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NASA’s current efforts are focused on long-duration flights to the Moon, Mars, and beyond. Potable water 

is a fundamental requirement for crew consumption, specific hardware applications, and more recently for 

plant growth in space. It is imperative to the success of the space missions that potable water be protected from 

microbial proliferation, especially in the case of stored water for extended periods. Iodine and ionic silver are 

used in the water on the International space station (ISS) and space shuttle. These chemicals can prevent 

microbial growth but should be used in low concentrations to avoid human toxicity. Therefore, alternative, 

non-toxic biocides are needed for spacecraft potable water systems. In this paper, studies on the use of chitosan-

based disinfectants to protect water in crewed space missions will be presented. 

Nomenclature 

 

BA  Barbituric acid 

CM-Chitosan  Carboxymethyl Chitosan  

 ISS =  International Space Station 

MBC  Minimum bactericidal concentration  

MIC  Minimum inhibitory concentration 

NASA = National Aeronautics and Space Administration 

NSI = Nanotechnology Signature Initiative 

PWD  Potable Water Dispenser 

STTR = Small Business Transfer Technology 

XRD = X-ray diffraction  

WPA  Water Processor Assembly 

I. Introduction  

Recent efforts of the National Aeronautics and Space Administration (NASA) are focused on long-duration 

missions to the Moon, Mars, and beyond. NASA’s crewed space missions will require potable water, a vital resource 

for human survival.  The ISS wastewater is recycled to save resupply cost. In the U.S. segment of the ISS, water 

processor assembly (WPA) purifies the water recovered from the humidity condensate and urine distillate, producing 

potable water for crew consumption.1 The addition of iodine or silver is used to make sure that water is protected from 

microbial growth. The current microbial disinfectant installed in ISS is an iodinated resin is added to water to kill 

bacteria. The iodine added to the potable water system is removed at the U.S. Potable Water Dispenser (PWD) point-

of-use before crew consumption. 

 
1 Senior Engineer, 20695 Settlers Point Pl, Sterling, VA 20165 
2 Chief Chemist, 2809-K Merrilee Dr., Fairfax, VA 22031 
3 Professor, Department of Biological Sciences, 915 S Jackson Street, Montgomery AL 36101. 
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Silver is an effective broad-spectrum antimicrobial agent.v NASA is interested in using silver as a replacement for 

iodine for long duration exploration missions.2,3,4 Unlike iodine, silver ion (Ag+) can be directly consumed by the crew 

when used at low concentrations.5 Since silver is already used on the Russian part of the ISS, if the United states part 

of the ISS adopts silver as a disinfection, the water system can be standardized and shared across international 

spacecraft platforms.6 Electrolytic-based silver dosing systems are the current lead technology for controlled dosing 

of silver ions in a spacecraft potable water system.7  However, silver is depleted  and will require constant 

replenishment.8 NASA’s current technologies show great promise in prevention the loss of silver ions.2-8  In this work, 

a naturally occurring chitosan-based disinfectant was tested to keep the potable water safe from microbial 

contamination. 

I. Chitosan-based Natural Disinfectants 

 

Chitosan is a natural, non-toxic biopolymer derived from the deacetylation of chitin found in arthropod shells. The 

chemical structure of Chitin and Chitosan is provided in Figure 1. 

 

 

 

   

 

 

 

 

 

(a)                                                                                         (b) 

 

Figure 1. Chemical structure of (a) chitin and (b) chitosan biopolymers 

 

Qi et al. reported that chitosan nanoparticles could inhibit the growth of E. coli, S. choleraesuis, S. 

Typhimurium, and S. aureus.9 Their minimum inhibitory concentration (MIC) values were <0.25 µg/mL, and the 

minimum bactericidal concentration (MBC) values of nanoparticles were 1µg/mL. Chitosan and its derivatives 

also exhibited antimicrobial property against viruses and fungi.10 The MICs reported for specific target organisms 

range from 0.0018% to 1.0%. The efficiency of chitosan was dependent on several factors, including the type of 

the microorganism, pH, the degree of polymerization of chitosan (molecular weight), functional groups on the 

derivatives (amino, carboxyl, hydroxy, etc.) and the presence of interfering substances. Therefore, judicious 

selection of the most effective chitosan derivative is required for spacecraft water system applications. 

