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Supplementary Discussion

Methods and practices for monitoring of physical and chemical properties of water are well-established, and tools for real-time or near-real-time monitoring of water quality indicators such as turbidity, conductivity, temperature, dissolved oxygen, and other parameters are generally available and adopted by water utilities in most of the developed countries.1 In addition, many types of models and numerical tools for water quality simulation and analysis have also been developed over the last several decades, with most research publications in this area beginning around 1970.2  However, microbiological constituents that represent major health risks for water reuse are more difficult to measure due to time consuming methods, the need for access to resources and testing materials, and uncertainty in model predictions for the level of pathogens or health risk present at a given time due to the non-conservative nature of the microbial pollutants. Currently, the U.S. EPA drinking water regulations are only applicable to traditional sources of water supplies, and there is no specific policy for non-traditional sources of water, such as reclaimed municipal wastewater or stormwater harvested for reuse, at the federal level.  Thus, some states have their own reuse standards and regulations depending on water source and end use, while many others do not. 
Microbial water quality currently relies on monitoring of fecal indicator bacteria, as it is well-established and utilized around the world as a marker of fecal contamination. In more recent years, increased attention has been placed on opportunistic pathogens that are not of fecal origin, such as Legionella and Pseudomonas, since they are commonly found in rainwater, water storage and distribution systems and represent a significant contribution to worldwide disease burden.3 Additionally, since the COVID-19 pandemic begin, greater focus has been placed on viral pathogens in water sources and wastewater. They are particularly relevant for municipal wastewater reuse and stormwater harvesting, in which viruses are present in a much higher concentration than in traditional water sources. The treatment technologies applied for water reclamation are much more variable and region-specific than in the highly standardized and centralized water management regime, and thus, the efficiencies of pathogen removal are highly uncertain. The decisions for implementing wastewater reuse and rainwater harvesting should focus on quantitative microbial risk management and water quality monitoring based on one or several pathogens to represent variability and uncertainty, to address various assumptions in these scenarios.4 Therefore, microbial risks should be a focus in the discussion of adopting rainwater, stormwater, and wastewater as a new water supply. Moreover, there is an increased concern over antibiotic resistant bacteria (ARB) and antibiotic resistant genes (ARG) in wastewater. Antibiotic resistant infections have been listed as one of the biggest threats to global health, food security, and development today by the World Health Organization (WHO). Wastewater is known as a source of ARB and ARGs, therefore, spreading of antibiotic resistant infection is particularly relevant to wastewater reuse. The quantitative health risks associated with these ARB and ARG are less understood and are likely to be a major focus area for water quality monitoring and risk assessment in the coming years.  
Besides pathogens, increased attentions have been focusing on trace organic chemical contaminants in water, often known as contaminants of emerging concern (CECs). Adverse effects of the CECs range from cancers and birth defects in humans to survival and behavior of aquatic animals when wastewater is discharged into the environment. Pharmaceuticals, including antibiotics, legal and illicit drugs, analgesics, steroids, stimulants, and beta blockers, 5 are one major class of CECs. They have been detected in wastewater from concentrations of 1 to 303,500 ng/L.6  They contribute to the development of antibiotic resistance in bacterial populations.7 Personal care products, like pharmaceuticals, are another group of CEC and include a broad range of compounds such as lotions, shampoos, sunscreens, toothpaste, and fragrances. Personal care products have also been detected in the ng/L to g/L range in both surface waters and wastewater streams.8 One subset of pharmaceuticals and personal care products known as endocrine disrupting compounds (EDCs) is a class of its own due to their endocrine-disrupting effects for both wildlife and humans, such as declining male fertility, birth defects, and breast and testicular cancers. Therefore, it is critical to address these health risks before the implementation of a wastewater or stormwater reused project.
Per- and polyfluoroalkyl substances (PFAS) have risen to a priority research area regarding their fate, abundance, and removal from water supplies. PFAS are environmentally persistent and have many origins including food packaging, fabrics, nonstick cooking pans and firefighting foams.9 Many studies and reviews have been conducted noting their sources and occurrence in water and wastewater,10-12 their removal and techniques for remediation (primarily through adsorption),13-14 and human exposure and health effects.15-17 Their occurrence and high concentration in wastewater and low removal efficiency in water treatment plants makes PFAS a new challenge for non-traditional potable and non-potable water reuse.18 Recently, the US Environmental Protection Agency (EPA) officially announced the first federal drinking water standards for six PFAS at 4 parts per trillion (ppt).19 This enaction is a major step towards improved methods of remediation and monitoring of PFAS in water sources around the world.
