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The ISS Urine Processor Assembly (UPA) was initially designed to achieve 85% recovery 

of water from pretreated urine on International Space Station (ISS). Pretreated urine is 

comprised of crew urine treated with flush water, an oxidant (chromium trioxide), and an 

inorganic acid (sulfuric acid) to control microbial growth and inhibit precipitation. 

Unfortunately, initial operation of the UPA on ISS resulted in the precipitation of calcium 

sulfate at 85% recovery. This occurred because the calcium concentration in the crew urine 

was elevated in microgravity due to bone loss. The higher calcium concentration precipitated 

with sulfate from the pretreatment acid, resulting in a failure of the UPA due to the 

accumulation of solids in the Distillation Assembly. Since this failure, the UPA has been 

limited to a reduced recovery of water from urine to prevent calcium sulfate from reaching 

the solubility limit. NASA personnel have worked to identify a solution that would allow the 

UPA to return to a nominal recovery rate of 85%. This effort has culminated with the 

development of a pretreatment based on phosphoric acid instead of sulfuric acid. By 

eliminating the sulfate associated with the pretreatment, the brine can be concentrated to a 

much higher concentration before calcium sulfate reach the solubility limit. This paper 

summarizes the development of this pretreatment and the testing performed to verify its 

implementation on ISS.  

Nomenclature 

ARFTA = Advanced Recycle Filter Tank Assembly SI = saturation index 

ART = Anomaly Resolution Team SN = serial number 

cm = centimeter TOC = Total Organic Carbon  

DI = deionized water UPA = Urine Processor Assembly  

DA = Distillation Assembly WHC = Waste Hygiene Compartment                               

GF/F = glass fiber filter WRS =  Water Recovery System 

ISS = International Space Station   

L = liter                          

MSFC = Marshall Space Flight Center 

MS = mass spectroscopy 

µ = micro 

mg = milligram 

M = Molar, mol/L 

MSR = maximum soluble recovery 

% = percent 

PPE = personal protective equipment 

PPP = Precipitation Prevention Project 

PTAU = pretreated, augmented urine 

Ps = conditional solubility product 
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I. Introduction 

ecovery of water from urine is a critical component for closing the water loop on the International Space Station 

(ISS). The baseline technology for ISS utilizes vacuum distillation of pretreated urine within the Distillation 

Assembly (DA) of the Urine Processor Assembly (UPA)1. The primary limitation in maximizing water recovery from 

urine in microgravity is the formation of mineral precipitation and scaling that has the potential to block critical flow 

paths in the small tubing associated with gas-liquid phase separation processes within the DA2. 

DA SN02 was placed into service on the ISS in March 2009 with a design recovery of 85% from pretreated 

urine.  Later that year, the DA experienced a high current fault in the compressor.  It was determined that the DA 

was likely flooded.  After a series of unsuccessful attempts to resolve the problem on-orbit, the unit was removed 

and returned to the ground for further investigation.  In December 2009, the DA was disassembled at MSFC.  The 

evaporator contained a significant quantity of solid material as shown in Figure 1.  Subsequent analysis determined 

that the material was primarily composed of calcium sulfate dihydrate (CaSO4•2H2O), which is the inorganic 

mineral known as gypsum.  

 

 

In response to the in-flight gypsum precipitation event, an Anomaly Resolution Team (ART) was assembled in 

2009 to evaluate the root causes of the DA failure.  In parallel, water recovery of the UPA’s new DA (SN01) was 

reduced from 85% down to 65% as a checkout before transitioning to 70% recovery in 2010 and then 75% recovery 

in 2014. Although there was some evidence of gypsum crystals forming on returned brine filters, the DA SN01 

operated without failure and was returned to the ground following five years of operation on ISS and no scaling was 

observed. 