 

Mechanism of Disinfectant Action of Chitosan 

 

The following are different mechanisms proposed for the antimicrobial activity of chitosan and its derivatives: 

 

Chitosan becomes positively charged in acidic solution due to the protonation of amino groups (⎯NH3
+). 

Therefore, chitosan interacts readily with negatively charged cell membranes, causing an increase in membrane 

permeability and eventual rupture and leakage of intracellular components.10 This mechanism are supported by 

the fact that chitosan is effective against microorganisms only below pH 6.  Similarly, chitosan derivatives 

containing quaternary ammonium groups, such as N, N, N-trimethyl chitosan, N-propyl-N, N-dimethyl chitosan, 

and N-furfuryl-N,N-dimethyl chitosan are more potent antimicrobial agents compared to neutral chitosan.11 

 

Antimicrobial effects of chitosan are also attributed to its encapsulation effect on microorganisms. Qin et al. 

suggested that the microbial cell surfaces were coated with chitosan molecules (Figure 2) and form an impervious 

wall around it.12  This results in cell rupture and leaking of the intracellular constituents and, ultimately, death of 

the microbial cell. This mechanism is schematically explained in Figure 2. 
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Figure 2. Mechanism of 

antimicrobial activity of 

chitosan 

 

 

 

Another pathway suggested for the antimicrobial action was the chelation of the DNA of microorganisms and 

the retardation of enzyme activity [3]. 

 

Drinking-Water Sanitation by Chitosan 

  

The search for natural, nontoxic antimicrobials to avoid synthetic chemicals for water sanitation has led to the 

application of chitosan and chitosan derivatives for water purification. Table 1 provides a summary of different 

works done on the antimicrobial activity of chitosan on bacteria and fungi.  

  

Table 1. Antimicrobial activity of Chitosan Derivatives 

 

Type of Chitosan Microorganism Ref. 

Chitosan (Pioneer work) Escherichia coli 13 

Chitosan nanoparticles Streptococcus mutans Biofilm 14 

Chitosan nanoparticles Klebsiella pneumoniae, Escherichia coli, 

Staphylococcus aureus, and Pseudomonas 

aeruginosa 

15 

Oleic acid-grafted chitosan Escherichia coli and Staphylococcus aureus 16 

Spray-dried chitosan nanoparticles  Staphylococcus aureus 17 

Chitosan nanoparticles Escherichia coli, S. choleraesuis, S. 

typhimurium, and S. aureus 

18 

Chitosan nanoparticles for crop 

protection 

Phyto pathogenic fungi- Alternaria 

alternata, 

Macrophomina phaseolina and Rhizoctonia 

solani  

19 

Oleoyl-chitosan Phytopathogenic fungi: Nigrospora 

sphaerica, Botryosphaeria dothidea, 

Nigrospora oryzae, and Alternaria 

tenuissima 

20 

Chitosan and trimethyl chitosan 

nanoparticles 

Candida albicans, Fusarium solani, and 

Aspergillus niger. 

21 

Chitosan microparticles Escherichia coli 22 

Chitosan microspheres 

 

Staphylococcus aureus 23 

Chitosan powder Rice sheath blight pathogen, Rhizoctonia 

solani, 

24 

Chitosan solution Staphylococcus simulans 22, 

Staphylococcus aureus 

SG511.Staphylococcus aureus SA113 

(ATCC 35556) 

25 

 

Chitosan has been used as a disinfectant in the forms of membranes, sponges, or surface coatings of water storage 

tanks. It has advantages over other disinfectants because it has higher antibacterial activity, a broader spectrum of 
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activity against bacteria, viruses, and fungi, and is non-toxic to humans. Chitosan-coated membranes were tested for 

their drinking water purification ability in a flow-through membrane filtration system. The filtered water showed the 

maximum removal of coliform bacterial.26 Chitosan is also capable of removing harmful pesticides like permethrin,27 

heavy metal ions such as lead, six hexavalent chromium,28 cadmium,29 and arsenic.30 Therefore, chitosan-based 

biopolymers are potential disinfectants for replacing iodine and silver ions and protecting NASA’s potable water from 

microbial proliferation. 

