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Executive Summary 

 Wisconsin experiences water hardness levels at up to 250 mg/L of calcium carbonate. 

Many residents install water softeners in their homes in order to combat the side effects of hard 

water, like scaling in pipes, and harshness on the skin and hair. Traditional water softeners use 

salt, which can then be discharged into main bodies of water and cause salt pollution. Salt 

pollution of aquatic ecosystems can be devastating and can lead to issues like algal blooms and 

death of aquatic creatures.  

This team has partnered with Wisconsin Salt Wise to evaluate alternative, salt-free, water 

conditioning devices that residents can use instead of the traditional devices. The team has 

conducted preliminary research and economic analysis to determine which devices are accessible 

to the average Wisconsin resident and has tested the AquaRex and Yarna in a lab with methods 

further outlined later on to determine if these devices work similar or better than a traditional 

softener. 

After testing both devices under the team’s methods, the results show that there is little to no 

difference in calcium ion activity when the device is on versus when it is off. 

 

  



Statement of Problem 

 Hard water affects the water quality of about 85% of the U.S., as naturally occurring soft 

water only occurs in 15% of the nation (1). Figure 1 displays the degree of hardness areas across 

the U.S. experience their water as. The figure classifies hard and soft water according to their 

calcium carbonate (𝐶𝑎𝐶𝑂3) concentration. Soft water may contain anywhere from 0 - 60 mg/L of 

𝐶𝑎𝐶𝑂3, shown as dark purple, while hard water contains from 121 - 180 mg/L, shown in white 

(1). The design project is focused in Wisconsin, which the graph displays to contain a 

combination of hard and very hard water.  

 

Figure 1. Average hardness as calcium carbonate at water-monitoring sites (1) 

 Hard water is problematic as it causes issues to building infrastructure, appliances, and 

human health. Hard water causes pipe scaling, where 𝐶𝑎𝐶𝑂3 mineral deposits accumulate on the 

pipe walls. Over time, scaling leads to faucet blockages, which often results in reduced water 

pressure. The clogged pipes and reduced pressure causes water-consuming appliances 

(dishwashers, washing machines, water heaters, etc.) to work inefficiently. This leads to a 

reduced lifespan of such appliances. The health effects caused by hard water are mainly due to 

the consumption of dissolved salts, which can lead to problems such as diarrhea or laxative 

effects, or with long-term consumption, kidney dysfunction (3). Hard water also creates more 

cosmetic problems such as dry skin and brittle hair. 

 Current water softening techniques require an excessive amount of salt (sodium chloride, 

NaCl), and even more so when not being programmed efficiently by residents. The cartridge 

containing the resin must be replaced every 6 months, and disposed of, usually ending up in a 



landfill. As water flows through a water softener, the salt acts as resin, for calcium (Ca2+) and 

magnesium (Mg2+) to attach to (4). The resin attaches to the calcium and magnesium within the 

hard water, and releases salt into the water. The softened water now consists of sodium chloride, 

and when output into bodies of water affects various ecosystems (5).   

 

Figure 2. Conventional water softener process (6) 

 While humans cannot feel the direct impacts of increased chloride, the aquatic 

ecosystems within these bodies of waters are completely altered. Elevated levels of chloride 

harm aquatic life by disrupting osmoregulation, the biological process that allows organisms to 

maintain the proper concentration of solutes in their bodily fluid (7). Interferences with 

osmoregulation leads to growth and reproduction challenges, in turn hindering survival. Some 

organisms that are the most vulnerable to increased chloride concentrations are zooplankton (7). 

Zooplankton play a significant role in the food web of aquatic ecosystems. They feed on algae, 

helping control the succession of eutrophication, the process by which oxygen is depleted from 

bodies of water due to an accumulation of nutrients. They also serve as a valuable food source 

for fish and amphibians, some of which are harmed simultaneously by their lower tolerance of 

chloride concentration. Amphibians such as salamanders and frogs lay their eggs in isolated 

bodies of water, which cannot be flushed of its chloride concentration, leading to lower survival 

rates during their offspring's metamorphosis stage of life (7). The repercussions on zooplankton 



and amphibians due to these elevated chloride concentrations lead to detrimental effects on the 

water quality and food web, negatively affecting the entire aquatic ecosystem.  

