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Objective  
The Water Innovation Network for Sustainable Small Systems (WINSSS) brings together a 

national team of experts to transform drinking water treatment for small water systems 

(SWS) to meet the urgent need for state-of-the-art innovation, development, demonstration, and 

implementation of treatment, information, and process technologies in part by leveraging 

existing relationships with industry through the Massachusetts Water Cluster. Specifically, 

WINSSS will facilitate a clear pathway for innovation implementation by creating the following 

outputs: (i) novel approaches to treating grouped contaminants such as organic carbon, trace 

organics, disinfection by-products, and nitrogenous compounds, (ii) pilot demonstration of 

promising technologies previously developed under EPAôs STAR program and other programs 

which will address the contaminants above as well as metals such as As, Fe, Mn, and Cr, and 

other inorganics such as F and sulfide, (iii) standardized testing requirements for multiple states, 

(iv) tools to simplify system operations such as an asset management app and a distributed 

sensing and monitoring notification system, (v) an extensive outreach system including a 

website, newsletter, workshops and presentations, webinars and educational modules, and (vi) a 

technology analysis database for determining a technology's suitability for implementation in 

small systems considering energy, sustainability, robustness, human health, and human, 

regulatory and system acceptance. 

Consistent with this objective, this yearôs report includes a ñtreatment technology summaryò 

table for each innovative technology being studied. These tables stem from a discussion at the 

Center meeting held in Austin, Texas during the previous reporting period, in which the Centerôs 

Science Advisory Committee suggested that every technology under consideration should be 

compared to existing technologies to help evaluate the viability of the innovative technology in 

the market place. 

Progress Summary 

Center Governance and Administrative Units  

The WINSSS executive committee consists of David Reckhow (UMass), John Tobiason 

(UMass), Desmond Lawler (UT), and Bruce Dvorak (UNL). Celina Dozier has served as 

administrative coordinator since May 2016, while Patrick Wittbold (UMass) continues as Quality 

Assurance Manager and together with Celina Dozier as overall support staff. The WINSSS 

Executive Committee and support staff meet every two weeks via video-conference to discuss 

WINSSS issues and projects. PIs are invited periodically to participate in the video-conference to 

update the committee on the progress of their respective project(s).  

The WINSSS Center Advisory Board (CAB) is composed of high-level representatives from 8 

different agencies or governmental groups: 

¶ MA Legislature (a key member of the MA house or senate who is active on 

environmental and water resources committees) 

¶ MA Executive office of Energy and Environmental Affairs (secretary or undersecretary) 

¶ MA Department of Public Health (Commissioner or Director of Bureau of Public Health) 
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¶ New England Water Cluster (NEWIN Chair or Executive Director) 

¶ US House of Representatives (MA 2nd District Representative) 

¶ US EPA Region 1 (Administrator or Director of Ecosystem Protection) 

¶ US Indian Health Service (Director of Environmental Health & Engineering) 

¶ US Corporation for National and Community Service (CEO or Atlantic Cluster Area 

Manager) 

The represented groups were carefully selected to include those charged with making decisions 

on regional and national needs in drinking water. The groups are sufficiently diverse so that their 

perspectives on various water issues will span a range of needs and objectives. In addition, there 

is a focus on individuals from MA, which was done to improve our chances of getting both their 

physical attendance at meetings and to heighten their interest as WINSSS has a substantial 

presence in MA. 

The original intent was to convene the Center Advisory Board annually for reviewing and 

assessing the overall direction of the Center. However, there were no compelling reasons for this 

group to meet during FY17, so communication was via email only. The next meeting is planned 

to coincide with the Center meeting in Amherst on October 13, 2017.  

The WINSSS Scientific Advisory Committee (SAC) was created to provide review and input on 

all the WINSSS projects, with a special emphasis on assessing technical issues related to 

implementation as well as cost. The membership of the SAC includes: 

¶ Marjorie Aelion, PhD, UMass Amherst School of Public Health, Amherst, MA, Dean 

¶ Marlo Berg, Texas Commission on Environmental Quality, Drinking water section 

¶ Sarah Clark, HDR, Inc. Denver CO, Senior Project Manager 

¶ John McClellan, PhD, Tighe & Bond, Inc., Westfield, MA, Vice President 

¶ Ken Mercer, PhD, AWWA, Denver, CO, Senior Manager, Technical and Research 

Programs 

¶ Chris Miller, Miller and Associates, Kearney, NE, Small systems consultant 

¶ Madjid Mohseni, PhD, University of British Columbia, Professor, Director RESôEAU 

¶ Orren Schneider, PhD, American Water, Vorhees, NJ, Manager, Water Technology 

¶ Scott Summers, PhD, University of Colorado, Boulder, Professor, Director, DeRISK 

¶ Michael Hiscock, US EPA, WINSSS EPA Project Manager 

The SAC members include representation from the DeRISK and RESôEAU small system 

research centers, consultants, regulators, water utilities and public health academia. The SAC has 

reviewed the original center proposal and annual reports, and met at the WINSSS Center in-

person meeting in Austin, Texas in March 2016. Three SAC members served on the review 

committee for the proposals submitted under the Emerging Technologies RFP that the WINSSS 

Center issued in early 2017. SAC members have been invited to attend the in-person WINSSS 

Center meeting in Amherst, MA on October 13, 2017.  
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Collaborations with DeRISK and 2%3ȭ%!5 

WINSSS is strongly interconnected with DeRISK at a high level and this feature adds value to 

both centers. First, Dave Reckhow is a member of the DeRISK Science Advisory Committee and 

Bruce Dvorak is a member of the DeRISK Implementation Advisory Committee. As such, both 

participated in the 2015 DeRISK Center meeting in Boulder (Aug 31-Sept 1). In addition, Scott 

Summers (DeRISK Director) is a member of the WINSSS Science Advisory Committee. Finally, 

Madjid Mohseni, Director of the Canadian Center, RESôEAU, is a member of both Centersô 

SACs. 

The two centers also participate in several focused activities. Both are engaged in working on 

reducing barriers to acceptance of new technologies. This includes close collaboration, especially 

with the help of Steve Wilson and ASDWA. The two centers have been working together on a 

common newsletter and set of web-based research meetings, discussed in further detail below. 

In May 2017, the two US centers joined their Canadian counterparts at the RESôEAU annual 

meeting in Victoria, BC. The majority of the conference program was devoted to presentations 

by RESôEAU researchers, but there were also some invited presentations by WINSSS and 

DeRISK. Both US centers participated in panel discussions as well. The result was a stronger 

connection between the centers and a deeper understanding of the RESôEAU and DeRISK 

projects, as well as synergies with similar projects from the other centers. 

 

Service Unit 1: Education and Outreach  

The WINSSS Center has an active outreach program that focuses on providing credible and 

engaging information to help advance the state of the science. This allows for the research, 

findings, and data developed from the Center to be disseminated by multiple pathways, thereby 

increasing knowledge and positively impacting small system sustainability and public health 

protection. Center outreach is providing nationwide exposure of WINSSS Center products and 

other applicable technology-related information. A number of approaches are being used to 

create a resource that improves access to technology information and fosters communication 

among stakeholders (small systems, consulting engineers, state personnel, Technology 

Assistance [TA] providers, and scientists). During the life of the Center, members of the 

WINSSS Executive Committee collaborated with the DeRISK Center Executive Committee to 

coordinate outreach and educational activities. This includes creating a joint monthly e-

newsletter, a shared website (drinkingwatercenters.org) that describes the work being done for 

each center and links to each centerôs respective site, and collaborating on outreach 

presentations, such as at the AWWA Annual Conference. 

Progress 

Website and Forum. The WINSSS Center website (umass.edu/winsss) has been utilized to share 

Center objectives and information with the public. Presentations from the Center-wide meeting 

in Austin are available for viewing and profiles of Center personnel and partners accessible. 

Additionally, there is an up-to-date listing of journal papers and presentations that are produced 

from WINSSS projects. This year, WINSSS has made concerted efforts to make the Centerôs site 

more interactive, such as posting the latest results from the various research projects, posting 

information about the Emerging Technologies Program Award (see Service Unit 3), and work 

has begun to implement forums. These forums are aimed at providing an online space for state 
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regulators and plant operators to discuss problems, solutions, and implementation of 

technologies. A SurveyMonkey poll was conducted to identify topics of interest and to gauge the 

usefulness of such a forum. Approximately 50 operators, from Massachusetts and Nebraska, 

participated in the poll. With the assistance of the UMass Center for Education Software 

Development, the forum will be live on the WINSSS Center website within the upcoming 

months. 