The ART concluded that a combination of factors led to the precipitation failure of the DA.  These factors included 

elevated concentrations of urinary calcium under microgravity conditions and reduction in the solubility of gypsum 

due to the addition of sulfate from the sulfuric acid pretreatment, which contributed about 80% of the total sulfates in 

the pretreated urine3. The molar ratio of sulfate ion to calcium ion was on the order of 25:1 in baseline pretreated urine. 

The significant reduction in solubility of gypsum in the presence of a molar excess of sulfates relative to calcium is 

known as the common ion effect. 

The findings of the ART initiated the Precipitation Prevention Project (PPP) in 2010 to identify and evaluate 

potential design solutions that would enable 85% water recovery from pretreated urine.  The PPP evaluated ion-

exchange removal of calcium ion, chelating agents, threshold inhibitors, electromagnetic (Lorentz field) processes, 

R 

Figure 1. Calcium sulfate in the Distillation Assembly SN02. 



 International Conference on Environmental Systems 

3 

and sulfate-free pretreatment solutions. Of these technical options, ion-exchange removal of calcium and sulfate-free 

pretreatment solutions were deemed the most appropriate. Five ion-exchange resins were evaluated and compared to 

an alternative pretreatment solution consisting of phosphoric acid.  It was concluded that the alternate pretreatment 

solution provided the most cost effective solution in the long term since it did not add to resupply costs and did not 

require any hardware additions or changes to the ISS configuration. The alternate pretreatment solution was developed 

to meet the same basic operational goals as the baseline pretreatment (Table 1). 

 

Table 1. Goals of the alternate pretreatment. 

1 Prevent mineral precipitation on all surfaces that contact pretreated urine and brine. 

2 Prevent microbial growth in pretreated urines and brines. 

3 Provide similar non-condensable gas emissions during distillation as the baseline pretreatment 

formulation. 

4 Be compatible with wetted components of WHC/UPA and other hardware including personal protective 

equipment (PPE). 

5 Have a storage lifetime of pretreatment solution similar to baseline. 

 

An alternate pretreatment solution was formulated to meet the goals of Table 1.4 One of the challenges in replacing 

the sulfuric acid with phosphoric acid was that approximately three times more volume of phosphoric acid is required 

to provide the same baseline pH level in pretreated urine (pH <2.5). The low pH is required to control bacteria, keep 

alkaline precipitates soluble, and strengthen the oxidizing power of the oxidizer (hexavalent chromium) by providing 

protons for the oxidation reactions.  Without a strong acid, hexavalent chromium is a relatively weak oxidizer in the 

presence of urine.  Implementation of the final alternate pretreatment formulation required a volumetric dosage of 3.3 

mL per flush of the waste hygiene compartment (WHC) to provide the same acidification and oxidation of urine as a 

3.0 mL dosage of the sulfuric-acid based pretreatment. 

 

II. Impact of Alternate Pretreatment on Maximum Water Recovery and the Risk of Precipitation 

NASA personnel developed an approach to calculate the probability of gypsum precipitation as a function of water 

recovery rate during UPA operations on ISS. The methodology combined a statistical model to simulate the pooling, 

pretreatment, and distillation of urine on ISS combined with an empirically based model of the precipitation chemistry 

of the brines. The statistical model provided the probability distribution of the quantities of calcium and sulfate in the 

urine and associated brines, which were then compared to the empirical gypsum solubilities measured by experiment. 

Results of the combined models enabled ISS program managers to assess the risk of precipitation relative to the 

benefits of higher water recoveries. 

A. Statistical Model 

NASA personnel developed a model using STATA® to simulate production and mixing of urine from three U.S. 

crew members over the course of one year of UPA operations on ISS.  A crew of three were assumed to use the WHC. 

The model assumed that each crew member was switched out every 170 days. The urine data obtained from the JSC 

Nutritional Biochemistry Lab contained the 24-hour urine volume, the concentration of total calcium and the 

concentration of total sulfur in a crew member’s urine. Sulfur concentrations were converted to sulfate by assuming 

all the urinary sulfur was present as sulfate. Only data from 2010 to 2014 of US crew on ISS were used. During that 

time period, 131 daily urine samples were collected from 28 subjects. All subjects were anonymous and identified by 

random numbers to the researchers. 

