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Abstract. The life support system of the International Space Station must include the provision of drinking water
to the crew and the treatment and disposal of wastewater. The cost of water delivery to the ISS is very high, so it
is necessary to improve the technological schemes of wastewater treatment in space in order to reuse water in a
complete closed cycle. The studies were performed based on the analysis of Ukrainian and foreign scientific sources
and reporting data on the specifics of water use at space stations and the treatment methods of the used waters
(wastewaters). In addition to international experience, our own research was used to develop a technology for
wastewater treatment in space. The authors of the article analyzed the operation of existing wastewater treatment
facilities in space and made recommendations for their use at the ISS. The developed technology for the treatment
ofwastewater and drinking water in zero-gravity (space) is based on the use of various reactors. They can be made
of various materials (metal, plastic, etc.); they do not contain non-standard equipment that requires factory
manufacturing. Compactness, complete tightness and small dimensions of bio- and physicochemical reactors allow
them to be installed within the ISS. The cleaning process is easy to manage and can be fully automated. Water
problems are central to the whole world, including in space. The ISS should have a system for the wastewater
treatment and their closed use, since the supply of new water to stations significantly increases the cost of space
exploration. Quality water is the health and well-being of people in space. Since there is no gravity in space,
centrifugal forces (centrifuges) must be used to separate suspended particles from water. A comprehensive review
of the issues related to wastewater treatment in space, allows us to conclude that it is necessary to regenerate water
at International space stations (ISS). Indeed, to ensure the life support of the astronauts, a colossal amount of
water is required, and its delivery to the ISS from the Earth is expensive.
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AnHotanusi. Cucrema xusHeoOecneyeHnst MeKIyHAPOJHOH KOCMUYECKOH CTaHIMHU 00513aTe/IbHO BKJIIOYAaeT B
cedst o0ecneyeHne IKMINAKA BOJIOI MUTHEBOI0 Ka4ecTBa, OYNCTKY U 00€3Bpe:KMBaHUE CTOYHBIX BOA. CTOUMOCTH
noctaBku Boasl B MKC odennr BbICOKa, MOITOMY HEOOXOIHMMO COBEPIIEHCTBOBATH TEXHOJIOTHYECKHE CXeMbI
OYHCTKH CTOYHBIX BOJ B YCJOBHSIX KOCMOCA C IEJIbI0 MOBTOPHOT0 UCHOJIb30BAHNUS BOAbI B MOJHOM 3aMKHYTOM
nukJiie. MccieioBannsi BHINOJTHEHB! HA OCHOBAHHM AHAJIN3a YKPAWHCKHUX H 3apy0e:KHBIX HAYYHBIX HCTOYHUKOB H
OTYETHBIX JAHHBIX 0 crieln(UKe UCIOJIL30BAHUSA BO/IbI HA KOCMUYECKUX CTAHIUSAX M CIIOC00AaX 0UMCTKH CTOYHBIX
BoA. Jlasi pa3pabdoTKH TEXHOJOTMH OYHCTKH CTOYHBIX BOJ B YCJIOBHSAX KOCMOCA KpPOMe MHPOBOTO ONBITa
HCI0JIb30BaHbI COOCTBEHHBIE HCCIEJOBAHUSI. ABTOPbI CTATHH MPOBEJIHM AHAJIU3 Pa0OThI CYyIIECTBYIOIIHX MOCTPOEK
M0 OYHCTKe CTOYHBIX BOJ B YCJIOBHSIX KOCMOCA H MPeACTABHIH PeKOMEeHAlMH N0 UX HcnoJb3oBanuio Ha MKC.
Pa3paGoTanHasi TeXHOJOTHsI IS OYHCTKH CTOYHBIX M NMHUTHEBBIX BOA B YCJIOBHSIX HEBECOMOCTH (KOCMOCA)
OCHOBBIBAETCSI HA UCMOJb30BAHNN PeaKTOPOB. PeakTopbl MOTYT OBITH BBHINOJIHEHBI U3 PA3IUYHBIX MATEPHATIOB
(MeTa1, MJIACTHK W /p.), OHH He COJEPKAT HECTAHJAAPTHOr0 0OOPYIOBaHHs, TPEGYIOIIEro 3aBOJACKOr0
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H3roroBieHus. KoMmnakTHocTh, MOIHAS FePMETHYHOCTh M He0O/IbIINEe TadapuThl 0H0- M GU3NKO-XHMHYECKHX
PeaKTopoB MO3BOJSIIOT ycTaHaBauBaTh nX BHyTpH MKC. IIponecc 04nCTKH NPOCT B YNPAaBJIEHHH  MOXKeET ObITh
NOJHOCTHI0 ABTOMATH3MPOBaH. BojHble Mpo6.1eMbl IVIABHBI BO BCEM MHPE, B TOM YHCJIe U B YCJIOBHAX KOCMOCA.
Ha MKC nostzkHa ObITH IIpeyCMOTpeHA cHCTeMa 10 00padoTKe CTOYHBIX BOJ U MX 3aMKHYTOMY HCI0JIb30BAHUIO,
MOCKOJIbKY CHa0KeHHe CTAHIMIl HOBOIl BOJON 3HAYHTEIHLHO YBEeIHYHBAET CTOMMOCTh OCBOCHHSI KOCMHYECKOT0
npocrpancTBa. KauecTBenHasi Boia — 3T0 310poBbe M OiaromoJiyuyHasi padoTa Jilofeil B yCJOBHSIX KocMoca.
IockoJbKY B KOCMOCE OTCYTCTBYeT IPAaBUTALUs, JJIsl OTHAeJeHHs B3BEUIEHHBIX BEIIECTB OT BOJABI CleayeT
HCMO0JIb30BaTh LeHTpPoOexkHble cHibl (neHTpudyru). KommiexkcHoe paccMoTpeHHe BONPOCOB, CBS3AHHBIX C
OYHNCTKOI CTOYHBIX BOJ B YCJIOBHSIX KOCMOCA, MO3BOJIAET 3aKIIOYATh HEOOXOAMMOCTh pereHepaluu BOAbI Ha
Mexaynapoaubix kocmudeckux cranuusax (MKC). Beas nis o6ecnedeHus sKu3HeAesiTeIbHOCTH KOCMOHABTOB
HY:KHO K0JIOCCAJbHOE KOJIHYECTBO BOABI, a ee JocTaBka Ha MKC ¢ 3emuin oueHb 1oporas.

