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Introduction:

Currently, 783 million people lack access to clean drinking water. Causes for this include location, as 85% of the
 world’s inhabitants live in the driest half of the planet (Facts, 2013), and non-sustainable water use, which depletes
 groundwater reserves too quickly for regeneration (Wada and Bierkens, 2014). Many treatment facilities in the
 developed world apply chemicals to water supplies, increasing environmental stress and preventing implementation in
 non-industrialized areas (Shannon, 2008). This paper discusses water treatment technology, a hybrid system that
 incorporates the biology of untreated water, containing microorganisms, chemicals, organic matter, and other particles,
 and the technology of treatment, including reverse osmosis membranes, biodesalination, ultraviolet radiation, and
 nanostructures, which have merged to produce clean, fresh water from the water sources in our environment.  This
 merger includes the transformation of the biology of the water source as well as the actual placement of water treatment
 systems in the environment. Water treatment is irreversible because once water is treated a new product is created and
 the water cannot revert to its original composition. In addition, once treatment systems are placed in the environment
 they will not be removed, as the need for water is constant and growing.
 
Water Treatment in the Past:

Historically, water treatment methods solved easily detected problems, including turbidity, odor, and taste
 (Years, 1999). Methods to improve these characteristics extend back to 4000 B.C., with Sanskrit and Greek texts
 recording the use of filtration, straining, boiling, and solar radiation. Chemical treatment began in 1500 B.C. with
 Egyptians. Filtration became more popular throughout the 1700s and 1800s including slow sand filtration in Europe. In
 the early 1900s, treatment systems in the United States first used chlorine to disinfect water in 1908 in Jersey City, New
 Jersey. Chlorine is still widely used, but other technologies have been developed due to identifying microorganisms
 with a resistance to chlorine. Contaminated water can carry waterborne diseases such as cholera and typhoid, exhibiting
 the need for water treatment (Years, 1999).
 
Current Water Treatment Method:

Water treatment methods vary, but the five steps of the most common system are coagulation, sedimentation,
 filtration, disinfection, and storage (Water, 2014). Coagulation utilizes chemicals to create floc. This solid, adhesive
 material attaches to dirt and particles in the water, making it heavy. Sedimentation occurs as the floc sinks, allowing the
 remaining water to continue through the treatment process. Filtration follows, with water permeating filtering layers,
 including sand, gravel, and charcoal. These filters accumulate particles too small to be captured during coagulation.
 Chlorine is often used during disinfection, killing microorganisms and bacteria. To allow for full effectiveness, the
 water supply is stored in a tank or reservoir before distribution (Water, 2014). 
 
Water Treatment Technology:

Reverse osmosis membranes treat brackish water and seawater. Brackish water membranes are more permeable,
 reject less salt, and function at lower pressures while seawater membranes are less permeable, have maximum salt
 rejection, and require higher pressures (Greenlee et al., 2009).  Membranes are made of a polymer material layered to
 form pathways. The membrane develops a concentration gradient due to greater hydrostatic pressure than the solution’s
 osmotic pressure, forcing water through. Salts are initially removed at the inflow surface as well as within the
 membrane layers. Disposal of the salt accumulated during reverse osmosis could pose an environmental problem, as
 this concentrate is usually returned to the same body of water. Currently, the salt sample is diluted enough to not have
 an obvious impact, but another extracted salt disposal method may be required in the future (Greenlee et al., 2009).
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Biodesalination utilizes cyanobacteria, the strains of Synechocystis (PCC 6803) and Synechococcus (PCC
 7002), as these strains offer unicellular organisms, axenic growth, sequenced genomes, and high growth rates
 (Amezaga et al., 2014).  These characteristics are helpful in the bacteria’s function as a filter. The cyanobacteria contain
 a biological reservoir (organelle) with low-salt conditions to serve as an ion exchanger, which could be manipulated by
 genetic or environmental means to increase salt uptake from the environment. Creating a modified cell introduces the
 negative risks of genetically modified organisms. Though human populations are more accepting of GMOs that are not
 food products, assessments on the viability of cyanobacteria in water treatment would need to include a discussion of
 toxin generation and how toxins would be handled (Amezaga et al., 2014).