The operation of the UPA was simulated by assuming a flush volume mixture of 220 mL of raw urine, 50 mL of 

DI water and 3.0 to 3.3 mL of baseline pretreatment solution or 3.3 to 3.6 mL of alternate pretreatment solution per 

flush of the WHC. A brine tank volume of 21.7 liters was used to estimate the total throughput of pretreated urine 

processed during one UPA cycle.  A range of water recoveries from pretreated urine of 75 to 90% were simulated. A 

bootstrapping method was used to simulate long-term UPA operations.  The bootstrapping method converted the finite 

set of urinary data (urine volume per day, urinary calcium concentration, and urinary sulfate concentration) to a 

population of crew members using the WHC. From each year of operation, the maximum value of the product of the 

molar concentrations of calcium and sulfate in a final brine for a given water recovery were saved to represent the 

most concentrated brine for each year. The maximum values of the calcium and sulfate products followed a Weibull 

Distribution Function.  From this distribution, the exceedance probability for any given value of the product of the 
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molar concentrations of calcium and sulfate in the pretreated urine brine, [Ca]B[SO4]B, could be calculated for one 

year of UPA operations.  Both baseline and alternate pretreatment solutions were simulated in the model. 

B. Chemistry Model 

 Because pretreated urine brines have an ionic strength exceeding 1 molar (M), the use of the Debye-Huckel B-dot 

model and other theoretical models based on activity coefficients were deemed inaccurate in simulating the brine urine 

chemistry. Instead, an empirical approach was utilized in which real urine was augmented with chemicals to simulate 

a given exceedance probability on ISS. Urine augmentation was based on the concentration of various contaminants 

in crew urine using the ISS data provided by the JSC Nutritional Biochemistry Lab. The augmentation method 

followed the pretreated, augmented urine 95th percentile, PTAU95, Method.5  From the statistical model, the 

concentrations of calcium and sulfate with an exceedance probability of 5% (upper 95th percentile) during one year of 

WHC/UPA operations were selected as the test solution. For the US Crew on ISS from 2010 to 2014 and a brine tank 

volume of 21.7 liters, the 95th percentile level of calcium in pooled urine was 230 mg-Ca/L and the 95th percentile 

urinary sulfate was 2,200 mg-SO4/L (results of statistical model at 75% recovery). The average urine volume per crew 

member per day at these 95th percentiles was 1 liter of raw urine per day per person (69.9 liters of raw urine processed 

over a 23 day brine filter cycle). The 95th percentile value of calcium at 90% recovery in raw urine was 220 mg-Ca/L 

due to the larger volume of urine that can be processed in a single brine cycle at 90% recovery compared to 75% 

recovery. A 75% recovery UPA brine cycle will process 86.8 liters of pretreated urine for a 21.7 liter brine tank, 

whereas 90% recovery brine cycle will process 217 liters of pretreated urine. In order to be conservative, the 95th 

percentile concentrations of calcium (230 mg-Ca/L) and sulfate (2,200 mg-SO4/L) for the 95th percentile, 75% 

recovery scenario were used in the PTAU95 augmentation procedure for all ground testing for all simulated recoveries 

(75 to 90% recovery). The recovery rates are based on volume of pretreated urine and brine. 

During ground testing, pooled urine was augmented to match the calcium concentration of 230 mg/L by addition 

of calcium chloride.  A ratio of 9.6 mg-SO4 per mg-Ca was used to augment the sulfate concentrations by addition of 

sodium sulfate. In addition, 14.5 mg-PO4 per mg-Ca was assumed in order to augment the phosphate by addition of 

potassium dihydrogen phosphate. These ratios of SO4 to Ca and PO4 to Ca were based on ratios from the statistical 

model simulations at the 95th percentile. The statistical model included phosphate concentrations from urine in the 

simulations in order to set the augment target (95th percentile urinary phosphate concentration). 