 

Disadvantages of Chitosan 

 

Chitosan is an effective disinfectant only at acidic pHs (pH<6) because of its solubility and the availability of 

positively charged amino groups.31 The active chemical species must be able to interact with the organism to destroy 

microorganisms in water. Without this physical contact, microorganisms cannot be killed. For example, 

microorganisms may acquire physical protection in water by hiding behind or inside the solid particles or on the 

surface of the container. The best antimicrobial activity is achieved when the disinfectant is distributed uniformly 

throughout the water. To disperse the chemical disinfectant when it is added to the water, it must be mixed effectively 

to ensure that all of the water, however small the volume, receives its proportionate share of the chemical without any 

concentration gradient. In other words, the disinfectant should not create a concentration gradient in water during 

storage. If the disinfectant chemically is not soluble in water, then mechanical mixing devices will be needed to 

disperse the disinfectant throughout the water, which is an additional burden on the water supply system. Therefore, 

any new disinfectant tested to replace iodine or silver in space water systems should be completely soluble in water 

under a wide window of 4-9 pH. Thus, instead of pristine chitosan biopolymers, water-soluble derivatives of chitosan, 

such as carboxymethyl chitosan, were evaluated in this work as a disinfectant material for water processer assembly 

(WPA) in a spacecraft. 

 

Water-soluble chitosan-derivatives 

 

There are two ways to increase the solubility of the chitosan in water. One approach is to prepare chitosan in a 

nanoparticle form. Another method is to functionalize the hydroxy groups with water-soluble groups such as carboxyl 

groups. In this work, both these approaches were investigated, and the best disinfectant that satisfies all the 

requirements of NASA’s water system sanitation was down-selected. 

II. Synthesis of Chitosan and Metal Ions Doped Nanoparticles 

Chitosan, sodium hydroxide, sodium tripolyphosphate, silver nitrate, copper chloride, iron (III) chloride, acetic acid, 

isopropanol, ethanol, polysorbate, and chloroacetic acid were procured from Millipore Sigma Corporation (St. Louis, 

MO). Water-soluble chitosan was purchased from Alfa Chemistry, Ronkonkoma, NY. 

 

In a typical chitosan nanoparticle preparation, an aqueous solution of chitosan was mixed with a polysorbate 

surfactant (Tween 80). Then, a dilute solution of sodium tripolyphosphate (TPP) in water was added in drops to the 

chitosan solution.  A translucent liquid formed after the addition of sodium tripolyphosphate. The mixture was stirred 

and centrifuged at very high rpm. Chitosan nanoparticles were separated by centrifugation. The chitosan nanoparticles 

will be extensively rinsed with distilled water and then freeze-dried and stored for further testing. A number of 

iterations were made to synthesis chitosan nanoparticles using the standard method described above, since the 

literature reports are inconsistent and used a number of variables such as concentration, reaction time, pre and after 

treatments like ultrasonication and shear mixing, presence of additives like Tween 80, etc.  

 

Major conclusions from optimization efforts on the chitosan nanoparticles synthesis are the following: 

 

1. Chitosan should be kept <0.3% concentration in water to avoid larger particle formation. 

2. Chitosan should be dissolved in 1% acetic acid and shear mixed before adding Tween 80 surfactant.  

3. Complete mixing of Tween 80 with Chitosan/acetic acid solution is needed before the dropwise addition of 

TPP.  

4. Shear mixing of the product formed after the addition of TPP is critical in producing nanoparticles. Without 

shear mixing, large globules of precipitate formed, which are difficult to dissolve back in the water after 

freeze-drying. 
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5. It was very difficult to separate chitosan nanoparticles from the reaction mixture. A large portion of chitosan 

nanoparticles was lost during the decantation step, as they do not settle at the bottom of the centrifuge tubes. 