Newsletter. Ten joint email newsletters have been distributed since August 2015. These provide 

interested stakeholders within WINSSS and DeRISK with project updates and information on 

upcoming events and links to upcoming events and relevant scholarly publications. More than 

200 people subscribe to the monthly newsletters. This effort is led by the WINSSS Center, 

through the University of Illinois.  

Social media. The Twitter account @tech4smallwater gives updates on WINSSS Center project 

progress and shares information on related research and events. Through the University of 

Illinois, WINSSS has also established a LinkedIn group, Tech 4 Small Water.  

Workshops and Presentations. As the Centerôs work continues, the process of disseminating the 

research outputs through presentations are starting to increase. During the 2016-17 fiscal year, 

presentations related to how the Center is helping facilitate the development of innovative 

solutions were made at the US EPA Small Systems Workshop in Cincinnati, AWWAôs Annual 

Conference and Exposition (ACE) in Philadelphia, National Rural Water Association Annual 

Conference in Orlando, and at multiple regional conferences. The WINSSS Center participated 

in small systems conference in Victoria, British Columbia with the DeRISK and RESôEAU-

WaterNET Centers.  

Webinars. The WINSSS Center is collaborating with the US EPA to have presentations on 

specific projects given as part of their monthly Small Systems Webinar series. Two presentations 

were given as part of this series in the fall of 2016:  one on approaches to technology approval in 

December 13, 2016, and the use of ion exchange to remove multiple contaminants on August 30, 

2016. Six Joint Center Webinars were held during the reporting year (October 13, November 17, 

January 19, February 24, March 31, and April 28). These webinars included PIs and students 

from WINSSS, DeRISK, and REôSEAU WaterNet, in which students and PIs presented project 

summaries and findings to date. 

Other educational activities. Additional outreach activities include educational activities within 

the academic circles. These activities highlight the unique challenges faced by small systems to 

the next generation of researchers, design engineers, innovators, and regulators. The educational 

activities include: 

¶ Sponsorship of the New England Graduate Student Water Symposium in Amherst, 

MA, 

¶ Participation in an online three-center small water and wastewater systems class 

during the spring of 2017, including three presentations given by WINSSS faculty 

and the participation of about five students and faculty from WINSSS Universities. 
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Service Unit 2: Research Project Outcome Assessment, Contaminant 
Regulation, and Sustainability  

Project progress is on track with the research objectives and timeline to accomplish research 

activities. The literature review has been conducted and a draft of the sustainability assessment 

framework with semi-quantitative matrix has been generated. The current version of the 

sustainability assessment framework has included 5 dimensions, 18 criteria, 28 qualitative 

indicators, and 45 quantitative indicators. The approaches to acquire data or estimate indicators 

have been included in the sustainability assessment framework as well. Database and survey are 

the primary data sources. A draft of the rating scale questions for surveying managers and 

customers of small water systems has been developed.  

Progress 

Adib Amini and Jie Zhang have developed a Sustainability Assessment Framework (SAF), 

which allows for multi-dimensional evaluation of water treatment technologies. Details for the 

dimensions and criteria in the SAF were described in the 2016 annual report.  

To assess the qualitative criteria, a weighting scheme has been created through an analytic 

hierarchy process (AHP) with the information from a survey of various stakeholders. The survey 

was put into a digital platform with SurveyMonkey software to make it easy to distribute and 

complete. The survey was designed with three primary sections. The first section collected 

demographic and background information (e.g., age, gender, race, etc.). The second section 

included a pairwise comparison of the 5 dimensions of the SAF including technological, 

environmental, economic, societal, and managerial. In the second section, the participants were 

asked to slide the scale closer toward the side that they feel is more important among the two 

options (Figure 1Error! Reference source not found.). The third section of the survey allowed 

for rating of the 18 criteria. Each of these criteria fall within one of the 5 dimensions (Table 1).  

Over 80 individuals partook in the survey, with the majority being operators and managers of 

water utilities. An individual score for each of the 18 criteria of the framework has been 

calculated from the survey results, using the AHP, as shown in Table 1. It was found that the 

criteria considered most important to survey participants are the performance (14%) and 

reliability (13%) of the system. Furthermore, robustness (the ability to endure shock loads) and 

ease of use were also considered very important. These calculated weights of the criteria will be 

used in the SAF.  

 
Figure 1. Snapshot of section 2 of the survey, showing pairwise comparison of dimensions 
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Table 1. The calculated weighting scheme of the sustainable assessment framework (SAF) criteria based on survey 
results 

Dimension Criteria  Weight Dimension Criteria  Weight 

Technological 

Performance 14% 
Environmental 

(Contôd) 

Waste 

Production and 

Generation 

2% 

Robustness 9% 

Economic 

Technology 

Costs 
6% 

Ability to be 

implemented 
4% 

Technology 

Externality 

Costs 

4% 

Transferability 1% 

Societal 

Ease of Use 7% 

Adaptability 3% 
Risk 

Awareness 
4% 

Reliability 13% Acceptance 6% 

Environmental 

Energy Usage 

Amount 
6% 

Managerial 

Managerial 

Mechanisms 
8% 

Chemical Usage 

Amount 
4% 

Information 

dissemination 
2% 

Land Area 

Required 
2% 

Managerial 

Adaptability 
7% 
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Service Unit 3: Emerging Technologie s 

Service Unit 3 for the WINSSS Center is focused on identifying and supporting emerging 

technologies that were not included in the WINSSS Center proposal. WINSSS Center leadership 

recognized that researchers outside of the WINSS and DeRISK Center awards are likely to have 

some excellent ideas for viable innovative technologies for small water systems. Thus, a 

competition to offer a total of $200,000 in seed funding to support fundamental work on 

technologies that are appropriate for small systems and could be ready for use within 10 years 

was included in the WINSSS Center proposal. 

A request for proposals (RFP) for up to $50,000 funding per 1-year duration project was issued 

in late 2016 with the intent of funding 4 projects. A total of 38 proposals were received by the 

due date of February 15, 2017. A committee of two WINSSS investigators and three members of 

the WINNSS Science Advisory Committee evaluated the proposals and decided to support the 

four projects listed below: 

¶ Removal of Nitrate from Groundwater without Co-Production of High Concentration of 

Disposable Brine. Arup SenGupta- Lehigh University 

¶ Electrocoagulation and Electrooxidation to Treat Microbial and Chemical Contaminants 

in Small Drinking water systems. Brooke Mayer, Patrick McNamara, and Kyana Young- 

Marquette University 

¶ Biological Denitrification for Small Water Systems Using Iron-Sulfur Minerals. Sarina 

Ergas and Jeffrey Cunningham- University of South Florida 

¶ Reactive Electrochemical Membranes for Simultaneous Removal of Multiple Classes of 

Contaminants of Concern in Small Drinking Water Systems. Brian Chaplin- University of 

Illinois at Chicago, Wenqing Xu- Villanova University 

The four projects began in June 2017 and will be completed by June 2018. Projects selection was 

based on three main criteria: engineering/scientific advancement and innovation, applicability to 

small systems, and chance of success. Results of these projects will be included in the year 4 

annual report. 

Service Unit 3 activity also includes periodic engagement with companies that want assessment 

and evaluation of a technology that they would like to bring to market (or expand market 

presence) and/or further develop. Some of the contacts result from company interactions with the 

NEWIN water cluster while others result from direct contact with the WINSSS center. Outcomes 

of these contacts have included donated or discounted purchase of equipment for the 

WINSSS/NEWIN Mobile Pilot Trailer, as well as additional project funding to UMass outside of 

the WINSSS funding. 
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Service Unit 4: Center Sustainment  

As stated in the WINSSS proposal, our vision for the Center is of an ongoing entity that provides 

innovations for small systems on a long-term basis, extending well beyond the initial four-year 

funding period (i.e., beyond 2018)1. This requires that the Center have a long-term funding plan 

as well as a plan to keep its contributions relevant and vigorous. Several models were put 

forward in the proposal to keep the Center funded beyond 2018, including some combination of 

the following sources: 

¶ Sales and intellectual property related revenue 

¶ Validation testing for private companies and related water cluster support 

¶ Direct funding by utilities 

¶ Industry groups (e.g., local section AWWA) 

¶ States and primacy agencies 

¶ Federal agencies (e.g., EPA) 

Funding from intellectual property (IP) licensing and validation exercises is a potential source 

related to technologies developed by the university PIs working under the Center and from Water 

Cluster activities related to the Center. As new technologies are developed, established 

agreements on IP will be crafted in a way that will return a fraction of any income to the Center. 

