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Abstract 
Per a 2001 EPA rulemaking, effective February of 2006, 
allowable arsenic concentrations in drinking water will be 
reduced from 50 µg/L to 10 µg/L.[1] Current technologies are 
likely to be prohibitively expensive for rural isolated 
communities.[2] An affordable, reliable, low maintenance 
arsenic treatment system using an innovative sorption media 
was developed. Major consideration was given to ease of 
implementation and scalability. System design for a high 
ionic strength source was also considered.  An economic 
analysis was conducted for comparison to EPA affordability 
criteria. 

Material Concept 

• Designed to combine benefits of AA and Granular Iron 
• Higher capacity than activated alumina 
• Lower cost than granular iron 
• Low maintenance 
• Non-hazardous waste 

Overview of IEAA Characteristics 

• Preparation temperature impacts iron oxide mineral state 
• Amount of loaded iron impacts available surface area[3] 

IEAA Optimization 

Flow-Through Capacity Analysis 

Iron Enhanced Activated Alumina (IEAA) 

Experimental Analyses 

Ionic Competition Analysis 

• High ionic strength conditions found to inhibit sorption kinetics 
• Background ions inhibit but do not compete for sorption sites 
• The presence of silica at typical groundwater pH does not impact 
arsenic sorption capacity or kinetics 

• High nitrate levels (~80mg/L) shown to inhibit arsenic sorption 
• Analyses indicate that normal source conductivities will have 
negligible impact on final design and cost 
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• Scalable to different community sizes 
• Easily implemented in an existing or new facility 
• Adaptable to different water conditions 
• Reliable and redundant 
• Safe for workers and community 
• Non-hazardous 
• Designed with conservative assumptions 

System is: 

Conclusions Economic Analysis 

• Identification of capital costs 
• Selection of appropriate cost correlations using Peters and 
Timmerhaus[5] and Douglas[7] 

• Identification of O&M costs 
• Annualization of capital and O&M costs over a 20-year life-cycle 

Waste Generation Analysis 
• Toxicity Characteristic Leaching Procedure (TCLP) – EPA 1311[4] 
• Hazardous Waste Extraction Limit = 5 mg/L 
• TCLP Extraction for IEAA: 0.065 ± 0.007 mg/L 
• Spent IEAA classified as non-hazardous waste 
• IEAA can be disposed of in a municipal landfill, reducing costs 

Full Scale Design 
A centralized system was chosen for full scale design. 

• Easy integration of arsenic treatment system into preexisting 
water distribution facility 

• Obviates end-user maintenance concerns 
• Permits a greater level of overall safety 
• Centralized system minimizes process monitoring 
• Completion of a pilot study would permit the design of a lead-
lag system to optimize material usage • Per EPA Best Available Technologies, activated alumina and ferric 

iron are two of the most feasible technologies for small-scale 
arsenic remediation 

• Adsorption processes are ideal for small-scale systems because 
they are low maintenance and reliable[2] 

• Pre-defined breakthrough of 10 µg/L not yet reached  
• At least twice the capacity of activated alumina 
• Removes Arsenic III and Arsenic V 

• Parallel configuration of 
three columns 

 

• At a given time: 
o One column is in use 
o One column is being 

refilled with material 
o One column is on standby 

Design Details 

• Redundancy allows the system to continue running even in the 
event of one column’s malfunction 

• Process monitoring schedule to be determined upon completion 
of a pilot study 

• Conservative assumptions about ionic competition and flow 
regime were made to ensure that IEAA sorption kinetics would 
not be exceeded 

Dynamic Design Spreadsheet 
• A dynamic spreadsheet was developed to adapt the design 
based on community size and sourcewater matrix 

• Design heuristics developed by Peters and Timmerhaus[5] and 
Couper[6] were incorporated to size components 

• Community size from 100 to 500 homes 
• Sourcewater arsenic concentrations from 10 µg/L to 500 µg/L 
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Analysis Procedure 

Capital Costs 

Recommendations & Future Work 
• Evaluation of sorption kinetics to facilitate effective design of 
smaller systems 

• Evaluation of the impact of sourcewater pH on kinetics and 
capacity 

• Utilization of Rapid Small-Scale Testing to expedite matrix 
evaluation 

• Consideration of material mechanical stability and life cycle 
analysis 

• Development of a capacity prediction model to refine process 
monitoring 

• Pilot study to identify any implementation issues 
• Comparison of IEAA feasibility to other arsenic drinking water 
solutions 

Total System Cost 

Annual Costs 
• Material costs 
• Electricity costs 
• Material disposal 
• Operator safety training 
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