This resulted in a very low yield of the synthesis. In the future efforts, alternate methods need to be 

investigated for scaling up the chitosan nanoparticle synthesis.  This step was one of the bottlenecks in 

producing a large number of chitosan nanoparticles for a variety of testing. However, this feature also 

indicates that chitosan nanoparticles will be stay dispersed in water without agglomeration. 

6. In a typical synthesis, yield per batch was 0.7 g after the freeze-drying step. 

 
The optimized process for the production of nano-chitosan is provided in Figure 3. Photograph of a typical freeze-

dried nano chitosan mat is provided in Figure 3b.  

 

 

 

 

(a)                                                                                                                                            (b) 

Figure 3. (a) Flow chart of nano-chitosan synthesis steps and (b) Photograph of freeze-dried nanochitosan 

 

Metal Ion Doping of Nano-chitosan 

 

Metal ions-loaded chitosan nanoparticles were synthesized by using the literature method32,33 by adding a solution 

of metal ions (100 g/mL) (Ag (AgNO3), Cu (CuCl2), or Fe (FeCl3)) to the chitosan nanoparticle solution (0.38 wt/v 

%. Complete steps involved in the synthesis of metal-doped nanoparticles are provided in Figure 4.  

 

Figure 4. Flow chart of metal-doped nano-chitosan synthesis steps 
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Synthesis of Carboxymethyl Chitosan (CM-Chitosan) 

 

Carboxymethyl chitosan was prepared using the literature method.34  In a typical synthesis, 10 g Chitosan, 13.5 g 

NaOH and 100 mL of water/isopropanol (50:50 vol%) solvent were mixed in a 500 mL Erlenmeyer Flask and stirred 

for 1 hour at 30 C. The mixture was then reacted with 15 g chloroacetic acid in 20 mL of isopropanol.  After 

completion of the reaction, the product was precipitated from the reaction mixture by adding ethanol. The yield of the 

reaction was 10.65g.   

 

IV. Characterization Chitosan-Based Disinfectants 
 

Powder X-ray diffraction (XRD) patterns of chitosan and CM-

chitosan compounds were collected using a Rigaku Mini-flex bench-top 

diffractometer.  All patterns were collected using Co Kα radiation and 

were analyzed using Materials Data’s Jade analysis software.  In Figure 

5, XRD patterns of water-soluble chitosan obtained from Alfa Chem was 

compared with that of Chitosan purchased from Sigma Aldrich. 

 

 

The diffraction pattern of pure chitosan obtained from Sigma-Aldrich 

showed two peaks at 2θ=11.11 deg and 23.61 deg.35 These two peaks are 

considered as typical fingerprints of semi-crystalline chitosan. Water-

soluble chitosan (Alfa Chem) exhibited a broad XRD pattern (20-30 deg), 

indicating poor crystallinity of the product. Nanochitoan exhibited only 

one broad peak centered around 23.6 deg. Peak near 11 deg was absent in 

nano-chitosan, indicating the absence of long-range order due to 

nanosized particles. This also could be due to the deacetylation of 

Chitosan and reduced polymer size. These factors can significantly affect 

the antimicrobial properties of Chitosan.   

 

 

The microstructure and morphology of the Chitosan nanoparticles 

were examined using scanning electron microscopy (Hitachi SU-70 

Schottky field emission gun scanning electron microscope) at the 

University of Maryland, College Park, MD. A typical SEM micrograph is 

provided in Figure 8, indicates the particles sizes are less than 100 nm. 

 

 

Fourier Transform Infrared Spectrum (FTIR) spectrum of chitosan 

derivatives was recorded using Thermo Nicolet NEXUS 670 FTIR 

spectrometer at the University of Maryland, College Park, MD. FTIR 

spectra of Chitosan (Aldrich), Nano-chitosan (MMI), and 

Carboxymethyl Chitosan were provided in Figure 10.  Chitosan and 

Nano-chitosan spectra are similar, albeit with a strong peak at 1050 cm-1
 

corresponding to phosphate groups in the case of Nano-chitosan. 