In addition, WINSSS will play a role in third-party testing and evaluation of new water treatment 

technologies. A fee for such testing will be charged to cover costs of piloting and associated 

water quality analysis, as well as administrative costs. This testing is an opportunity of great 

interest to NEWIN and to the Massachusetts Clean Energy Center (CEC). Partly for this reason, 

the CEC pledged $100,000 to UMass in support of a mobile pilot-testing facility. The mobile 

pilot-testing trailer was carefully developed on the Amherst campus to make maximum use of 

existing resources and donated materials. The intent is for the trailer to be used in the piloting 

projects within the Center as well as for cluster-related third-party testing and validation. 

Direct funding by utilities might proceed via the North Carolina Urban Water Consortium 

(UWC) model. While small utilities are not generally able to support national technology efforts, 

medium to large utilities might have the interest and resources to help. Many have recognized 

that it is in their self-interest to support organizations such as the UWC to help address regional 

problems related to water quality and treatment. The UWC model incorporates a board of 

advisors from NC water utilities who make decisions on funding using pooled resources. On a 

national scale, the Water Research Foundation (WRF, formerly AWWARF) runs a research 

program partly through subscriber utility fees. The WRF subscribers are heavily weighted 

toward the largest utilities in the US. Many medium sized systems have elected not to subscribe 

because of perceptions that WRFôs research activities are driven by the needs of a relatively 

small number of big utilities. This situation has helped create some space for local organizations 

such as the NC UWC. The Center proposes to work with the National Institutes for Water 

Resources centers, who have expressed an interest, to help them develop a local UWC model for 

interested states. In return, the National Center would be given some authority to help steer the 

                                                 
1 Includes initial 3-year grant, plus a 1-year no-cost extension. 
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funding toward issues that have national as well as regional significance and are appropriate to 

small systems as well as medium or large systems. 

National and regional industry or trade groups (e.g., NRWA, AWWA, NEIWPCC) and their 

local sections are strong supporters of this Center. This support may not translate to any direct 

financial assistance. It may however, lead to collaborative education and technology transfer 

activities that are mutually beneficial. This type of collaboration has developed in many parts of 

the US, such as will the NEWWA coalition. The national Center may be able to continue its 

outreach activities at a greatly reduced cost by virtue of such collaborations. 

State primacy agencies should benefit substantially from the Centerôs activities. New 

technologies and associated training will help small systems comply with state and federal 

regulations, which will lift some of the burdens under which primacy agencies are working. 

Since the state agencies would be a chief beneficiary of this work, it makes sense to look to them 

for assistance to continue the Center funding. Many state agencies managing water programs are 

financially challenged. Nevertheless, we may be able to make a convincing argument that 

supporting the Center is a good investment and ultimately relieves regulatory pressures, helps 

with training of state regulatory personnel, and helps with interstate regulatory coordination 

(Project B1). 

Long-term Innovation   

Sustainability of the Centerôs intellectual vigor is another issue that requires careful planning. To 

be successful in the long-term, it is critical that new ideas and approaches be embraced. A 

dynamic and fertile atmosphere for innovation must be maintained at the Center. All of the 

Center PIs actively engage in research, immerse themselves in the scientific literature, interact 

with industry on new water technologies, and regularly participate in national and international 

conferences as well as in panels to evaluate proposals for national and international funding 

agencies. Nevertheless, to best serve national needs, the flow of new ideas must come from a 

broader range of researchers than those directly funded by this Center. Many new ideas worth 

pursuing will not come from the Center PIs (i.e., will not be the Centerôs intellectual property) 

but from other researchers not currently associated with the Center who will be best suited to 

advance them. As such, one activity of the Center this past year was the four awards of $50,000 

each we made under the Service Unit 3 Emerging Technologies program (as listed above).  
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Mobile Pilot Trailer  

The WINSSS Center benefits from seed funding 

for a mobile pilot trailer that has been provided 

by the Massachusetts Clean Energy Center. The 

UMass Mobile Water Treatment Facility 

(MWTF) is a 36-ft trailer that has been 

customized to allow simulation of both an 

experimental and a parallel control water 

treatment train. Each train is able to treat up to 10 

gallons per minute (gpm) of water using a wide 

range of conventional and advanced technologies. 

The original purpose of the UMass MWTF was 

twofold: (1) to support the EPA center (WINSSS) 

by testing WINSSS-associated technologies in 

pilot scale and (2) to support NEWIN by testing 

other technologies as requested in pilot scale. The 

need for a mobile unit is based on the site-

specific nature of raw water quality and the large 

amounts of water used for testing at this scale, 

making transport of the requisite amount of raw 

water impractical. 

 

In 2016 and 2017, WINSSS acquired monitoring equipment from several sources. These allow 

on-line sensing of: 

¶ pH, ORP and temperature 
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¶ Free Chlorine, chloramines and ozone monitor, via several technologies 

¶ Turbidity 

¶ UV absorbance 

¶ Total organic carbon 

¶ Chemical oxygen demand 

¶ THM precursors 

 

Testing and calibration of the trailer units and sensors are currently underway. The treatment 

scheme of the trailer consists of conventional technologies including a pre-oxidation contactor, 

up-flow roughing filtration, intermediate oxidation contactor, dual media sand-anthracite 

filtration, and a post-oxidation contactor. The installed components are designed in such a way 

that numerous operational and flow configurations are possible to evaluate a wide variety of 

treatment options. Advanced treatment technologies including ferrate oxidation, ion-exchange, 

electro-chemical oxidation, and ultra-filtration are currently being evaluated for installation 

during this current year as needed.  

The first deployment for the trailer is planned for early October 2017 in Boston. This will be a 

public event to build support for WINSSS and thank MA CEC for their support. After this, we 

plan to use the trailer in support of: (1) testing WINSSS technologies such as ferrate under pilot 

scale conditions, and (2) direct assistance to small systems (see paragraph below). 

Direct Assistance to Small Systems 

With about 150,000 small systems in the US, it would be impossible for an entity like WINSSS 

to provide direct assistance to even a small fraction of them. However, WINSSS can help 

develop models for academic assistance and instruction much like RESôEAU has done in Canada 

with their Community Circle initiative. A key step in this direction is being taken with the 

offering of a special topics class at UMass on ñPotable Water for Small and Disadvantaged 

Communitiesò the Fall 2017 semester. The description of this course is presented below. 

Course Instructors and Resource Providers:  
1. Dave Reckhow ï Civil & Environmental Engineering; water quality and treatment 

(https://cee.umass.edu/faculty/david-reckhow ) 

2. Emily Kumpel ï Civil & Environmental Engineering; water for low income communities 

(https://cee.umass.edu/faculty/emily-kumpel ) 

3. Tim Ford ï Environmental Health Sciences; waterborne pathogens and community 

engagement (https://www.umass.edu/sphhs/person/faculty/timothy-e-ford ) 

4. Anita Milman ï Environmental Conservation; water resources and environmental 

governance (http://eco.umass.edu/people/faculty/milman-anita/ )  

5. John Tobiason - Civil & Environmental Engineering; water quality and treatment 

(https://cee.umass.edu/faculty/john-tobiason ) 

 

In the US, there are approximately 150,000 public drinking water systems. Of these 50,000 are 

considered community water systems. The vast majority of these systems are small (serving less 

than 3,300 people), underfunded, under-staffed, and experience almost daily challenges to meet 

the needs of their customers, and the regulatory agencies. This set of circumstances creates new 

underserved populations in communities that are often already disadvantaged; a situation that 

raises serious environmental justice concerns. Solving these problems requires a concerted effort 

https://cee.umass.edu/faculty/david-reckhow
https://cee.umass.edu/faculty/emily-kumpel
https://www.umass.edu/sphhs/person/faculty/timothy-e-ford
http://eco.umass.edu/people/faculty/milman-anita/
https://cee.umass.edu/faculty/john-tobiason
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by interdisciplinary teams including social scientists, engineers, political scientists, public health 

scientists, chemists and economists. Some of the relevant areas of study include: 

1. Institutional structure, incentives and dynamics 

2. Interactions across levels of government 

3. Social capital 

4. Politics 

5. Engineering: treatment used for small water systems 

6. Water Quality & Public Health 

7. Economics 

8. Participation of public and other stakeholders 

9. Community-based management 

10. Capacity 

11. Science-policy interface 

12. Psychological aspects 

 

In this course, we will create several interdisciplinary teams of students who will work together 

over the semester to address problems experienced by a specific nearby public water system (i.e., 

the ñstudy siteò or ñfield siteò). The study site(s) will be selected by the course instructors in 

consultation with the New England state water administrators. Each of the instructors will 

present background on public water supplies from the perspective of their academic disciplines 

(see lists below). The lead instructor (Reckhow) will then present case studies from recent 

experience using the RESôEAU Community Circle program as well as other similar efforts (e.g., 

Community Engineering Corps). The instructors will then work with each of the student teams to 

begin addressing the problems at the assigned study sites. This work will include: (1) 

documenting the system and its challenges based on existing records at the state offices and 

community files; (2) identification of the key stakeholders, (3) on-site or video meetings with 

those key stakeholders; (4) development of a preliminary report on the system needs, problems, 

and solutions already proposed by the stakeholders; (5) development of a plan and report 

including proposals for new, alternative solutions to the identified problems. 