Finally, microplastics (<5 mm in size), which have been found in tap water at a concentration up to 9.24 particles/L,20 are a growing topic area in water supplies and environmental waters. To combat microplastics, the Microbead-Free Waters Act banned microbeads in cosmetic products in the US (H.R.1321). 21 Although microplastics contamination is not unique to non-traditional water sources, their concentrations are higher in wastewater and urban stormwater 22-23, 24 than surface and groundwater. It adds additional challenges for their removal, even with the new methods developed for traditional drinking water treatment. 27 Microplastics can also act as carriers of antibiotics, thus contributing to ARB in these water sources.25 Special attention is needed regarding the impacts of microplastics on health, as risk assessment of microplastics is still a new area.26 
Supplementary Notes

When designing, implementing, and operating technological processes for water treatment and delivery, size (capacity) and cost are the priority metrics, especially at large urban scales. The economic tradeoffs between conservation and investing in additional water supplies or technology need to be explored for a best management practice. In addition, energy requirements need to be considered, as scaling current efforts may not be energy-efficient or cost-effective. Many water technologies demonstrate economies and diseconomies of scale due to the cost, size, energy, and delivery requirements at different operating scales. Modeling efforts for these quantity metrics of non-traditional water sources are helpful to illustrate these tradeoffs and pinpoint areas of potential cost savings, energy requirements and capacity utilizations for optimal use.
In addition to economic cost, the energy and associated carbon footprint and emissions must be considered when expanding or updating water treatment and resource technology. The carbon footprint and energy requirements can vary greatly depending on location, the source of energy, and the water treatment technology, ultimately impacting the overall cost and carbon emissions. Traditional water treatment has a carbon footprint of 0.11-0.16 kg CO2eq m−3. The carbon footprint is defined as the sum of individual greenhouse gas emissions, in which carbon dioxide (CO2) and other greenhouse gases are expressed in carbon dioxide equivalents (CO2eq).28 However, treatment for non-potable reuse of wastewater has 0.3-2 kg CO2eq m−3. This is further increased by direct potable reuse and reverse osmosis with 0.6-2.4 and 0.4-6.7 kg CO2eq m−3, respectively.29 The energy requirements, cost, and carbon footprint are intertwined metrics with the quantity of water that a technology is designed to output. 
 	The quantity of the respective non-traditional water supplies is highly region-specific. Rainwater and stormwater harvesting provides the most quantity in regions with ample rainfall, such as in tropical areas. However, in some areas where rainfall is less plentiful, other non-traditional water sources should be explored as alternatives to supplement existing water supply. For example, New Mexico and Texas have more brackish groundwater reservoirs, which makes brackish water desalination an option for non-traditional water supply.30 Seawater desalination, in turn, is an apparent solution in coastal regions, such as California, Florida, Spain, and Israel.31 South Asia and the Arabian Peninsula may more effectively utilize captured condensate or atmospheric water harvesting due to humidity and air conditioner use.32 Furthermore, regional needs are very different and affluence level is not the same. This paper focuses on urban and developed regions where centralized water systems have been in place. There are many unique challenges in developing rural regions that are not possible to be all inclusive within the scope of a single paper. Nevertheless, identification of a best non-traditional water source for inclusion in a water supply depends on local resource availability and water source quantity, highlighting the importance of diversification and the comprehension that no single water source is the solution for water shortages now or in the future. 
In addition to overall performance, energy, and cost requirements, the rejection and fate of low-rejection ions is of increasing concern and can be estimated and accounted for in SWRO design. Boron, in the form of boric acid, exists in seawater with an average concentration of 4.6 mg L-1, and experiences low rejection by RO membranes.33 This is particularly problematic as boron was identified as the cause of poisoned crops when desalinated waters are used for irrigation,34 which is a common and growing practice in Spain35 and Israel.36 Although in practice, multiple RO passes can complete boron removal as is the case in Ashkelon, Israel,37 mathematical models can be utilized to better understand boron removal on a case-by-case basis. Models have been implemented based on solution-diffusion across membrane layers,38 irreversible thermodynamics,39 and electrostatic and steric-hindrance,40 which all vary in boron removal based on pH, boron concentration, and operating temperature and pressure. Finally, determining boron removal is designed based on regulations and desalinated water concentration limits, which vary around the world from 0.5-5 mg L-1. The ion removal and membrane rejection can be modeled to determine the size of membrane required and/or the number of passes needed to achieve desired product water chemical concentrations and purity. 
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