Carboxymethyl chitosan exhibited peaks corresponding to -CH2COONa 

(1431 cm-1) and COONa (1592 cm-1). The data were similar to the spectra 

reported in the literature.36
 

 

Solubility of Chitosan Derivatives in Water  

 

Solubility test measurements were taken using a Beckman DU®530 

Life Science UV/VIS Spectrophotometer, adjusted to the 600 nm 

wavelength. The instrument was calibrated using distilled H2O, setting 

the base absorption reading at 0. 

 

Figure 5. XRD patterns of chitosan 

(Sigma-Aldrich), water-soluble chitosan 

(Alfa-Chem), and Nano-chitosan. 

 

Figure 6. SEM image of chitosan 

nanoparticles 

Figure 7. FTIR spectra of Chitosan, 

Nano-chitosan, and Carboxymethyl 

Chitosan 
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The water solubility of the CM-chitosan was evaluated from the turbidity of solutions, as described by Chen et al. .29 

2.5% HCl solution was diluted sequentially, in 10:1, 100:1, and 1,000:1 steps, to obtain pH solutions of 2.4 to 6.1. 

Similarly, 0.5% NaOH solution was diluted sequentially, in 10:1, 100:1 and 1,000:1 steps to obtain pH solutions of 

11.7 to 9.3 pH. A total of (8) 50 mL vials of solutions from pH 1.7 to 13 were made.  

Solubility testing of Carboxymethyl Chitosan (CMC) formulation. 2.0 mg of chitosan compounds were weighed 

out into each of the sample vials. 10 mL of each of the individual pH 1.7 to 13 solutions, was added to the 2.0 mg 

chitosan samples. The vials were agitated by hand and left to continue to dissolve overnight.  The solubility range of 

chitosan (Alfa Chem & Sigma), CM-Chitosan, Nano chitosan, and silver doped nano chitosan are provided in Figure 

10.  

 

Samples pH 

1 2 3 4 5 6 7 8 9 10 11 12 
Chitosan (Alfa Chem & Sigma)             
Carboxymethyl Chitosan             
Nano-chitosan             
Silver doped Nano-chitosan             

 

Figure 8. The solubility of Chitosan derivates in water as a function of pH. The solubility pH regions are shaded 

 

Water-soluble chitosan received from Alfa Chem was readily soluble in distilled water and pH below 6. Chitosan 

obtained from Millipore Sigma was dissolved in 1% acetic acid. If the pH of the solution increased above 7, gel 

formation or precipitation of Chitosan occurred in both cases. The only advantage of using the water-soluble chitosan 

is that it does not require acetic acid (typically 1%) to dissolve chitosan. Therefore, 

commercially available chitosan materials are not useful in NASA space 

applications, which will require solubility of disinfectant over a wide range of pH. 

Carboxymethyl Chitosan (CM-Chitosan), Nano-chitosan, and Silver doped 

chitosan dissolved in water over a wide range of pH (1-12 pH) as provided in Figure 

10. Especially Nano-chitosan and metal-doped nano-chitosan are highly soluble in 

water, as shown in Figure 11. In fact, it required high rpm (>5000 rpm) for 

centrifuging to separate these particles from water, even at 1000ppm concentration.  

Among the chitosan derivates examined, silver doped chitosan demonstrated both 

solubility and the best antimicrobial properties and therefore was down-selected as 

a potential disinfectant for water use in space applications. 

 

 

V. 