Kurouesble ciiopa: OUNCTKA CTOYHBIX BOJI; KOCMOC; COOPYXXEHHUSA 11O OYUCTKHU CTOYHbBIX
BOJ; TEXHOJIOI's1 OYUCTKHA BOJ B YCJIIOBUAX KOCMOCA; CUCTEMA )KU3HEOBECIIEYEHUSI
B KOCMOCE
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Anotauis. Cucrema xxkurrte3adesnedyeHHss MizkHapoHoOi KocMiuHOT cTaHUil 000B’A3K0BO BKJII0OYA€ 3a0e3neYeHHs
eKiNasKy BO/10I0 THTHOI IKOCTi Ta OYMCTKY i 3HEIIKO/IKeHHs CTiYHUX BoA. BapricTs 1ocraBku Boan 1o MKC ny:xe
BHCOKA, TOMY HEOOXiIHO BIOCKOHAJIOBATH TEXHOJIOTiYHi CXeMH OYMIIEHHSI CTiYHHX BOJ B yMOBaX KocMmocy 3
MeTO010 MOBTOPHOI0 BHKOPUCTAHHSI BOAM B NOBHOMY 3aMKHEHOMY HukJji. JlocitigkeHHs BHKOHaHI Ha mincrasi
aHaJIi3y YKpaiHCBKHX i 3apy0iKHUX HAYKOBHX /iKepeJi i 3BITHHX AaHUX Npo crnenudiky BUKOPUCTAHHA BOAM Ha
KOCMIiYHMX CTAHIAX i cmoco6ax oymmeHHs cTiYHUX BoA. JIsi po3podKu TexHoJIorii OUMIeHHs CTIYHMX BOJA B
YMOBaxX KOCMOCY, OKpPiM CBiTOBOI0 10CBily, BUKOPHMCTaHi BJIACHI A0C/izKeHHs. ABTOPH CTATTi NPOBeJH aHAJI3
po0OTH iCHYIOUHX CIOPYI IO OYUIIEHHIO CTIYHHX BOJ B YMOBaxX KocMoOcCy i MpeAcTaBHJIH peKoMeHAANil mo ix
pukopucrannio Ha MKC. Po3po6iena TexHoJ10risi 1751 OYNIIEeHHs CTIYHHX i MUTHAX BOA B YMOBAaX HEBaroMocTi
(KocMocCy) IPYHTYEThCS HAa BUKOPUCTAHHI peakTopiB. PeakTopu Mo:KyTh OyTH BMKOHAHIi 3 pi3HMX MaTepiajiB
(MeTaJ, IJIACTHK Ta iH.), BOHM He MICTATH HECTAHJAPTHOIO0 YCTATKYBAaHHH, fIKe BHMMAara€ 3aBOJCHKOI0
BUIroTOBJIeHHsI. KoMnakTHicTh, TOBHA repMeTHYHICTD i HeBeuki radapuru 6io- i ¢isuxo-xiMiuHux peakropin
J103BOJISIIOTH BCTaHOBIIOBATH iX B Me:kax MKC. IIponec ounnieHHst NpocTuii B ynpasJiHHi i Moke 6yTH MOBHiCTIO
aBToMaTH30BaHui. BoaHi npodieMu € ro10BHUMH Yy BCbOMY CBiTi, y ToMY 4mcii i B ymoBax kocmocy. Ha MKC
Mae O0yTH nepeadadena cucreMa 1o o6poodui cTivHuxX Boj Ta iX 3aMKHYTOr0 BHKOPHCTAHHS, OCKIILKHU MOCTAYAHHS
cTaHNiil HOBOIO BO/0I0 3HAYHO 30i1bIIY€E BAPTICTh 0CBOEHHSI KOCMIYHOr0 npocropy. SIkicHa Boaa - ue 310poB’s i
fs1aromostydHa po6ora Jiofeii B yMoBax kocmocy. OcKilbKH B KOCMOCi BiicyTHsI rpaBitanisi, Ans Bimginennst
3Ba’KEHUX PEYOBHMH Bill BoJAu Tpeda BUKOPUCTOBYBATH BillleHTPOBI cuiiu (neHrpudyru). KommiekcHuii posriasy
NHTAHb, 110 MOB’SI3aHi 3 OYMINEHHS M CTiYHHX BOJ B YMOBaX KOCMOCY, A03BOJISIE 3POOMTH BHMCHOBOK IpO
HeoOXigHicTh pereHepamii Boagn Ha MixkHapoauux kKocMiyHux craHuisx (MKC). Amke s 3a0e3nmedeHHs
JKUTTEAISIIBHOCTI KOCMOHABTIB NMOTPiIOHO KO/10CANBHY KiIbKicTh BoaH, a ii goctaBka Ha MKC i3 3emai € ay:xe
J0pPOroIo.