Ultraviolet (UV) radiation-C includes 100-280nm wavelengths, and is the “germicidal” range used for
 disinfection (Crawford et al., 2005). In water treatment, UV radiation at 265nm is considered to be the single most
 effective wavelength. UV purification systems have utilized fluorescent tube technology, but recent research has
 investigated UV light emitting diode (LED) technology. UV LED systems last longer than fluorescent tube systems,
 improving sustainability. UV LED systems also do not contain Mercury, lessening health risks for system users. There
 are health risks associated with UV LED systems. If turbidity is too great in the source water radiation cannot reach the
 particles, but turbidity can be prevented with an initial filtration step. Solar energy is best suited for powering UV LED
 purification systems through photovoltaic (PV) technology, as PV technology requires little maintenance, remains
 effective for upwards of 25 years, and simply requires sunlight to function (Crawford et al., 2005).

Nanostructures offer a new method of water treatment with a study on 3D iron oxide nanostructures conducted
 by Zhong et al. (2006). 3D iron oxide nanostructures self-assemble to produce a flowerlike structure, ideal for water
 treatment with increased surface area. Nanostructures effectively removed pollutants including heavy metal ions, as
 well as organic waste (Zhong et al., 2006).  Negative implications for the use of nanostructures in water treatment
 include a loss of effectiveness due to attachment of organic matter as well as the potential escape of nanostructures into
 the environment if they cannot be properly separated (Li et al., 2008).

 
Future of Water Treatment:

Water shortage will continue to escalate as population, industrialization, and urbanization increase. It is
 predicted that by the year 2025 over half the world’s population will be suffering from water scarcity (Sharma et al.,
 2010). Seawater offers a solution to the problem, as this resource makes up 97% of the world’s water (Sharma et al.,
 2010). Desalination technologies are likely to be the answer to the future global water crisis. Distillation and membrane
 processes are both used, but membrane processes have become more popular in recent years. Current desalination
 technologies are relatively expensive due to energy costs, but incorporating renewable energy, especially solar energy,
 can solve the cost problem. In order to alleviate water shortages to come, desalination plants coupled with renewable
 energy technology will be developed and implemented (Sharma et al., 2010). Desalination plants do have negative
 aspects as well, for example, organism death due to collision and capture at the uptake site, disturbance during
 construction and operation, changes in water and sediment flow, and formation of artificial reefs (Lattemann and
 Hopner, 2008). Chemical residues also cause pollution due to preventative measures against biofouling. Furthermore,
 concentrated streams of material extracted from the water as well as chemicals used in cleaning processes, or reject
 streams, with varied temperature and salinity levels have negative effects on marine life. Environmental Impact
 Assessments are necessary at proposed sites to limit negative effects as much as possible (Lattemann and Hopner,
 2008).
 
Conclusion:
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Figure 1: Comparing Water Treatment Systems
Comparison between the five water treatment methods presented in this paper. Green symbols indicate
 requirements that the method meets, while red symbols indicate requirements that are not met. Spaces marked
 N/A did not have sufficient data for claims to be supported. The 5 Step Treatment system is the most effective,
 but combining the four other treatment systems would create a new, equally effective water treatment system.

 
Water treatment plants offer an example of an intentional and positive hybrid system. The hybrid system

 presented does have negative aspects, as discussed, but the positive aspect of providing clean water outweighs the
 negatives, especially considering the water crisis to come.  There are many positives and negatives to each water
 treatment method, as shown in Figure 1, and future facilities utilizing the water treatment hybrid system will operate
 best by incorporating a combination of these treatment systems. Future water treatment hybrid systems will use
 saltwater as a source (Sharma et al., 2010) and include coagulation to remove large solids (Water, 2014),
 biodesalination to remove salts (Amezaga et al., 2014), reverse osmosis membranes to remove remaining salts
 (Greenlee et al., 2009), UV LED radiation to kill microorganisms and bacteria (Crawford et al., 2005), and
 nanostructures to absorb smaller particles (Zhong et al., 2006). This predicted system is similar to the current five-step
 system but would not use chemicals and would treat saltwater.
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