As in the statistical model, the WHC flush volumes were assumed to be 220 mL of raw urine, 50 mL of DI water, 

and 3.3 mL of baseline pretreatment (this shared common value was used for both types of pretreatment solutions).  

Both the baseline pretreatment solution and the alternate pretreatment solution were prepared and tested by distilling 

augmented urine in a small-scale Rotavapor®. The sulfuric acid-based baseline pretreatment solution contained 0.47 

grams of sulfate per mL, whereas the phosphoric acid-based alternate pretreatment solution did not contain sulfate. In 

both types of pretreated urines the first mineral to become saturated and precipitate during distillation was observed 

to be gypsum, CaSO42H2O. 

Determination of the solubility of gypsum in brines was based on the conditional solubility product, PS.6 The value 

of PS was determined by measuring the total dissolved concentrations of calcium and sulfate in gypsum-saturated 

brine solutions by ICP-MS after filtering the brines through 0.7 micron glass fiber filter papers (Whatman® GF/F).  

The value of Ps is dependent on the solution’s chemical properties including pH, ionic strength, and the presence of 

other ions that form ion pairs and complexes with the calcium or sulfate ions. Brines were saturated with gypsum by 

adding 1 gram of gypsum to 30 mL of brine and storing the brines in a closed glass container for 10 days at 25 Celsius. 

The brines were then filtered and the filtrate was submitted for ICP-MS analysis of the total aqueous concentrations 

of calcium and sulfur (sulfate).  Figure 2 shows the value of Ps as a function of water recovery for the mixed pretreated 

urine testing at MSFC (mixtures of baseline pretreated urine with alternate pretreated urine).  75% water recovery 

represents 100% baseline pretreated urine brine and 90% water recovery represents 100% alternate pretreated urine 

brine. Intermediate water recoveries represent linear combinations of the two types of pretreated urine (82.5% water 

recovery was a 50/50 mixture of baseline and alternate pretreated urine). The increase in the value of Ps with water 

recovery in Figure 2 is due mainly to the decrease in the sulfate common ion effect as the mixture contains more of 

the alternate pretreated urine and less sulfate.  In addition, there is some increase in the value of Ps as water recovery 

increases due to increases in salinity (activities of calcium and sulfate ions decrease with salinity and ion-pair 

formation increases with salinity). 
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C. Maximum Soluble Recovery 

Combining the empirical, conditional solubility product for gypsum, Ps, measured in brines with the water 

evaporating operations of the UPA simulated in the statistical model enables the definition of a maximum soluble 

water recovery, MSR, with an associated annual exceedance probability. 

The maximum soluble water recovery, MSR, for the 95th percentile scenario, MSR95, may be calculated by 

equating the value of [Ca]B[SO4]B in the brine of a given water recovery simulated by the statistical model (simulated 

UPA operations for US crew of three using WHC) to the value of Ps measured for the same water recovery from the 

pretreated, augmented urine (PTAU95) solutions in the MSFC test (see Section III).  

 

                                        𝑀𝑆𝑅95 =  1 − √ 
[𝐶𝑎]𝑃𝑇𝐴𝑈95[𝑆𝑂4]𝑃𝑇𝐴𝑈95

 𝑃𝑆
                                                           (1) 

The value of MSR95 represents the water recovery (volume of distillate / volume of pretreated urine) at which point 

the brine would become saturated with respect to gypsum for the 95th percentile scenario. This represents the case 

when concentrations of calcium and sulfate in pooled, pretreated urine has a 5% probability of being exceeded during 

one year of UPA operations on ISS. The value of Ps in Equation 1 is a function of water recovery, RV, as given in 

Figure 2. The MSR95 is a function of the molar concentrations of calcium and sulfate in the pretreated urine. 

