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Abstract Title: Static and Dynamic Quantitative Microbial Risk Assessment of Potable Reuse Paradigms 

Abstract: In recent years, potable reuse applications have become more common due to population 

growth and increased water demand, especially in communities with limited or variable water resources. 

However, there are concerns about potential exposure to pathogens and chemical compounds in treated 

wastewater. Therefore, advanced wastewater treatment processes are of paramount importance in any 

potable reuse system. The overall aim of this study was to develop and implement static and dynamic 

quantitative microbial risk assessment (QMRA) models to compare public health risks for 

Cryptosporidium, norovirus, adenovirus, and Salmonella in various potable reuse scenarios. Pathogen 

occurrence, natural and engineered treatment process performance, potential failure scenarios, and 

resultant public health risks were modeled using the STELLA 10.1 system dynamics software package and 

a Monte Carlo simulation approach. The research evaluated the performance of full advanced treatment 

(FAT) trains consisting of reverse osmosis (RO) and advanced oxidation processes (AOPs) and also assessed 

the ‘equivalency’ of alternative treatment trains employing ozone-biofiltration. The results indicated that 

annual risk of infection (combined for all pathogens) was lower in direct potable reuse (DPR) systems with 

direct distribution (median risk = 5.4×10-8-1.2×10-6) than in indirect potable reuse (IPR) systems or DPR 

systems with surface water blending. Potable reuse treatment trains with surface water discharge or 

blending achieved similar risks of infection due to the significance of upstream pathogen concentrations, 

and those risks sometimes exceeded the benchmark annual risk of 10-4, although not because of the 

inadequacy of the engineered treatment trains. The model also allowed for identification of critical 

parameters and operational conditions for the environmental buffer in IPR systems (e.g., storage time and 

temperature). The dynamic disease transmission model, which focused on norovirus and included 

secondary transmission and post-infection immunity, indicated that the actual risk of infection was 

sometimes 8 orders of magnitude higher than estimates from the static framework, but those elevated 

risks were primarily associated with foodborne and/or secondary transmission. Collectively, the results 

from this study confirm that planned potable reuse systems are adequately robust to mitigate risks from 

pathogen loads during nominal operating conditions, during failure scenarios, and also during outbreak 

conditions, assuming compliance with existing regulatory frameworks. 

 