 The community that this research project is focused on is the state of Wisconsin, where 

the team’s project partner, Wisconsin Salt Wise, is based.  

 

Figure 3. Relationship between chloride concentrations and urban use at Wisconsin’s long term 

trend sites (9) 

 This region is primarily dependent on groundwater as their source of supply. This brings 

up another concern with increasing chloride concentrations, especially for future generations 

(10). Groundwater is replenished slowly with water from nearby watersheds, which are 

increasing in chloride concentration. This suggests that there will be lag time between which 

chloride is discharged into a surface waterbody and when that same chloride enters groundwater 

through infiltration, meaning it will be too late for action to be taken. The potential for 

contamination of aquifers, especially shallow ones, increases with the increasing discharge into 

watersheds, developing a significant threat to the quality of life in Southeastern Wisconsin (10).  

Under the Federal Clean Water Act, bodies of water that do meet the standards of water quality 

are considered “impaired”. Five streams in Southeastern Wisconsin have been considered 

impaired as of 2014, due to “acute aquatic toxicity” resulting from high chloride concentrations 

(10).  The five streams listed are sections of the following rivers: 

● Ulao Creek - entire 0.9 mi 

● Kinnickinnic River - 2.7 mi section 

● Lincoln Creek - entire 9.7 mi 



● Oak Creek - entire 13.3 mi 

● Root River - 23.5 mi section; originally listed as impaired in 1998 

Figure 4 displays chloride concentrations in surface water samples from Root r\iver, 

where the increase in the average can be seen. However, it is important to note that 2012 can be 

viewed as an outlier due to the drought Wisconsin was experiencing that year, explaining the 

abnormally high concentrations. 

 

 Figure 4. Chloride concentrations at the sampling station of Root River at the 

intersection of W. National Ave and W. Oklahoma Ave (10) 

 Some things to consider moving forward are the other sources of chloride in bodies of 

water such as winter deicing, salt storage areas, large agricultural feedlots, fertilizers, landfills, 

chemical manufacturing, and food processing (10). The highest chloride concentrations are seen 

during the months of December - February (9), demonstrating that road salt is a big contributor 

to chloride in surface water bodies. The Southeastern Wisconsin Region is currently working on 

a study to identify their chloride contributors (10). This would further help understand the 

amount of chloride ions water softeners are contributing to municipal wastewater facilities, and 

in turn the watersheds listed above. For example, the city of Alexandria, MN performed a 

citywide chloride source mass balance to its wastewater treatment facility (11). They found the 

distributions of chloride loading to be as listed: 

● 10% from source water (such as high concentrations in groundwater) 



● 17% from industrial users 

● 73% from residential loading (water softeners) 

Until an in-depth mass balance is done in the Southeastern Wisconsin Region and there is 

a better understanding on the anthropogenic salt loadings to WWTP, furthermore into the 

Milwaukee River Basin, chloride mitigation cannot be efficiently tackled. 

Design Objectives 

 This study will test salt-free conditioning devices and analyze their effectiveness at 

reducing the effects of hard water. Two salt-free conditioning devices have been selected: 

1) Aqua Rex Physical Water Conditioner - EMF  

2) Yarna CWD24 Capacitive Water Descaler – CDI 

 

 The AquaRex Physical Water Conditioner is an Electromagnetic Forces (EMF) 

technology which uses electromagnetic fields to alter the properties of dissolved minerals. Such 

that, as hard water runs through the device, the crystallization of minerals is altered so the 

minerals do not attach themselves to pipes and create scaling. The AquaRex EMF device was 

chosen specifically because of the accessibility. After learning that a research team at the 

Milwaukee School of Engineering was performing similar analysis with a borrowed device, the 

team reached out to AquaRex asking to also borrow a device, with the return for free testing and 

data. The company is based in the UK, which may decrease accessibility to the product for the 

average Wisconsin homeowner, however they do have various offices in the United States, 

including one in Brookfield, WI. The average price for this device is around $450, which is 

relatively cheap for a water conditioning device.  