Each team will be asked to prepare a preliminary and final semester report and present their 

findings (both preliminary and final) to the class. Grading will be based on the reports, the group 

presentations, as well as participation with the instructors over the course of the semester. 

 

Some background topics grouped by faculty are: 

 

Dave Reckhow (with support from John Tobiason) 

¶ Overview of US water supply, types of systems, system sizes, demographics 

¶ Basics of water systems, physical components and treatment 

¶ Regulatory requirements for small systems, violations and breakdown among types 

¶ Engineering technology appropriate for small systems 

¶ Asset management for small systems 

Anita Milman 

¶ Overview of water system economics and challenges (capital costs, operations & 

maintenance, issues with how to recover costs, sources of funding) 

¶ Water Policy and institutions 

¶ Political challenges of water provision - and the low-level equilibrium trap 
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¶ Environmental justice 

Emily Kumpel 

¶ Water Safety Plans 

¶ Assessing capacity for monitoring 

¶ Data flows and Information and Communication Technologies 

¶ Water quality in distribution systems 

Tim Ford 

¶ special issues when working with tribal systems 

¶ waterborne disease risk 

¶ Biofilms 

Other guest lecturers 

¶ Wells and groundwater, safe yield, technology (David Boutt, Geosciences) 

¶ Kenya experience (a UMass EWB team member) 

¶ Regulatory perspective (guest lecturer from MA DEP) 

¶ Service Providers perspective (guest lecturer from RCAP or MassRWA) 

 

Working closely with MA Department of Environmental Protection (DEP), we have identified 

three small systems in need that are also within a 1-hr drive from the UMass Amherst campus. In 

its first semester (Fall 2017), 20 graduate and undergraduate students have enrolled in this 

course. Approximately half are environmental engineering students and the other half are from 

programs in Environmental Conservation, Geography, Landscape Architecture and Regional 

Planning, Sustainable Development, Environmental Science, Anthropology, and Environmental 

& Natural Resources Economics. These students will be divided into 3 teams, each with a wide 

range of backgrounds. The teams will work with the 4 instructors to identify key stakeholders for 

the 3 small systems, and then proceed with community discussions as done under the 

Community Circle methodology. In some cases, we may be able to proceed to proposed 

solutions, incorporating engineering, financial and managerial changes. 

The end result of this effort will be a fully-developed course that can be adapted to other 

universities. We expect this should help with recruiting new talent into the area of small systems 

as well as elevating the visibility of their unique problems. We will also develop a set of case 

studies illustrating how universities might engage in direct assistance to these systems. 

 

Creating a University-based program ñAsk the expertò 

University faculty regularly serve as paid experts, providing advice on projects driven by large 

utilities and their engineering consultants. This is tacit recognition that a very important and 

unique knowledge base exists at the Universities. However, state regulatory agencies and small 

drinking water systems neither have the funds nor the mechanism to engage university-based 

experts in this way. WINSSS is currently exploring a web-based platform and a system of 

incentives that could provide a level of service for states and small systems that is comparable to 

what is already available to large systems and consulting firms. 

The goal would be to develop a more comprehensive 24-7 version of the ñAsk the expertò forum 

that has been a regular feature at the annual EPA workshop for small systems. Instead of just 

bringing together state regulators and the academic experts who happen to be at the Cincinnati 

meeting, we would create a forum that is open to all from these two groups across the US. In 
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addition, it would be an on-going discussion and not just be limited to an annual 90-minute 

session. 

 

WINSSS has been working with the CESD at UMass to develop this on-line forum. Separate 

sections (or e-rooms) are being developed on different topics and technologies. In addition, there 

will be an ñunclassifiedò section where new topics of general interest will emerge. State drinking 

water officials will be given access as will key university experts. The site will be curated by the 

WINSSS staff. We anticipate that many technological questions will be answered by other state 

agency users. However, questions that are not easily answered will be referred to 2 or 3 

designated university topic experts. These experts will be identified by a subgroup of the Center 

researchers and the SAC members. The experts will not be financially compensated for their 

time, but they will receive special recognition of the type that is valued by Universities in their 

promotion and tenure considerations. 

 

Assistance to States for Data Sharing and Technology Acceptance 

Members of the WINSSS team (led by Steve Wilson) have been engaged with ASDWA in 

planning how to best access and share data on new technologies among the states. This is part of 

a larger effort with an over-arching goal ñto develop a sustainable program that involves all 

stakeholders, states, EPA, ASDWA, Universities, vendors, and consultants, in providing a 

common agreed upon platform and approach to approving drinking water technologies and 

provides states with adequate information to evaluate and approve the technologiesò. 

 

The end product of this work would be a password protected site to which access is given to state 

personnel, ASDWA and the key stakeholders (e.g., academic partners). This would first include 

data from a few pilot states (e.g., CA, WA, MA) and initially populated with pre-existing 

compiled Level 1 data (generic and trade names for technologies, date of evaluation, state where 

evaluated, decision; e.g., http://www.mass.gov/eea/docs/dep/water/compliance/newtech.pdf ). 

With proper approvals, it will be expanded to include Level 2 (testing required, numbers, 

timeframe, conditions, and expected performance) and even Level 3 data (results of specific 

tests, Q&A between vendors and regulators, follow-up, conditions of approval). 

 

WINSSS and its network of academics is ideally suited to provide special access to research and 

application data for this effort. It is in the best position to extract useful information from the 

academic literature and to assist in the generation of new performance data. The former would 

result in new-generation treatability database cross indexed between contaminants, treatment 

objectives and technologies. The latter would employ university laboratory and pilot testing 

facilities. Most entrepreneurs, states, utilities and consultants are not able to sustain facilities for 

advanced testing and piloting. However, universities often have these for teaching and research 

purposes. The solution proposed here is to link university based facilities with the statesô needs. 

There is often unutilized capacity among state university labs. One approach is to create a 

potable water version of WE&RFôs national LIFT network (http://liftlink.werf.org/ ). The 

nascent US water clusters may be willing partners in this endeavor. As evidence, NEWIN, the 

North East Water Innovation Network, has already helped to identify existing piloting facilities 

and has even made efforts to construct new ones in the Northeast. 

  

http://www.mass.gov/eea/docs/dep/water/compliance/newtech.pdf
http://liftlink.werf.org/
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WINSSS Project A: Implementation of Sustainable and Innovative 
Treatment Technologies  
 

The focus of WINSSS Project A is on the implementation of innovative technologies that are 

specifically designed for, or particularly apt for, small water systems. The underlying hypothesis 

is that small water systems often require different technologies than do larger systems to 

accomplish multiple treatment objectives. The overall objective is to test whether certain 

innovative technologies are particularly appropriate for small water systems, and if so, to provide 

guidelines for their implementation that would be geared to those small systems. 

Project A has seven sub-projects. The three major sub-projects are spin-offs of previous US EPA 

STAR grants for innovative treatment technology research. Project A1 at the University of 

Massachusetts Amherst (UM) is concerned with implementing the use of ferrate for oxidation. 

Project A2 at the University of Texas at Austin (UT) is directed at the use of aluminum- and 

iron-based coagulants for removal of multiple inorganic and organic contaminants. Project A3, 

based at Arizona State University (since Aug 2016; previously at the University of Florida (UF)) 

and the University of South Florida (USF) involves sustainable use of ion exchange for multiple 

ion removal. The three larger projects involve laboratory, pilot, and full-scale experimental 

testing of the various technologies that have been identified in the initial US EPA STAR projects 

and, where appropriate, testing of alternative technologies that have been used in larger plants. 