In addition, a saturation index, SI, may be defined to quantify the degree of saturation for brines that were not at 

equilibrium with a solid phase gypsum. 

 

SI = log([Ca]B[SO4]B/PS)               (2) 

 

where the value of SI is negative if the brine solution is undersaturated and positive if supersaturated with respect 

to gypsum. 

Figure 2. Conditional solubility product of brines and water recovery for mixtures of baseline and 

alternate pretreated urine from the MSFC mixture test. 
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The MSR provided ISS managers with a quantitative assessment of the risk of gypsum precipitation for a given 

UPA water recovery.  Operating the UPA at recoveries below the MSR95 would be associated with less than a 5% 

probability of precipitating gypsum in the final brine during one year of UPA operations on ISS. Figure 3 shows the 

MSR95 for mixtures of baseline and alternate pretreated urine brines where R is the relative volume of total processed, 

pretreated urine that was baseline pretreated from Russian crew (ACY = Russian Segment, baseline pretreated urine). 

Saturation indices of SI = 0 (saturated) and SI = 0.05 (slightly supersaturated) are shown with respect to gypsum. 

Figure 3 is based on the 95th percentile levels of calcium and sulfate for the US crew during 2010 to 2014 (SK Nutrition 

Urine data) on ISS. In order to simulate raw urine from the Russian Segment, the 95th percentile levels of urinary 

calcium and sulfate were conservatively assumed to be greater in the Russian segment by a factor of 1.33 (2:1.5). 

 

 
Figure 3. Maximum Soluble Recovery for Mixtures of Pretreated Urine. 

 

 The model includes the contributions of sulfate from the baseline pretreatment.  The effect of the pretreat dose 

pump volume (mL per flush of WHC) on gypsum precipitation risk is quantified in Figure 4 for a UPA operating at 

75% recovery.  As a result of model simulations accounting for the sulfates originating from the pretreatment solution, 

water recovery rates on ISS were adjusted to account for individual dose pumps installed on ISS that injected large 

volumes of the sulfuric acid, baseline pretreatment solution (prior to transitioning to the alternate pretreatment 

solution). 

III. Processing Mixtures of Baseline and/or Alternate Pretreated Urine 

After the initial precipitation failure, the UPA dropped the water recovery into a range of 74-75% to avoid reaching 

the solubility limit of calcium sulfate. Because this recovery rate will not meet ISS mass balance requirements, an 

alternate pretreatment formula has been developed that uses phosphoric acid instead of sulfuric acid. Previous ground 

testing has verified that 85% recovery of water from this alternate pretreatment of urine is viable, and that the ISS 

systems can operate with the alternate pretreatment without safety or performance issues. However, implementation 

of the alternate pretreatment on ISS would require the UPA to process a mixture of alternate pretreated urine (from 

the ISS Waste & Hygiene Compartment) and baseline (sulfuric-based) pretreated urine (from the Russian Segment), 

since the Russian Space Agency will begin operating a Urine Processor in 2018 that was developed for the baseline 

pretreatment. 

In addition, bench tests at the Johnson Space Center (JSC) have indicated that the alternate pretreatment supports 

water recovery beyond 85%, and credibly up to 90%. This increased water recovery is beneficial for reduced water 

upmass and crew time for maintenance but additional ground tests were required to verify this elevated % recovery 

could be achieved with the UPA. Evaluation of the transition from baseline to alternate pretreat mixtures have been 

completed to ensure performance and safety requirements are met while also defining an optimal percent recovery 

viable after final transition. 
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Figure 4. Effect of Pretreat Dose Pump Volume on Gypsum Saturation in Baseline Pretreated Urine Brine at 

75% Recovery. 