 Capacitive deionization (CDI) is accomplished by placing anode and cathode plates on 

either side of the flowing water, which then attracts ions. The Yarna device was selected because 

it was found to be accessible to purchase as it is available on Amazon and claims to not require 

maintenance. The Yarna device is also only about $300, a low cost for a water conditioner.  

 The team has ruled out other salt-free water softener technologies for analysis, including 

reverse osmosis (RO), template-assisted crystallization (TAC), electrically induced precipitation 



(EIP), and chelation systems. This is due to being too costly (RO, TAC), inaccessible to the 

average homeowner (EIP) or lack of supporting data (Chelation).  

The research project includes performing 2 different testing procedures, Intermittent 

Testing and Longevity Testing, each of which was performed on both treatment devices, along 

with control tests. Testing took place in the Purdue Instructional Teaching Lab (HAMP 2186). 

Every test used laboratory tap water, as the water at Purdue University is traditionally very hard, 

but was tested beforehand to measure its calcium ion concentration.  

Design Apparatus 

This testing procedure was determined by the team with the purpose of replicating real 

time plumbing systems. The system apparatus starts with clear PVC plastic tubing that is 

connected to a barbed sink faucet. Water runs through the tubing, into copper pipe with the 

device fitted according to the specific device manual. Lastly, the copper pipe connects to more 

PVC plastic tubing, all of which is secured by metal fittings to avoid leaking. The flow all 

dispels into a neighboring sink. A full schematic representation is shown in Figure 5.  

Copper was chosen as the pipe material as it is a commonly used for residential plumbing 

and can withstand temperatures up to 400F. The PVC plastic tubing was also selected for its 

temperature capacity of 150F as well as its flexibility for aligning the apparatus horizontally, and 

its clear color, to visibly notice any scale build-up after passing the treatment device. 

 

 

 

Figure 5. Schematic of Intermittent Testing Apparatus 

 

Testing Procedure 



We created two types of tests: Intermittent Testing and Longevity Testing. 

 

Intermittent Testing 

The purpose of this testing procedure was to determine the impacts of the following 

variables on the functionality of each device:  

• Time (15 min, 30 min) 

• Flow Rate (0.3 gpm, 1.3 gpm) 

• Temperature (15C, 50C) 

Essentially, the testing consisted of four 15-minute intervals, followed by four 30-minute 

intervals, in which the device would alternate between being ON or OFF. At the end of each time 

interval, the flow rate was measured and two samples were taken and their mV reading was 

recorded. We repeated the testing at the different flow rate and temperatures listed above. 

 

Longevity Testing 

The purpose of this testing was to determine whether the devices worked better over 

longer periods of time. According to the manuals, there is no “start time” or delay for the devices 

to begin effectively modifying the ions, however we were wondering if it would behave any 

better than just 15 or 30-minute intervals. By modifying the apparatus, we were able to 

simultaneously receive the control tap water and the treated water, as demonstrated in Figure 6.  

 

 

 

Figure 6. Schematic of Longevity Testing Apparatus 

 

 



Design Reasoning and Limitations  

 There are many limitations and constraints of our design and procedure. To begin, an 

average and peak flow rate of a home, 6 -12 gpm, would be a much better method of testing the 

devices. We decided to test at a much lower flow rate because the highest flow rate reached from 

the faucet was 3 gpm, and running that peak capacity for 3 hours, would drop drastically over 

time. Both devices also did not indicate a minimum flow rate or pressure necessary to function 

on their specifications or when we reached out to. 