Project A4, based at the University of Nebraska, Lincoln, investigates the impacts of natural 

filtration (riverbank filtration or slow-sand filtration) on post-disinfection water quality. Three 

very small sub-projects noted in the project proposal include: A5 (UM), develop guidelines on 

the impacts of intermittent operation on treatment performance; A6 (UT) develop guidelines for 

coagulant selection (and dose setting) for enhanced coagulation; and A7 (UT/UM) investigate 

the impacts of climate change on the operation of small water systems. Projects A5 ï A7 rely 

primarily on a review and interpretation of existing literature and water quality data, with small 

laboratory analytical components to supplement the existing knowledge. These projects will be 

undertaken in year 4 of WINSSS. 

 

Project A1: Implementing ferrate treatmen t of drinking water in the U.S.  

Project PIs: John E. Tobiason, David A. Reckhow (University of Massachusetts) 

 

Introduction   

Ferrate (Fe(VI)) has been proposed as a viable oxidant in drinking water treatment and has been 

demonstrated to decrease disinfection byproduct formation potential (DBPFP) in finished water. 

Previous bench-scale research suggested that intermediate ferrate (i.e., ferrate dosed after 

clarification) may have a greater impact on destruction of disinfection byproduct precursors than 

ferrate pre-oxidation. A continuous flow apparatus was designed to replicate full-scale drinking 

water treatment systems and to assess the effects of intermediate ferrate on operational 

parameters including filter head loss and filter effluent DBPFP. Work conducted during year 3 of 

WINSSS is summarized below. 
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Objectives 

¶ Conduct continuous flow experiments to examine the impacts of intermediate ferrate 

on filter head loss, filter effluent turbidity and filter effluent DBPFP. 

¶ Conduct analogous ferrate pre-oxidation and no oxidation experiments for 

comparative results. 

¶ Characterize particles (i.e., number, size, zeta potential) that result from ferrate 

reduction. 

Progress 

To date, two raw water sources have been evaluated under all three treatment conditions (no pre-

oxidation, ferrate pre-oxidation, intermediate ferrate oxidation). For the first source water 

(Atkins Reservoir, Amherst MA), decreases in total organic carbon (TOC) were comparable for 

both intermediate ferrate and ferrate pre-oxidation trials (70-75% decrease compared to raw 

water TOC). Formation potentials of THMs and HAAs in filter effluent of both ferrate trials 

were also similar. However, the concentrations of brominated DBPs were slightly higher under 

the intermediate ferrate treatment condition (Figure 2). Intermediate ferrate did not have a 

substantial impact on filter head loss compared to the other trials. Importantly, particles formed 

by intermediate ferrate were not ñcolloidalò particles (between 0.02 Õm and 0.2 Õm) typical of 

ferrate reduction/decay, but were large (>0.7 µm). This is likely a result of interaction of ferrate 

resultant particles with ferric hydroxide particles from coagulant addition that remain after 

clarification (Figure 3). 

 

Figure 2. HAAFP (left) and THMFP (right) in filter effluent of all three treatment conditions. Raw water source: 
Atkins Reservoir, Amherst MA. 



26 

 

Figure 3. Iron fractionation for Ferrate Pre-oxidation and Intermediate Ferrate trials. Raw water source: Atkins 
Reservoir, Amherst MA 

In the second source water (Babson Reservoir, Gloucester MA), filter effluent TOC values were 

similar among all three treatment conditions (~65% decrease compared to raw water TOC). As in 

the previous source water, while both ferrate treatment trains showed decreases in filter effluent 

DBPFP compared to raw water and filter effluent from the ñno oxidation trialò, there was little 

notable difference between intermediate ferrate and ferrate pre-oxidation DBPFP values (Figure 

4). Iron fractionation also confirmed the formation of large particles in the intermediate ferrate 

contactor, and of colloidal particles in the ferrate pre-oxidation contactor (Figure 5). A profile of 

head loss across the dual media filter (Figure 6) revealed cake filtration resulting from particle 

accumulation in all treatment trials, likely caused by a high concentration of ferric hydroxide 

particles remaining after clarification. 

 

Figure 4. HAAFP (left) and THMFP (right) in filter effluent of all three treatment conditions. Raw water source: 
Babson Reservoir, Gloucester MA. 
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Figure 5. Iron fractionation for Ferrate Pre-oxidation and Intermediate Ferrate trials. Raw water source: Babson 
Reservoir, Gloucester MA. 

 

Figure 6. Head loss across dual media filter during Ferrate Pre-oxidation and Intermediate Ferrate trials. Raw water 
source: Babson Reservoir, Gloucester MA. 

Public Health 

Although intermediate ferrate did not show major advantages over ferrate pre-oxidation in the 

continuous flow experiments, ferrate is quite effective at decreasing disinfection by-products in 

finished water and is thus potentially valuable to public health protection. In addition, ferrate is 

known to be an effective disinfectant. However, formal disinfection credit is not yet able to be 

documented.  

Summary 

A summary of issues on the applicability of ferrate treatment in small water systems is shown in 

Table 2. Similar tables are shown for all treatment technologies throughout this report.  
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Table 2. Treatment Technology Summary: Ferrate 

Problem or 

Contaminant(s) 

Addressed 

Multiple: pre-oxidant for reduced species, inorganic or organic, 

destruction of DBP precursors; potential disinfectant; potential 

decrease in coagulant dose needed 

Size of Plant 

Applicability  
No flow or size based limits, high or low 

Comparison to 

competing 

technologies 

Most similar in form as an oxidant to permanganate, competing also 

with ozone and ClO2 as strong oxidants that are also disinfectants.  

Operator level 

Required (1 to 5) 

Similar skill level as any chemical addition, most similar to oxidant 

addition 

Problems with 

intermittent 

operation 

If dry K2FeO4 salt purchased and ferrate fed as solution, then the 

stability of the oxidant in solution over time may be an issue if not 

used for long period of time. Otherwise, similar to any intermittent 

chemical addition issue 

Residuals 

Management 

Similar to permanganate, ferrate is reduced to an insoluble oxide form, 

thus creating a residual that must be managed along with other solid 

phase residuals.  

Energy Use Similar to dosing of other chemicals 

Cost Comparison 
Difficult to estimate as commercial level ferrate supply not currently 

available for drinking water. Data suggest it can be cost-competitive 

Health Benefits 

Potential to provide oxidation and disinfection without forming 

halogenated DBPs that are regulated and hopefully others that are not 

regulated but of health concern. Ferrate is not volatile so there are no 

occupational off-gas issues as is the case with some other oxidants. 

Monitoring 

Required 

If disinfection capability is to be realized, the ability to 

measure/monitor a ferrate residual will be important. If only for 

oxidation, can monitor fate of iron with typical iron measurements. 

May want to use ORP type measurement for assessing residual 

oxidant if an issue (but this is unlikely). 

Regulatory Issues 

Will require certification as suitable for use in drinking water 

treatment. If disinfection capability is to be realized, disinfection 

effectiveness for various pathogens must be demonstrated in the form 

of ñCTò tables and residual monitoring must be possible to reliably 

undertake.  

 

Papers and Presentations 

Progress on this research has been presented at the American Chemical Society 253rd Annual 

meeting in San Francisco in April 2017, the PA AWWA Section meeting in April 2017, the 

AWWA Annual Conference in Philadelphia in June 2017, as well as within the 

WINSSS/DeRISK/RESôEAU Small Systems Monthly Webinar Series (February 2017). An 

additional oral presentation is scheduled for the AWWA Water Quality Technology Conference 

in Portland, Oregon in November 2017.  
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Project A2: Simultaneous Removal of Inorganic Contaminants, DBP 
Precursors, and Particles in Alum and Ferric Coagulation  

Project PIs: Desmond F. Lawler, Lynn E. Katz (University of Texas) 

Introduction  

Background. Coagulation is a conventional water treatment process to remove particles and, in 

many cases, natural organic matter (NOM). It has a long history of use at small plants for the 

removal of particles and, more recently, to accomplish some NOM removal. This research 

focuses on the removal of inorganic and organic (NOM) contaminants using metal coagulants, 

alum and ferric chloride. The constituents of interest are shown in Figure 7, which indicates that 

many ligands can interact with the metal coagulants. The potential contaminants that are being 

studied in this research are shown on the left portion of the figure; NOM is present to some 

degree in virtually all surface water supplies while the inorganic constituents (fluoride, arsenic, 

chromium and mercury) are only rarely present in significant concentrations (i.e., concentrations 

that can cause health effects). Hence, in this research, we have investigated the behavior of each 

of these inorganic contaminants during metal ion coagulation in both the presence and absence of 

NOM. In addition, other inorganics (sulfate, chloride, and silica) are often in the natural water 

and, for sulfate and chloride, can be added as part of the coagulant. These constituents can also 

influence the precipitation behavior of the coagulant and, therefore, were studied in this research. 