Kurouosi cioBa: OUMIEHHS CTIHHUX BO/[; KOCMOC; CIIOPY /I 11O OYUIIEHHIO CTIHHUX BO/;
TEXHOJIOT'ISI OYUIIEHHS BOJ B YMOBAX KOCMOCY; CUCTEMA KUTTE3ABE3IIEYEHHS B
KOCMOCI

Introduction construction (2004) , the 1SS was 88 meters

The International Space Station (ISS) long and 109 meters wide, and in terms of the

is a permanent research laboratory in space, volume of living and working premises the

the fruit of the labor of more than 100,000 station was comparable to two Boeing-747

people. Most of them work in Canada, Russia jet liners. The weight of this structure in the
and the United States of America, others in end is about 520 tons (Fig. 1) [1].

Belgium, Brazil, Great Britain, Germany and
other countries. After the completion of

195



Figure 1 - The International Space Station

Electrical, computer and hydraulic
communications are laid on the surface of the
modules, through which electricity is
transmitted, drinking water and water of the air
cooling system passes.

The state close to zero gravity plays an
important role in scientific research carried out
on board the ISS. The force of gravity at the
station altitude (400 km) is a million times less
than what we experience on the surface of the
Earth. On Earth, a thrown pencil will fly a
distance of 2 m in 0.5 s, and on board the ISS
it will take ten minutes. This huge «house»,
consistingr of many modules, can
accommodate crews of up to seven or more
people.

Formulation of the research problem

All the water available at the space
station is delivered by cargo ships. It is spent
on food, hygiene procedures, and support of
the station’s technical systems. The technique
calculates literally every gram of excess
weight, so it is impossible to take it with a
margin. On board with a huge amount of state-
of-the-art technology, scientists and engineers
work under strict water economy conditions.

The key point in its recovery is water
purification. The purification system collects
all sorts of water: leftovers from cooking, dirty
water from washing, and even the sweat of
astronauts. Water recovery means getting it
again. But it is impossible to regenerate water
unless it is first brought in from Earth. The
regeneration process itself reduces the cost of
space flights and makes the ISS system less
dependent on terrestrial services [2].
Consequently, the water supplied from Earth is
used many times on the ISS.
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Solution of the problem

The research was carried out on the
basis of an analysis of Ukrainian and foreign
scientific sources and data reports on the
specifics of water use at space stations and
methods of wastewater purification. To
develop a technology for wastewater
purification in space, in addition to the
general world experience, own research was
used.