 

Varied ratios of baseline mixed with alternate pretreat were evaluated on the UPA Development Unit located at 

MSFC. The primary objectives of this test were to verify alternate pretreated urine can be processed with baseline 

pretreated urine at the defined percent recovery, and verify the viable percent recovery for the alternate pretreated 

urine once the transition is completed. Table 2 describes the roadmap for evaluating the varied ratios of pretreated 

urine matrices for each concentration cycle of the UPA. The ratios extended from 100% composition of one pretreat 

matrix to 0% composition. First two concentration cycles with the 100% baseline pretreated urine recovered 75% 

recovery (by volume). Subsequently, various mixtures were evaluated followed by several cycles of switching back 

and forth between the alternate and pretreated urine. The test was completed with a final cycle of the 100% alternate 

pretreatment. Sample analysis was performed throughout testing to capture pretreated urine, distillate, and brine 

quality.  

 

Table 2: Cycle processing schedule. 

Cycle 

Number 

% Pretreat Urine Ratio 

(Baseline : Alternate) 
Target % Recovery 

1 100:0 75.00 

2 100:0 75.00 

3 25:75 86.25 

4 50:50 82.50 

5 75:25 78.75 

6 0:100 90.00 

7 100:0 75.00 

8 0:100 90.00 

9 75:25 78.75 

10 50:50 82.50 

11 25:75 86.25 

12 0:100 90.00 
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A. Brine and Distillate Quality Reports 

A review of the data from the progression of 100% baseline to 100% alternate pretreat identified several trends. 

Of the most noteworthy, soluble calcium level within the brine showed over 2.5 times higher levels in the 100% 

alternate mix compared to the 100% baseline pretreatment processing. This observation confirms higher % recovery 

(and thereby calcium concentration) can be achieved with the phosphoric based pretreatment. The same trend of 

increased levels of analyte in increased amounts of alternate pretreatment can be said for chromium, sodium, 

potassium, phosphate, non-purgeable organic carbon and total dissolved solids. It was also observed that pH increased 

from an average of 1.77 with 100% baseline pretreatment to 1.94 with 100% alternate pretreatment. The remaining 

parameters show no significant trends as the pretreatment ratios varied. Table 3 summarizes specific contaminants in 

further detail during each percent pretreat ratio processed. 

 Although it was anticipated that sulfate ion concentration would decrease in the brine as the amount of baseline 

(sulfuric acid matrix) decreased, this trend was not as evident. It was determined that one batch of baseline stabilizer 

was prepared approximately 2000 mg/L higher in sulfate than expected. This batch was used for about four days to 

prepare baseline pretreated urine. Table 4 below provides results of microbial organisms analysis in the brine after 

each cycle was completed. Except for the first cycle brine sample with the fungal Penicillium species present, all other 

samples had Paenibacillus amylolyticus and Paenibacillus glucanolyticus as the dominant species present ranging 

from 1 CFU/mL to 110 CFU/mL. 

The TOC for the distillate produced in each mixture test was approximately 45 mg/L, and the conductivity for 

each distillate was consistent at approximately 142 µmhos/cm. Among the specific organic analytes, acetaldehyde 

was approximately 1400 mg/L in the distillate when 75% or more mixture of the baseline pretreatment was being 

processed as compared to <5 mg/L when 50-100% alternate pretreat was being processed. Overall, the methanol levels 

were higher in the distillate while higher levels of baseline pretreat was being processed and slightly decreased when 

the majority of the pretreatment was the alternate stabilizer. Although these specific organics showed an overall 

decreased presence in the distillate as the shift from majority of baseline to majority of alternate pretreatment, acetone 

was observed to have an increase in concentration. 

B. Ground UPA Operations 

Operations of the UPA processes were documented and recorded throughout the course of the test. Although 

nominal operations of the UPA hardware were indicated for the majority of the tests a few off-nominal operations 

were identified. Sensor anomalies, fluids pumps tube ruptures, and gear failures were reported. All anomalies and 

hardware failures were addressed and process cycles were repeated. Once the testing was completed, the DA, brine 

tank, and brine filter were inspected. Particulates were observed; however, after a series of materials analysis, it was 

determined these particulates were not calcium sulfate or any other inorganic salt and concluded to be from prior UPA 

hardware malfunction. 