 

Figure 7. Research Design 

 

Previous reports have focused primarily on the results for fluoride during alum coagulation; in 

this report, removal results for the other inorganic contaminants with and without NOM are 

emphasized although fluoride results are also included; these results suggest that the precipitation 

of the metal hydroxides (Al(OH)3 and Fe(OH)3) is influenced differently by the different ligands. 
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The report explores those differences, with an emphasis on the effects of the constituents on the 

resulting particle size distributions of the precipitates. 

Progress 

Fluoride. Results of the testing of fluoride with both alum and iron are presented in Table 3. Both 

coagulants were added at a dose of 0.3 mM (as Al and Fe) and all experiments were performed at 

pH 6.5 in synthetic water with an alkalinity of 3.0 meq/L. Alum was quite effective at removing 

each of the two contaminants in the absence of the other, but these removal efficiencies 

decreased when both were present in the solution. The NOM removal decreased by 

approximately 40% whereas the fluoride removal decreased by only 9%. Fluoride removal was 

poor in all cases with iron; note that experiments with iron were done with slow mixing times of 

30 and 90 minutes (indicated by the parenthetical 30 or 90). NOM removal was quite good with 

iron, as expected, but was decreased by approximately 20% in the presence of fluoride. 

 
Table 3. Removal efficiency and changes in particle size distribution with fluoride and NOM 

Initial Concentration ­  
NOM 

5 mg/L 

Fluoride 

5 mg/L 
Particle size distribution characteristics 

Conditions ® 
Removal 

efficiency (%) 

log d
p
 (ɛm) 

at peak 

d
p
 (ɛm) 

at peak 

Total particle volume 

(ppmv) 

Alum - - 0.92 8.3 6.06 

Alum+F- - 50.1 0.88 7.6 5.31 

Alum+NOM 35.2 - 1.02 10.5 10.81 

Alum+NOM+F- 21.4 45.8 0.92 8.3 9.06 

FeCl3  - 1.37 23.4 0.92 

FeCl3+F- (30)  <1 1.21 16.2 0.59 

FeCl3+F- (90)  2.3 1.40 25.1 1.23 

FeCl3+NOM (30) 33.75  1.30 19.9 20.33 

FeCl3+NOM+F- (30) 27.3 3.1 1.11 12.9 3.72 

FeCl3+NOM+F- (90) 23.3 3.1 1.27 18.6 10.99 

 

To help in understanding the removal results, the particle size distributions were measured by a 

Coulter Counter (Multisizer III, Beckman Coulter) on samples from all the conditions shown in 

Table 3. The Coulter Counter utilizes the electrical sensing zone method, in which a constant 

current is passed through a micro-channel in a glass tube filled with electrolyte. As particles of 

suspension in the same electrolyte pass through the aperture, a voltage pulse caused by the 

difference in resistance is measured and converted to the size of particles (Chowdhury et al. 

(2000)). 
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Figure 8 shows the volume distribution results in alum coagulation with various ligands present. 

On this plot, the area between two (log) diameters is the total particle volume concentration 

between those sizes. This information is useful because coagulation is considered the 

aggregation of small particles to large particles. In these tests, the only particles present are those 

that are precipitated. Some of the key characteristics of these distributions are summarized in 

Table 3. 
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Figure 8. Alum coagulation with target contaminants, fluoride and NOM 

 

The results in Figure 8 and Table 3 show that the presence of fluoride decreased the total volume 

and the dominant floc diameter of the precipitate (i.e., the diameter at the peak) as compared to 

non-ligand condition (i.e., Alum alone), while NOM increased both the volume and the peak 

diameter. The result for fluoride is consistent with the previous work (Herrboldt, 2016 and 

Alfredo, 2012) and suggests that the presence of fluoride inhibits the further flocculation or 

precipitation by replacing OH- ions in octahedral structure of aluminum hydroxides. With NOM 

present, larger and greater numbers of flocs were formed due to the higher reactivity of NOM 

that accelerates the initial nucleation and the secondary aggregation. When both contaminants 

were present, an intermediate trend between the two single ligand conditions for both the 

dominant size and the total volume of the flocs was found. The size distribution results help 

explain the decreased removal efficiencies of NOM and fluoride in the dual ligand system (Table 

3).  

Different matrix compositions (i.e., sulfate-based vs. chloride-based) were also tested in alum 

coagulation with fluoride and NOM. Figure 9 shows that the sulfate-based matrix forms smaller 

diameter particles but a larger volume of the precipitate, suggesting that it is more reactive than 

the chloride-based matrix. The trends noted above for alum in the sulfate matrix were also found 

in the chloride matrix; that is, fluoride decreased the peak diameter of the precipitates while 

NOM increased the total volume of formed solids in single ligand systems. The result 

demonstrates that the composition of the matrix also affects the morphology of the precipitate, 

but regardless of matrix composition, the effect of fluoride was consistent. In addition to this, the 
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results for addition of NOM and fluoride exhibited the same intermediate trend (between the two 

single ligand conditions) for both the sulfate and chloride matrix. 
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B. Alum+F
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C. Alum+NOM
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Figure 9. Volume distribution used in different matrix compositions in alum coagulation with fluoride and NOM 

 

In iron coagulation, the peak floc diameter was markedly larger than the peak alum floc diameter 

and total particle volume of the iron flocs (with the exception of those containing NOM) was 

significantly smaller. Other researchers have noted that floc density and diameter are inversely 

related, which is consistent with the results observed here. To achieve a higher floc volume and 

examine the effects of mixing time on floc behavior and fluoride removal during iron 

coagulation, the slow mixing step was employed with the standard 30 minutes and for an 

extended time of 90 minutes; results for both are shown in Table 3.  

In the coagulation with ferric chloride, the effect of the mixing time was obvious in the particle 

size distribution measurements. The results presented in Figure 10 for 30 and 90 minutes of iron 

coagulation with fluoride suggest that there is a significant amount of particle aggregation and 

growth between 30 and 90 minutes. Similar results were observed with experiments in which 

NOM was present (Figure 11). Comparing the results after 90 minutes of mixing with 30 minutes 

of mixing in the presence and absence of fluoride with FeCl3, the curves were similar in shape 

but the one with fluoride shifted toward the left (i.e., smaller sizes). This 90-minute result is 

consistent with the results noted for alum above in which the presence of fluoride leads to 

smaller particle size. Considering that the fluoride removal is less than 1% (Table 3) in this 

condition, it was thought that fluoride being present in the solution delays the formation and/or 
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aggregation of the precipitates. Increasing the mixing time to 90 minutes allowed for further 

precipitate growth, as indicated by the decreased volume of smaller diameter flocs and the 

increased total volume in the range of peak diameter. Also, the peak diameter after 90 minutes 

mixing in the presence of fluoride became similar to that after 30 minutes of mixing of the 

solution without fluoride. That is, the presence of fluoride slowed the kinetics but did not appear 

to change the precipitate. However, the total volume in the sample with both ligands was still 

less than with the typical 30 min mixing without fluoride. Again, the hindrance of fluoride was 

apparently more important than the higher reactivity of NOM. A possible explanation of the 

phenomenon is that free fluoride (i.e., F-) continuously repeats the following cycle of reactions. 

As the particles nucleate, fluoride electrostatically adsorbs to the surface of the floc and hinders 

subsequent growth. Subsequently, the F- is released as free fluoride and the cycle begins again. 

In support of this explanation, in the presence of both NOM and fluoride, the 90-minute results 

show slightly decreased NOM removal and comparable fluoride removal even though both peak 

particle diameter and volume increase (closer to the non-fluoride system).  

To corroborate the above assumption, a kinetic experiment is required as part of our future work. 