 Secondly, an apparatus that would better mimic a residential home would have a way to 

heat water, after it has run through the device. Originally, we attended for a heating coil to do so, 

however the copper was not able to heat the water to the extent we wanted which was to 50 C, 

the temperature of an average water heater. Not to mention, with budgetary limits, we were not 

able to buy a water heater to thoroughly conduct our testing. 

 Lastly, the longevity testing was only tested under the variables of 15 C, with a flow rate 

of 0.3 gpm. The low flow rate was chosen as the faucet was now splitting through two outlets. 

We did not change the temperature as we predicted more calcium carbonate would only be 

produced, and none of our results thus far really proved that we needed to there would a drastic 

difference. Another aspect was time limitations – as each testing is a 3hr period. 

Standard Preparation  

 

To produce 500 mL standard solutions, a 1000 ppm of Ca2+ stock solution can be used and 

diluted accordingly. As demonstrated in Equation 1, 1 ppm of Ca2+, will receive 0.005 mL of 

the stock solutions, increasing by a factor of 10 for a standard of 10 and 100 ppm of Ca2+. 

(1) 
 

Standards will be prepared in concentrations of 1, 10, and 100 ppm Ca2+, which corresponds to 

2.5, 25, and 250 mg/L CaCO3, respectively, as shown in Equation 1.  

   

   (2) 



Identifying Client Needs 

 The groundwater aquifers in the state of Wisconsin are mostly limestone and dolomitic 

limestone aquifers. The water that is drawn out from these aquifers are classified as “hard water” 

because of the high levels of calcium and magnesium that is absorbed by the water. When this 

water runs through pipes and other home appliances, the calcium and magnesium ions can form a 

scale. The most common home solution to preventing this scale build-up is the use of residential 

water softening systems. Because these traditional water softening systems account for about 

70% of freshwater salt pollution in Wisconsin, residents need an alternative method of 

preventing scale build-up without the use of salt. 

 Initially, the team’s project partner, Wisconsin Salt Wise, requested a side-by-side 

consumer reports style product testing of salt-free water conditioner/scale reduction devices. 

They requested that the team test several devices according to the International Association of 

Plumbing and Mechanical Officials IAPMO / ANSI Z601 standard. If any of these devices were 

effective in reducing scale without the use of salt, they could be promoted for use by 

homeowners.  

 After the first few meetings with WI Salt Wise, expectations and any constraints relevant 

to the project objectives were analyzed. After researching the different types of water 

conditioning technologies and devices that are accessible to the average homeowner, and 

discussing budget and time constraints with WI Salt Wise, the team collectively agreed that they 

would gather research on and test a total of 2 devices of 2 different technologies. 

Additionally, the client allowed the team to design their own testing standards that would be used 

to test the devices for their ability to remove calcium carbonate from water. The standards that 

were recommended did not allow any salt-free conditioning devices to pass the standards testing 

because of the way it was designed. Additionally, the team was not able to test for scaling on 

pipes as that would require months or years of testing for true results. 

Identifying Target Specifications  

 For the final device recommendations, the team needed to select salt-free alternatives to 

traditional water softening devices that were practical for use in residential homes. In order to 



convince residents in Wisconsin to use these new water conditioners in their homes, they needed 

to be affordable, practical, and low maintenance compared to traditional water softeners. If the 

recommended devices were significantly more expensive and required much more maintenance 

than traditional water softening systems, residents would likely be reluctant to change. 

Additionally, the recommended water conditioning systems must be successful in reducing scale 

within the piping and other appliances in the home, as is the main purpose of using water 

softeners or conditioners alike. 

 Traditional water softening devices generally require that new salt be added to the system 

every six to eight weeks. Any water conditioning device that is selected would need to require 

less maintenance than this. Through research, it was decided that the selected devices should 

require maintenance and/or replacement of any resin or media every six to nine months. 

Requiring less maintenance from homeowners would help convince them to switch from a water 

softener to a salt-free water conditioner.  