C. Summary 

This test confirmed urine treated with either baseline (sulfuric acid and chromium oxide) or alternate (phosphoric 

acid and chromium oxide) can be processed to corresponding target percent recoveries, most importantly to 90% water 

recovery with 100% alternate pretreatment. This test also showed that alternating cycles of pretreated mixtures of 

100% baseline through 100% alternate did not show any measurable changes in the UPA operation. The quality of 

brine and distillate showed variation from 100% baseline process to 100% alternate processing, as anticipated from 

previous tests observations. Although particulates were observed in the DA, it was determined that they were not 

calcium sulfate derivate and concluded to be remnants from hardware components. These test results along with the 

solubility calculation described previously allowed NASA engineering to implement alternate pretreatment on the ISS 

in May 2016. 
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Table 3: Baseline and alternate pretreatment brine quality summary. 

 

% Pretreat 

Ratio 
(Baseline : 

Alternate) 

    

% Pretreat 

Ratio 
(Baseline : 

Alternate) 

   

Analyte  Average StDev %RSD Analyte  Average  StDev %RSD 

Calcium     
pH 

(-log([H+]) 
    

 100:0 578 196 34  100:0 1.77 0.11 6.21 

 75:25 903 145 16  75:25 1.73 0.18 10 

 50:50 725 299 41  50:50 1.73 0.23 13 

 25:75 1328 159 12  25:75 1.82 0.12 6.6 

 0:100 1580 40 2.5  0:100 1.94 0.05 2.7 

Chromium     Phosphate     

 100:0 2273 795 35  100:0 6277 1441 23 

 75:25 3580 877 24  75:25 33550 4738 14 

 50:50 2693 1337 50  50:50 23777 14740 62 

 25:75 4800 665 14  25:75 69075 16582 24 

 0:100 5993 375 6.3  0:100 114033 8560 8 

Conductivity 

(µmhos/cm) 
    Potassium     

 100:0 44417 10414 23  100:0 6257 822 13 

 75:25 57770 99 0.17  75:25 7955 1619 20 

 50:50 51763 8295 16  50:50 6747 1889 28 

 25:75 58595 290 0.49  25:75 10858 1036 10 

 0:100 56790 488 0.86  0:100 14925 715 5 

NPOC     Sodium     

 100:0 21242 7879 37  100:0 7110 871 12 

 75:25 31893 3808 12  75:25 9325 1747 19 

 50:50 30312 8601 28  50:50 7485 2235 30 

 25:75 47835 474 1.0  25:75 12405 1082 8.7 

 0:100 57963 461 0.79  0:100 17377 1501 8.6 

ORP 

(mv) 
    Sulfate     

 100:0 436 99 23  100:0 17327 7554 44 

 75:25 412 73 18  75:25 31150 9546 31 

 50:50 410 29 7.0  50:50 19310 4923 25 

 25:75 473 39 8.2  25:75 23850 1174 4.9 

 0:100 418 64 15  0:100 13265 5871 44 

Specific 

Gravity 

(--) 

    

Total 

Dissolved 

Solids 

    

 100:0 1.068 0.025 2.318  100:0 116800 55154 47 

 75:25 1.110 0.014 1.274  75:25 174900 27011 15 

 50:50 1.093 0.030 2.709  50:50 141333 58508 41 

 25:75 1.158 0.011 0.916  25:75 272500 18243 6.7 

 0:100 1.157 0.093 8.060  0:100 361867 36096 10 

Units are in mg/L unless noted. 
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Table 4: Microbial results for brine summary. 