When considering the similarities and differences of the particle size results for both alum and 

iron, fluoride is apparently directly incorporated into the precipitate structure in alum coagulation 

while it only delays the aggregation or growth of precipitates in iron coagulation.  
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Figure 10. The effect of extended mixing time in iron coagulation with fluoride 

 



35 

0

1e+7

2e+7

3e+7

4e+7

5e+7

6e+7

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8

FeCl
3
+NOM (30)

FeCl
3
+NOM+F (30)

FeCl
3
+NOM+F (90)

V
o
lu

m
e
 d

is
tr

ib
u
ti
o
n

d
V

/d
(l

o
g
 d

p
) 

(m
m

3
/c

m
3
)

Log of particle diameter 

log d
p
 (d

p
 in mm)

 

Figure 11. The effect of extended mixing time in iron coagulation with fluoride and NOM 

Arsenic. 
Arsenic can be present in natural waters in either the +III or the +V oxidation state. Both forms 

of arsenic were investigated in alum coagulation but only As(III) was studied with iron; As(V) is 

generally easier to remove than As(III) and it has been established by other researchers that 

As(V) is well removed by iron coagulation. The removal results and the key characteristics of the 

measured particle size distributions are summarized in Table 4. The alum experiments with 

As(V) were performed at only half the dose (0.15 mM as Al) used in most experiments in this 

report since the removal efficiency was so high. With iron as the coagulant, the results make 

clear that arsenic and NOM are competing for sights on the surface of the precipitate; that is, 

removals of both NOM and arsenic are decreased with the other ligand present. However, with 

alum, the presence of NOM increased the removal of As(III) from 5 to 15%, but the presence of 

As barely affected the NOM removal. This result suggests that As(III)-NOM binding is 

occurring and that As(III) removal is correlated to NOM removal during alum coagulation. That 

the results for iron and alum are significantly different with respect to the impact of NOM on 

As(III) removal is somewhat surprising; however, it should be noted that the As(III) removal 

during iron coagulation (Fe(OH)3(s) precipitation) is significantly higher than for alum 

coagulation (Al(OH)3(s) precipitation) and the trends for particle diameter are reversed for iron 

and alum. The presence of As(III) increases particle diameter for alum whereas the presence of 

As(III) decreases particle diameter for iron.  

Figure 12 shows the volume distributions when arsenic (III) is present during alum coagulation. 

As shown above, the presence of NOM increased the floc volume and the peak diameter. 

However, the presence of arsenic (III) negligibly changed the floc volume and the peak diameter, 

both in the presence and absence of NOM. This result indicates that arsenic (III) has less impact 

than fluoride on the formation of the precipitate. Future experiments with As(V) and iron will be 

performed using the coulter counter to assess the impact of As(V) adsorption on floc volume and 

particle size. 
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Table 4. Arsenic Removal in Metal Ion Coagulation and Effect on Particle Size Distributions 

Initial Concentration ­  
NOM 

5mg/L 

Arsenic 

50 mg/L 
Particle size distribution characteristics 

Conditions ® 
Removal 

efficiency (%) 

log d
p
 (ɛm) 

at peak 

d
p
 (ɛm) 

at peak 

Total particle volume 

(ppmv) 

Alum - - 0.92 8.3 6.06 

Alum+As(III)  - <5 0.97 9.3 6.00 

Alum+As(V) - 
96 est (low 

alum conc) 
   

Alum+NOM 

35. (20 

@ low 

alum 

- 1.02 10.5 10.81 

Alum+NOM+As(III)  34 15 1.06 11.5 11.94 

Alum+NOM+As(V) 

(19@ 

low 

Al)  

67 est (low 

Al)  
   

FeCl3  - 1.37 23.4 0.92 

FeCl3+As(III)  - 47.67 0.57 3.7 0.46 

FeCl3+NOM 33.75  1.30 19.9 20.33 

FeCl3+NOM+As(III) 20.33 37.94 1.19 15.5 1.67 
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Figure 12. Alum coagulation with target contaminants arsenic (III) and NOM 



37 

 

Chromium. Jar tests were performed using different oxidation states of chromium (Cr(III) and 

Cr(VI)). For each oxidation state, both alum and FeCl3 were separately tested with and without 

NOM present. A pH sweep experiment was carried out for all possible combinations of 

coagulant, ligand oxidation state, and NOM presence. For each experiment, the pH was varied 

from 4 to 9 in increments of 0.5 pH units. All samples were analyzed with ICP-MS to determine 

ligand removal and residual coagulant. 

When using alum as the coagulant, Cr(III) was almost completely removed at pH 5.5 and above 

(up to the highest pH tested, pH 9.0), as shown in Figure 13. In these experiments, Cr(OH)3(s) 

solubility was exceeded above pH 6. Thus, both adsorption and precipitation may be involved in 

Cr(III) removal over this pH range. At the lower end of the pH range studied, the NOM-

containing samples showed superior Cr removal to those without NOM (Figure 13). This result 

is most likely due to the increased alum precipitation in the presence of NOM as illustrated by 

the residual Al (Figure 14). NOM presence also increased Cr(VI) removal efficiency at pH 4.5 

and above; Cr(VI) removal was only approximately 5% or less throughout the pH range in 

solutions with no NOM, but 20-25% Cr(VI)  removal was obtained in the NOM containing 

samples (Figure 13). 
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Figure 13. Chromium Removal during alum coagulation over a wide pH range. 
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Figure 14. Aluminum residuals during alum coagulation of chromium as a function of pH 

 

In the FeCl3 experiments, a nearly identical trend was realized for Cr(III) as when using alum, 

i.e., at pH 5 and above, nearly all the Cr(III) was removed, as shown in Figure 15. At the lowest 

few pH values tested, the NOM-containing samples showed better removal than those without 

NOM. Again, this result is likely due to the increased Fe precipitation when NOM is present. 

When considering Cr(VI), NOM inhibited ligand removal in the FeCl3 system, especially below 

pH 7.0. FeCl3 was far more effective than alum at Cr(VI) removal, as ~90% was removed at a 

pH of 5.5. However, the removal efficiency was quite sensitive to pH changes as expected for an 

adsorption process. 
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Figure 15. Chromium removal during iron coagulation over a wide pH range. 

 

Above pH 5, all the experiments with iron showed very low residual concentrations of iron due 

to the precipitation of Fe(OH)3, but some notable differences among the experiments occurred at 

lower pH values, as shown in Figure 16. At pH 4.0 and 4.5, the presence of NOM decreased the 
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residual iron concentration dramatically in comparison to the experiments with no NOM present; 

the oxidation state of chromium had no effect on the iron residuals. At the low pH values, NOM 

was a far more important ligand than chromium in determining the iron residuals.  
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Figure 16. Iron residuals during iron coagulation of chromium as a function of pH 

 

The NOM removal was measured in terms of absorbance at 254 nm in this set of experiments 

and was found to be a strong function of pH in both the alum experiments (Figure 17) and the 

iron experiments (Figure 18). The results were nearly identical in the presence of the two 

chromium species, which is another indication that the NOM was a much more important ligand 

than chromium in determining the behavior. In the iron experiments (Figure 18), the best 

removal of NOM occurred at the lowest pH tested (pH 4.0) and the removal gradually decreased 

throughout the pH range tested. With alum (shown in (Figure 17), poor removal of NOM 

occurred at both extremes of the pH range tested because aluminum hydroxide does not 

precipitate at those pH values, but good removal occurred throughout the central pH range tested. 

These types of results for ñenhanced coagulationò are well-established in the water treatment 

field. What is of importance here is that chromium had little or no effect on the organics 

removal. 
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Figure 17. NOM Removal During Alum Coagulation 
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Figure 18. NOM Removal during Iron Coagulation 

Public Health 

All of the inorganic constituents being studied in this research are regulated because of their 

significant health effects. Also, natural organic matter is regulated in drinking water treatment 

because of its role in forming disinfection by-produces. Hence, the entire basis of this research 

effort is to enhance the public health by reducing the concentrations of each of these constituents. 

 

Summary and Future Work  

This research has been designed to investigate the potential for removing several inorganic 

contaminants of interest with the use of metal ion coagulation, particularly alum and ferric 

chloride coagulants, and the effect of natural organic matter on the potential for that removal. 

Although few natural waters have any of these inorganic constituents at concentrations that 

exceed the EPAôs Maximum Contaminant Level (MCL), their presence can present a substantial 
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challenge to water treatment plants, especially small plants. The underlying assumption of this 

research is that small plants that are already using a metal coagulant would benefit from a finding 

that these contaminants could be removed to an acceptable degree by coagulation. If operational 

changes such as changing the pH or increasing the metal coagulant dose could result in meeting 

the MCL for another constituent of interest, this solution would probably be cheaper than 

installing an additional treatment process specifically for that contaminant. Table 5 summarize 

the findings of this research by noting the mechanism of removal for the ligands of interest and 

the effects of NOM on that removal. The effect of NOM is considered competitive if the removal 

of the inorganic ligand is less in the presence of NOM than in its absence. Alternatively, the 

effect of NOM is synergistic if the ligand removal increases in the presence of NOM. 