 It was also important to test devices of different technologies that were practical for use 

by homeowners. Initial research was done on devices of 6 different water conditioning 

technologies; these different technologies included TAC, EMF, CDI, reverse osmosis (RO), 

electrically induced precipitation (EIP), and chelation systems. Some of these technologies we 

decided were impractical for use within residential homes, specifically the reverse osmosis, 

electrically induced precipitation, and chelation systems. RO systems were most recommended 

for use on singular faucets. Trying to use reverse osmosis for a whole house would be extremely 

expensive, costing somewhere between $10,000 and $20,000, which is not feasible for our 

criteria. EIP technology was impractical because very few commercial systems were available. 

Finally, chelation systems were not recommended for use in areas with higher hardness levels, 

and Wisconsin has many areas with very high hardness zones. Therefore, the team was able to 

limit water conditioning technologies down to EMFs and capacitive deionization. 

 When deciding the testing specifications, the team first began thinking about using 

similar tests to those used for traditional water softening systems. It was learned that these tests 

were likely to fail, especially those testing for actual water softness, as the calcium and 

magnesium in the treated water would still be present, just deactivated. Therefore, the team 

decided that one good way to measure the effectiveness of these devices would be to test for 



scale build up on a sample pipe. However, it was quickly realized that this testing was out of our 

scope range, as it would take months to years of testing, which we did not have time for. 

Ultimately it was decided that the team would test for calcium ion activity using a calcium ion 

testing probe that was already in the lab. 

Generating Design Concepts 

For the experimental procedure, there were many different design concepts the team had 

to consider in order to create the most accurate and successful system, including what devices we 

were testing, what standards and specifics we would be running tests for, and the type of system 

that would be used. There were many different variables the team could test for with the 

generated system. Purdue University professors, experts in the field, and preliminary research 

presented many different options to consider, both quantitative and qualitative. At first, we 

considered measuring the amount of calcium and/or magnesium in the treated water samples to 

determine if the water was truly softened. Since we were testing salt-free water conditioners, 

however, the hardness ions would still be present in the water samples and show little change 

before and after the water conditioning. Therefore, we also proposed using an ion selective 

electrode to test for calcium activity instead of calcium presence. Additionally, we considered 

running an inductively coupled plasma (ICP) analysis of treated water samples to measure the 

individual isotopes of each element present but would need the assistance of a professor or a 

graduate student to perform this. We also generated many qualitative test ideas to use for our 

treated samples. Some of these ideas include boiling treated samples repeatedly to observe scale 

build up, using only clear piping in order to watch how scale builds up over the testing process, 

and using a simple soap test to check for hardness. 

Aside from generating design concepts for our testing standards, we also had to generate 

several concepts for our actual testing system. Aside from just lending us an Aquarex 

conditioning device, the company also had provided us with a rig with which we could test the 

device. This testing rig had a central beaker in which water samples were collected, treated, and 

heated in. Because of this, there were concerns about such a small sample size and if the results 

obtained with this testing rig would be comparable to a device used in a residential home. We 

also generated a new design concept for a continuous flow system where water is treated 



constantly as it passes through pipes and hoses upon leaving a faucet head. The flow rate in the 

system would be comparable to that of sinks and showers in the average home. This way, we 

would be able to treat the water and then determine how effective the device was under similar 

conditions to a residential system. 

Selecting Design Concept 

When selecting the design concept we would use for our experimental procedure, we had 

many possibilities to decide between. We believe, however, that we selected the best possible 

design concepts to successfully replicate a residential system. As described earlier, we selected 

the Yarna capacitive deionization device as well as the Aquarex EMF device, as these are two 

separate water conditioning technologies that are practical for the majority of homeowners. For 

our testing system, we decided to not use the Aquarex testing rig we were provided and instead 

use our own designed continuous flow system. We decided against using the provided rig 

because the water sample being treated was only a very small amount in a beaker. When these 

water conditioning devices are treating water in a residential setting, the water is moving quickly 

through piping as it gets treated. Therefore, by using our own continuous flow system, we were 

able to replicate this and then evaluate the effect of the devices on water as it moved at different 

flow rates through a copper pipe. 

