O  
Pb3O2SO4(s) -3.714 -14.4 -4 H+1 3 Pb+2 1 SO4-2 2 H2O  

Pb4(OH)6SO4(s) 1.257 

-

19.843 -6 H+1 4 Pb+2 1 SO4-2 6 H2O  

Pb4O3SO4(s) 1.261 

-

20.617 -6 H+1 4 Pb+2 1 SO4-2 3 H2O  

PbF2(s) -18.811 

-

11.371 1 Pb+2 2 F-1      

PbHPO4(s) -25.791 -1.986 1 Pb+2 1 H+1 1 PO4-3    

PbO:0.3H2O(s) 4.974 -8.006 -2 H+1 1 Pb+2 1.33 H2O    

Periclase 10.731 

-

10.854 -2 H+1 1 Mg+2 1 H2O    

Phosgenite -27.596 -7.786 2 Pb+2 2 Cl-1 1 CO3-2    

Portlandite 10.658 

-

12.046 1 Ca+2 2 H2O -2 H+1    

Struvite -15.16 -1.9 1 Mg+2 1 NH4+1 1 PO4-3 6 H2O  
Tenorite(am) 8.306 -0.184 1 Cu+2 1 H2O -2 H+1    

Tenorite(c) 8.306 0.666 1 Cu+2 -2 H+1 1 H2O    

Thenardite -11.27 

-

11.592 2 Na+1 1 SO4-2      

Thermonatrite -12.982 

-

13.619 2 Na+1 1 CO3-2 1 H2O    

Tsumebite -12.515 -2.725 -3 H+1 2 Pb+2 1 Cu+2 1 PO4-3 

Vaterite -9.689 -1.776 1 Ca+2 1 CO3-2      

Witherite -8.248 0.322 1 Ba+2 1 CO3-2      
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