Antimicrobial Assays 
 

Antimicrobial assays of chitosan (Sigma), and silver doped chitosan nanoparticles were conducted at Alabama State 

University. The sample powders were accurately weighed and added to the phosphate buffer solution to produce 

concentrations of 6.25, 12.5, 25, 50 and 100 g/mL. The tubes were inoculated under aseptic conditions with 50 µL 

of a freshly prepared bacteria suspension. The blank control tubes contained only Muller–Hinton broth. After mixing, 

the tubes were incubated at 37C for 24h.  The samples were treated with resazurin dye, which typically turns pink, 

indicating the live bacteria. The absorption of cultures was determined spectrophotometrically, and the data was 

converted into the percentage of inhibition by normalizing with the control data (without antimicrobial agent addition 

to M-H broth). The data for various types of bacteria are provided in Figure 10.  The data demonstrate the antimicrobial 

activity of both. The data in Figure 14 indicates that silver doped nano-chitosan is relatively more active than chitosan 

(pH 4). EC50 for all the three bacteria tested are also provided in Figure 10 for both silver doped chitosan nanoparticles 

(neutral pH)  and chitosan (pH 4). Both chitosan  and carboxymethyl chitosan at neutral pH exhibited the minimum 

microbial inhibition concentrations on the order of >1000 ppm, indicating that are not effective antimicrobial agents 

Figure 9. Photographs of aqueous solutions of (a) Nano-chitosan (b) 

Silver doped Chitosan and (c) Chitosan as a function of pH. Bulk 

chitosan precipitates into a gel above pH 6 (Due to the transparent 

nature of the gel, it is not showing up clearly). 
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for water sanitation. Silver doped chitosan nanoparticles are soluble in water under a wide range of pH and demonstrate 

excellent antimicrobial properties and are more suitable for space applications as disinfectants for water.  

 

 
Figure 10. Antimicrobial property of silver doped chitosan against microorganisms (a) Staphylococcus aureus 

(b) Staphylococcus epidermidis and (c) Escherichia coli and (d) Minimum Inhibitory Concentration (MIC) of 

silver doped chitosan (pH = 7) and chitosan (pH=4) against microorganisms. 

 

VI. Toxicological Safety Testing 
 

Mammalian Cell Cytotoxicity – Direct Contact Test  

 

The FDA relies on the human health toxicity data of the new medical products to assess the potential hazard to humans. 

These tests are required by the FDA to determine their biocompatibility and approve any disinfectant products for 

human consumption.  Antimicrobial agents from disinfectants are typically released into the water and can cause some 

level of toxicity toward mammalian cells.37  The level of cytotoxic responses of silver doped chitosan nanoparticles 

in the water on L-929 Mouse Fibroblast Cells was evaluated using a direct contact test according to ISO 10993-

5:200938 at Pacific BioLabs, Hercules, CA. 

 

Silver doped chitosan at 10-ppm and 50-ppm concentrations were sent to Pacific Biolabs for cytotoxicity testing. 

Silver doped chitosan at 50 ppm concentration was found to be antimicrobial. The samples were used as-received in 

the cytotoxicity testing. After the 48 – 72 hour plating period, the growth medium from triplicate 10 cm2 wells, each 

containing a monolayer of L-929 mouse fibroblast cells (ATCC Cell Line CCL 1, NCTC Clone 929), was decanted 

and replaced with 2 mL of Dulbecco’s Phosphate Buffered Saline (PBD) to wash away any debris. The PBS was 

decanted and replaced with 0.8 mL of 5% serum-supplemented cell culture medium (MEM). Neutral Red stain was 

also mixed with the MEM prior to transfer to the cell culture wells. For every 2 mL of MEM, 20 mL of Neutral Red 

stain was added. 

 

A sterile filter paper with a flat surface measuring 1.0 cm2 total surface area was saturated with ~0.1 mL of the test 

article (10 ppm and 50 ppm silver doped chitosan) and placed directly on the cell culture monolayer in the center of a 

10 cm2 well. Triplicate preparations were prepared. USP Reference Standard High Density Polyethylene (HDPE) was 

used as a negative control. Latex surgical glove was used as a positive control. All wells were incubated in a humidified 

incubator with 5 ±1% CO2 at 37 ± 1C for not less than 24 hours. After incubation, the test articles and controls were 

removed from the wells. The cell cultures were examined under an inverted light microscope at 100X magnification 

for the cytotoxic response. The direct contact cytotoxicity grade scoring are provided in Table 2.  