When considering our testing standards, we had to consider time constraints, resources 

available, and the science behind water conditioning technologies. Because scale testing would 

take months to years of testing and observing to make a real conclusion, we could not 

realistically test for scale build up for each device. Because of this the majority of our testing 

would have to be on the hardness characteristics of the water samples, we narrowed our primary 

testing options to using a calcium selective electrode and an ICP analysis. We were told by our 

professors, however, that to run an ICP analysis, we would need the assistance of a qualified 

graduate student. Based on the number of tests we would be running under different conditions, 

this would become too much to ask from an outside source. Therefore, we selected the design 

concept of the calcium selective electrode. This tool would measure the calcium activity in the 

samples, not just the calcium presence. Since the calcium that exits in the treated samples should 

have been “deactivated” by the conditioning devices, this was the perfect tool to use. 



Economic Analysis  

When looking at the economic analysis for our project, we decided to compare the costs 

of installing a water softener with the costs of installing our water conditioners, the Aquarex and 

Yarna. When analyzing the costs of installing a water softener in a residential home, something 

to consider is what is suitable for the house size and number of inhabitants. Another factor to 

consider is the system type being installed and installation costs. When looking at the economic 

analysis, we decided to look at ion exchangers that use salt and brine to compare against the 

water conditioners since the goal of the project is to explore salt free water softening devices.  

To determine the cost of installing an ion exchange water softener, first we conducted the size of 

home calculation as shown below. For the calculation we assumed the average home holds four 

people, each person uses 90 gallons of water per day, and the average hardness in our location 

was 19 grains. From this calculation we determined that the water softener capacity needed was 

48000 grains. We determined this by calculated the grains per day, then looking at the 

corresponding grains per gallon to find the water softener capacity, Figure 6. With this water 

softener capacity, the purchase cost ranges from $500-800, the average cost being $650 to 

purchase a device.  

𝑁𝑜. 𝑜𝑓 𝑝𝑒𝑜𝑝𝑙𝑒 𝑖𝑛 ℎ𝑜𝑚𝑒 𝑥 𝑎𝑣𝑔. 𝑤𝑎𝑡𝑒𝑟 𝑢𝑠𝑎𝑔𝑒 𝑥 𝑤𝑎𝑡𝑒𝑟 ℎ𝑎𝑟𝑑𝑛𝑒𝑠𝑠 

4 𝑝𝑒𝑜𝑝𝑙𝑒 𝑥 90
𝑔𝑎𝑙𝑙𝑜𝑛

𝑑𝑎𝑦
𝑝𝑒𝑟𝑠𝑜𝑛

 𝑥 19 𝑔𝑟𝑎𝑖𝑛𝑠 → 6,840
𝑔𝑟𝑎𝑖𝑛𝑠

𝑔𝑎𝑙𝑙𝑜𝑛
→ 4,501 − 6,580

𝑔𝑟𝑎𝑖𝑛𝑠

𝑔𝑎𝑙𝑙𝑜𝑛𝑠

= 48,000 𝑔𝑟𝑎𝑖𝑛 𝑤𝑎𝑡𝑒𝑟 𝑠𝑜𝑓𝑡𝑒𝑛𝑒𝑟 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 



Figure 7. Water Softener Price Comparison by Capacity (13) 

Figure 8. Water Softener Prices by Type (13) 

Along with purchase cost, other factors to consider are labor and installation costs, maintenance, 

water testing, and electrical and plumbing costs for water softeners. According to Figure 7, the 

average installation cost for an ion exchange is $1250, with maintenance costs averaging to $200 

every 3-4 months from regular salt refills, inspection, flushing, and replenishing of the unit. 

Extra costs for an ion exchange include water testing kits, which have an average cost of $30 per 

kit. Overall, the yearly cost for an ion exchange is as follows.  