Cycle 
% Pretreat Ratio 

(Baseline : Alternate) 
Type Concentration Species Present 

1 100:0 Fungal 41 CFU/100 mL Penicillium species 

3 25:75 Bacteria 110 CFU/1 mL Paenibacillus amylolyticus 

4 50:50 Bacteria 7 CFU/1 mL Paenibacillus pabuli; 

Paenibacillus glucanolyticus 

6 0:100 Bacteria 45 CFU/1 mL Paenibacillus glucanolyticus; 

Paenibacillus amylolyticus 

7 100:0 Bacteria 21 CFU/1 mL Paenibacillus amylolyticus 

9 75:25 Bacteria 24 CFU/1 mL Paenibacillus glucanolyticus; 

Paenibacillus amylolyticus 

10 50:50 Bacteria 13 CFU/1 mL Paenibacillus glucanolyticus; 

Paenibacillus amylolyticus 

12 0:100 Bacteria 1 CFU/1 mL Paenibacillus glucanolyticus 

 

IV. Conclusion 

Precipitation of calcium sulfate in the UPA has presented a significant design challenge for water recovery on ISS. 

The elevated concentration of calcium in crew urine in microgravity along with sulfate from the baseline pretreatment 

limited water recovery from urine to 75% for US crew, significantly below the design goal of 85%. NASA personnel 

have completed the development of an alternate pretreatment based on phosphoric acid instead of sulfuric acid, 

allowing the UPA to return to 85% recovery on ISS. This increase in water recovery results in a net savings of over 

200 kg of water resupply each year, resulting in a significant cost savings to NASA. The increase in water recovery 

also reduces the volume of brine produced each year. After two years of operation on ISS, there have been no 

performance issues with the alternate pretreatment since it was installed on ISS on May 17, 2016. In fact, NASA 

personnel are analyzing the brine returned to the ground to evaluate the option to increase the water recovery above 

85%. Increasing the water recovery is beneficial for reducing water resupply, but also increases the duration of each 

concentration cycle and therefore reduces crew time required for maintenance. 

Acknowledgments 

The authors would like to acknowledge the engineers and chemists at MSFC and JSC responsible for completing 

the evaluation and certification of the alternate pretreatment. Special thanks go to Al Feiveson of JSC-SK for the 

statistical model and Scott Smith of JSC-SK for the SK Nutrition Urine data from ISS. The JSC team gratefully 

recognizes Antja Chambers for her positive, steadfast leadership of the Precipitation Prevention Project. We thank Dr. 

Bobby Devor and the hard-working team at KSC for advancing the processes and verification procedures to prepare 

the pretreatment solution for ISS. 

References 
1Carter, D.L., J. P. Williamson, C. Brown, J. Bazley, D. Gazda, R. Schaezler, F. Thomas, “Status of ISS Water Management and 

Recovery”, presented at the 48th International Conference on Environmental Systems, Albuquerque, N.M., July, 2018. 
2Muirhead, D., “Urine Stabilization for Closed-Loop Life Support Systems.” American Institute of  Aeronautics and Astronautics, 

AIAA-2010-6300 40th International Conference on Environmental Systems, Barcelona, Spain, 2010. 
3Muirhead, D., Carrier, C. “Comparison of Four Strong Acids on the Precipitation Potential of Gypsum in Brines During Distillation 

of Pretreated, Augmented Urine.” American Institute of  Aeronautics and Astronautics,  AIAA, 42nd International Conference on 

Environmental Systems, San Diego, California, 2012. 
4Muirhead, D., “Pretreatment Solution for Water Recovery Systems.” United States Patent No. 9,878,928, January 30, 2018. 
5Carter, D.L., Mize, R., Parrish, K., Test Requirements for Evaluating Mixture of Alternate and Baseline Pretreatment in Urine 

Processor Assembly. ES62-1500, Appendix. 2015. 
6Snoeyink, V.L., Jenkins, D, Water Chemistry. John Wiley & Sons. 1980. 

 