 
Table 5. Summary of Ligand Removal in Metal Coagulation 

Ligand Dominant removal mechanism 
Effect of NOM on Ligand 

Removal 

As(III)  Adsorption Synergistic 

As(V) Adsorption Competitive 

Cr(III)  Precipitation No Effect 

Cr(VI) Adsorption 
Synergistic with alum 

Competitive with iron 

F- Co-precipitation Competitive 

Hg2+ Adsorption Synergistic 

NOM 
Adsorption (or precipitation at low 

pH) 
 NA 

 
 

In Table 6, the features of inorganic and organic constituent removal in aluminum and iron 

coagulation are summarized. Our research outcome indicates that several factors (e.g., type of 

contaminants, single and multi-ligands condition, matrix composition, and mixing time) affect 

the formation of amorphous precipitate during coagulation. To demonstrate our findings further, 

dry-precipitate analysis is needed such as scanning electron microscopy (SEM), x-ray 

diffractometry (XRD), and fourier-transform infrared spectroscopy (FTIR). Particularly in iron 

coagulation, a kinetic condition should be considered to examine the delayed aggregation caused 

by the presence of fluoride. Additionally, as the importance of treating chromium in drinking 

water is highlighted, chromium (III and VI) will be investigated in future work. Preliminary 

experiments have been performed at the time of writing. Finally, understanding these 

interrelationships through precipitate analysis will be used to assess the feasibility of using alum 

and iron coagulation to remove inorganic constituents in small water treatment systems, 

considering both practical operating and economical perspectives (Table 6). 
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Table 6. Treatment Technology Summary: Inorganic ions (F, As, Cr)- removal by coagulation with aluminum and 
iron 

Problem or 

Contaminant(s) 

Addressed 

Presence of unacceptable concentrations of fluoride, arsenic, and/or 

chromium, along with NOM, in source water. 

Size of Plant 

Applicability  
Applicable at any size plant that is already using metal ion coagulation 

Comparison to 

Competing 

Technologies 

Competing technologies include activated alumina adsorption column 

for F, iron-coated sand adsorption or reverse osmosis (RO) for arsenic, 

and RO for chromium. 

Operator Level 

Required (1 to 5) 
Unknown 

Problems with 

Intermittent 

Operation 

Not expected to be a problem; if anything, the removal might be 

enhanced by the extra time allowed when the plant is sitting idle. 

Coagulation plants that operate intermittently now report no particular 

problems and this situation will be unchanged by the additional 

chemicals needed to remove these inorganic ions 

Residuals 

Management 

Residuals are the potential Achilles Heel of this technology as the 

additional coagulant added to remove inorganic ions will directly 

impact the amount of residual solids formed. 

Energy Use No change from existing plant 

Cost Comparison 
Both chemical costs and residuals disposal costs will rise 

proportionately to the increase initial coagulant dose 

Health Benefits 
Direct health benefits accrue from reduced concentrations of each of 

these ions, especially F and As 

Monitoring 

Required 

Additional monitoring required to ensure proper pH control and 

proper dosing to get desired removal 

Regulatory Issues None expected 
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on amorphous iron and aluminum hydr(oxide) precipitate characteristics, 253th ACS 

National Meeting, San Francisco, CA, April 2, 2017. 

Yeo, S., Stewart, D. III, Yoon, S., Lawler, D.F., and Katz, L.E., Ligand effects on amorphous 

iron hydr(oxide) precipitate characteristics in coagulation, 2017 RES'EAU, Victoria, 
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Project A3 : Contaminant reduction, life cycle impacts, and life cycle costs of 
ion exchange treatment and regeneration  

Project PIs: Treavor H. Boyer (formerly University of Florida, currently Arizona State 

University), Qiong (Jane) Zhang (University of South Florida) 

Introduction  

The goal of WINSSS Project A3 is to create a framework that enables a more sustainable 

approach to ion exchange (IX) treatment and regeneration through the synthesis of IX pilot plant 

study, IX process models, life cycle assessment (LCA), life cycle costing (LCC), and an 

integrated decision-support tool. WINSSS Project A3 builds upon the 2011 EPA STAR grant 

R835334 entitled, ñSmall, Safe, Sustainable (S3) Public Water Systems through Innovative Ion 

Exchangeò also by PIs Boyer and Zhang. Outputs from the EPA STAR project, such as IX 

process models, and LCA and LCC data collection, serve as direct inputs to Project A3, which 

allows Project A3 to focus on linking data, models, and tools. The framework for Project A3, in 

general, and the integrated decision-support tool, in particular, allows for evaluation of critical 

choices in the basic design parameters of IX  treatment and regeneration by linking them directly 

to their environmental and economic implications at the level of full-scale implementation. 

Furthermore, optimization methods can be used to allow for optimization of design parameters to 

reduce both environmental impacts and costs of IX designs. 

Objectives 

The research objectives of project A3 were to (1) conduct a long-term IX pilot plant study on the 

performance of bicarbonate-form anion exchange resin (AER) for contaminant removal and 

sodium bicarbonate salt for AER regeneration, and (2) develop a user-friendly tool that enables 

one to dynamically link LCA and LCC with process models of IX systems. 

Progress 

Progress on Project A3 during Year 3 focused on completing the IX pilot plant study (Objective 

1) and creating the integrated decision-support tool (Objective 2).  

The specific objectives of Objective 1 were to evaluate bicarbonate-form AER with sodium 

bicarbonate regeneration compared with chloride-form AER with sodium chloride regeneration 

in terms of (1.1) treated water quality and DOC removal, (1.2) AER properties, (1.3) 

regeneration efficiency, and (1.4) operational characteristics. The IX pilot plant system was 

operated for 11 months at a small, coastal drinking water plant in Florida. The pilot plant used 

fixed-bed IX columns to treat raw groundwater from the Floridan aquifer, which is characterized 

by high DOC, iron, and hardness. To mimic real operating conditions, each pilot test was 

performed over three treatment and regeneration cycles. Data collected during the pilot study 

were used to perform a comparative analysis of sodium bicarbonate to sodium chloride. The 

study criteria included DOC removal, regeneration efficiency, operational differences, and the 

cost of chemicals and brine disposal.  

A detailed description of the IX pilot plant study and all results are available from Ness (2017) 

and Ness and Boyer (2017). The key outcomes from the IX pilot study are summarized in Figure 

19. Chloride-form AER and bicarbonate-form AER have a similar affinity for DOC, and 

chloride-form resin is regenerated more efficiently. Sodium bicarbonate salt costs more than 

sodium chloride salt. However, sodium chloride brine is more expensive to dispose of based on 

the assumptions in this study.  
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The bicarbonate-form AER achieved similar water quality as chloride-form AER. Both forms of 

AER removed 80-86% DOC despite variability in raw water DOC concentration between 5.3-8.7 

mg/L. In every test, chloride-form AER treated 10% more water on average before UV254 

breakthrough compared with bicarbonate-form AER. Throughout the pilot study, chloride-form 

AER was regenerated more efficiently compared with bicarbonate-form AER. Polyacrylic AER 

and polystyrene AER removed the same amount of DOC, but polyacrylic resin was regenerated 

14-23% more efficiently than polystyrene AER. Despite naturally high alkalinity and hardness in 

the raw water, no carbonate precipitation was observed during treatment or regeneration in the 

IX column. For the municipality where the pilot plant study was conducted, the total estimated 

cost for sodium chloride and sodium bicarbonate were comparable. The chemical usage cost of 

sodium bicarbonate salt is approximately three times as expensive as sodium chloride. However, 

the sodium bicarbonate waste stream could be disposed of via the sewer to the local wastewater 

treatment plant; such disposal would not only be the least expensive option but would also 

provide sufficient alkalinity for nitrification to occur. Disposing the sodium chloride waste 

stream via deep-well injection or hauling 60 miles offsite to a larger wastewater treatment plant 

would cost more than sodium bicarbonate brine disposal to local sewer. In summary, this 

research provides new insights on the feasibility of using bicarbonate-form AER for contaminant 

removal and sodium bicarbonate for regeneration considering contaminant removal, operation, 

and cost. 

 

Figure 19. Key results from the ion exchange pilot plant study comparing chloride-form resin and bicarbonate-form 
anion exchange resin. 

The specific objectives of Objective 2 were to (2.1) develop a user-friendly LCA/LCC analysis 

tool for ion exchange systems, and (2.2) analyze results of the environmental impacts and cost of 

the IX systems to observe how changes to design variables influence the environmental impacts 

and cost of the systems. 

Adib Amini and Jie Zhang have developed a model that integrates IX process models with LCA 

and LCC. This combination allows for the assessment of a various design scenarios, where the 

user can specify design characteristics of the IX system, such as the reactor type and hydraulic 








































































