 

The test articles 10 ppm and 50 ppm silver doped chitosan were tested for cytotoxictity according to 

ANSI/AAMI/ISO 10993-5:2009 standard test method. The L-929 mouse fibroblast cells (ATCC Cell Line CCL 1, 

NCTC Clone 929) were exposed to test solutions.  After incubation, the test articles and controls were removed from 
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the wells. The cell cultures were examined under an inverted light microscope at 100X magnification for cytotoxic 

response. 

Table 2. Direct Contact Cytotoxicity testing of Ag-Chitosan 

 

Test Item Plate 1 Grade Plate 2 Grade Plate 3 Grade 

Positive Control Moderate 3 Moderate 3 Moderate 3 

Negative Control None 0 None 0 None 0 

10 ppm Silver doped 

Chitosan 

None 0 None 0 None  0 

50 ppm Silver doped 

Chitosan 

None 0 None 0 None 0 

 

Static-ISO Specifications: The test interpretation for the qualitative evaluation is based on the reactivity grades as 

follows: ISO Scoring Key: 0 = None; 1 = Slight; 2 = Mild; 3 = Moderate; 4 = Severe. The achievement of a numerical 

grade greater than 2 is considered a cytotoxic effect. Therefore, according to the data provided in Table 2, silver doped 

chitosan nanoparticle were not considered to have a cytotoxic effect (no reactivity) at <50 ppm concentation. 

 

Renewal Fish Embryo Acute Toxicity (FET) Screening Test with Zebrafish. 

 

Toxicity to embryonic development utilizing Zebrafish embryos is a high-bar screening test used as an early 

indicator of potential safety issues surrounding a given test substance. As a 1st-line safety indicator, the FET can be 

used to shape the scope of supplemental toxicity testing requirements. For example, while a given effect of a test 

substance on embryonic development may be apparent, Phase II follow on testing to measure the levels of safe 

exposure for developing juvenile and adult Zebrafish, and possible effects on later spawning activity should reasonably 

be considered. In this screening study, the acute effects of a test substance on the embryotic stages of the Zebrafish 

(Danio rerio) were evaluated during an exposure period of 96 hours under static-renewal conditions. Examples of 

Zebrafish embryos and hatchlings are shown in Figure 11. 2 of 18 embryos hatched and completed the 96 h test period 

in the 10 ppm Ag-Nano-chitosan solution. No embryos showed signs of viability in the 50 ppm Ag-Nano-chitosan 

solution.  

 

Figure 11.  Basic test setup for static-

renewal fish embryo acute toxicity (FET) 

screening test with zebrafish  

 

(a) Zebra fish control embryos 

(b) Zebra fish 10 ppm Ag-Doped chitosan 

embryos 

(c) Zebra fish control hatchlings @ 96 h 

(d) Zebra fish 10 ppm Ag-Doped chitosan 

hatchlings @ 96 h 

 

 

 

 

 

 

 

III. Conclusion 

The present work demonstrated the potential of the metal-doped nano-chitosan as disinfectants for drinking water 

in space applications. During this work, nano-chitosan was produced in 1 g-quantities per batch. For exhaustive 

antimicrobial and toxicity studies, a large amount of nano-chitosan derivatives will be required. Therefore, in the 

future activities, scaleup of production of nano-chitosan and its metal derivatives will be given higher priority. Zebra 
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fish testing has provided caution to the use of silver doped chitosan. However, cytotoxicity testing was negative on 

silver doped chitosan. These results should be further confirmed by preparing silver doped nano-chitosan under sterile 

conditions. Sourcing of raw chitosan also needs to carefully selected to avoid any impurities creeping into the final 

nano-chitosan products. Quality control in the production of nano-chitosan and metal-doped nano-chitosan is critical 

in eliminating the uncertainties in the results. Chitosan nanoparticles could be considered as “fines” which my damage 

valves and clog filters. This issue need to be addressed in the future work. 
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