 

Figure 9. Cost of Traditional vs. Salt-Free Treatment Devices 

For an ion exchange water softener, the yearly expense would be around $2820. When compared 

to the water conditioning devices, Aquarex and Yarna, this price is significantly higher. For 

water conditioners, the only costs to take into account are the market prices of the devices. This 



is because they can be installed without professional help, and have a life span of up to 10 years, 

with no maintenance or upkeep required. The market price for the Aquarex and Yarna 

respectively are $450 and $350. These do not include shipping costs, as Aquarex is based in the 

United Kingdom. This analysis also does not include the costs of appliance life span that may be 

shortened from the salt free alternatives. According to our testing, the salt free alternatives 

demonstrate just as much damage to appliances as if the alternatives were not utilized. Looking 

at both the water softener and water conditioners, it is prevalent that the water softener is more 

expensive due to market price, installation costs, and continuous maintenance.  

Recommended Design Option 

Along with the devices and procedures listed above, our group recommends looking into 

TAC technology, specifically the Springwell FutureSoft – TAC. The Springwell device was not 

compatible with this testing rig, so we have chosen to analyze existing research and data on this 

device, as Template Assisted Crystallization (TAC) is the technology with the most information 

available for it. 

 TAC technology uses resin beads as nucleation sites to catch minerals as they float in the 

water and bond them into small crystal groups. These crystals grow until they reach a big enough 

size to break off the resin bead. These crystals remain in the water as deactivated hard minerals 

and are completely safe to drink and use. TAC technology has the most research available on it 

to the public, making it easy to analyze for recommendation. We chose the Springwell 

FutureSoft device because they were very responsive to our questions and were able to provide 

us with a lot of information about their product. This is a very helpful quality for a company to 

have if we recommend this device to residents that may have questions of their own that they 

need answered. The cost of the Springwell FutureSoft is relatively high, priced on their website 

at $1,483. However, from initial analysis, we believe this technology is likely to have the best 

result. 

From the tests conducted by measuring calcium ion activity with the Yarna and Aqua 

Rex devices being turned on or off, there was no difference found in calcium ion activity, and 

therefore this project cannot scientifically endorse these two devices. For future testing, the team 

recommends creating a testing method that can run a larger amount of water through the device 



for longer periods of time if feasible. There also needs to be an established standards to test 

against specifically for salt-free softeners in order to properly qualify them. 

Results 

In order to test the devices, we created standards to calibrate the electrode for a reference of 

different water hardness, seen in Figure 10. There was almost no difference between the samples 

of the devices ON compared to when they were OFF. 

 

Figure 10. Yarna calibration curve with standards 

We decided to measure everything in terms of Calcium as calcium carbonate as that is the way it 

is referred to most often. Thus, applying the Nernst equation we were able to convert everything 

as such. 

 Looking at the Intermittent testing, these is very inconsistent changes in results. We 

cannot determine that the Yarna or AquaRex have directly softened the water by any degree as 

shown in Figure 11. The longevity testing also showed no differences. 



 

 

Figure 11. Intermittent testing at different flow rates of Yarna (left) and Aquarex (right) 

 

 

 

Figure 12. Longevity testing at different flow rates of Yarna (left) and Aquarex (right) 
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Figures 

1. Average hardness as calcium carbonate at water-monitoring sites 

 

2. Conventional water softener process 

 

 

 



3. Relationship between chloride concentrations and urban use at Wisconsin’s long term 

trend sites 

4. Chloride concentrations at the sampling station of Root River at the intersection of W. 

National Ave and W. Oklahoma Ave 

 

5. Schematic of Intermittent Testing Apparatus 



   

6. Schematic of Longevity Testing Apparatus 

 

 
 

7. Water Softener Price Comparison by Capacity 

 

8. Water Softener Prices by Type 

 

8. Cost of Traditional vs. Salt-Free Treatment Devices 
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