Water issues are on rise all over the
world, and the same is about space. The ISS
should be provided with a system of
wastewater purification and it’s multiple
looped use, since the supply of new water to
the stations significantly increases the cost of
space exploration. High-quality water is the
health and well-being of people in space.
Since there is no gravity in space, centrifugal
forces (centrifuges) should be used to
separate suspended solids from water.

Now the ISS implements
methods of water regeneration:

- condensation of moisture from the air;

- waste water purification;

- processing of urine and solid waste.

The ISS is equipped with special
equipment that condenses moisture from the
air. Moisture in the air is natural, it exists both
in space and on Earth. In the process of vital
activity, astronauts can release up to 2.5 liters
of liquid per day. In addition, the ISS has
special filters for the purification of used
water. But considering how astronauts wash,
household water consumption is significantly
different from that of the earth. Urine and solid
waste recycling is a new development that has
only been used on the ISS since 2010.

Currently, the ISS requires about 9000
liters of water per year to operate. This is a
generalized figure that reflects all costs. Water
on the ISS is recovered by about 93%, so the
supply volumes are significantly lower. But do
not forget that with each complete cycle of
water use, its total volume decreases by 7%,
this makes the ISS dependent on supplies from
Earth.

Modern Russian water regeneration
systems SRV-K2M and Electron-VM make it
possible to provide astronauts on the ISS with
water by 63% [3]. Biochemical analysis
showed that the regenerated water does not
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lose its original properties and is completely
drinkable. Scientists are currently working to
create a more closed system that will provide
astronauts with 95% water. There are prospects
for the development of purification systems
that will provide a 100% closed cycle.

The new integrated life support system
for the International Space Station is based on
a water recycling system using specially
designed filters and chemical processes that
purify waste fluids, especially astronaut’s
urine and sweat, so that they are converted into
fresh drinking water (Fig. 2) [4].

urine

[ rotating drum ]

water vapor

compression in an energy efficient
distillation process

purified urine distillate

combining with cabin moisture
(astronauts sweating and breathing)

filtration through a bed of particles
and absorbent materials

water purification from other organic
contaminants in the process of
high-temperature catalytic oxidation

removal of CO,
and other gase

lodine addition (disinfection)
purified water

water tank
Figure 2 - Technological scheme of how
astronaut’s urine if purified into drinking
water, developed at Marshall Space Flight
Center of NASA (USA) and installed in the
laboratory of the ISS

The system, which can produce 2,800
liters of water per year, is fundamentally
important because it allows the ISS to
accommodate six crew members, not three,
and reduces the requirement to the amount of
fresh water, which is very expensive to bring
into the spacecraft from Earth. To send 1 kg of
cargo into space, you need to spend 40,000
dollars, and 1 liter of water in space costs
70,000 dollars. These purification facilities are
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very important for the life at the station and
such systems are the key to the upcoming
human missions to the Moon and Mars.

The system was developed at Marshall
Space Flight Center, in Huntsville, Alabama. It
entered orbit in November 2008 aboard Space
Shuttle Endeavor.

In this system, urine is directed into a
drum that rotates at high speed, which releases
water vapor. This vapor is compressed in an
«energy efficient distillation process» and
produces a «refined urine distillatex» that is not
yet pure enough for astronauts to drink.

This distillate is then combined with
other wastewater sources (cabin water, which
was produced by the sweating and breathing of
astronauts). The pooled wastewater is passed
through a granular filter and absorbent bed of
materials used in commercial honeycomb
water purification systems.

At the last stage, to purify the water from
the remaining organic contaminants, the water
goes through a high-temperature oxidation
process. The water heats up and oxygen is
injected to oxidize contaminants into carbon
dioxide and other gases that are easier to
remove. Water disinfection is carried out by
adding iodine.

To evaluate the system’s performance,
drinking water samples are continually
collected and sent back to Earth for testing.

The new system is part of a plan to
increase the number of crew members who can
adequately live on the ISS without relying
heavily on supplies from Earth.

The water purification system is a small
but fundamental part of NASA’s ISS
modernization. NASA has also sent in new
crew housing and simulators.

Providing astronauts with enough
drinking water is one of the tricky parts of
defining long-term space travel. Water is
heavy, quickly consumed, and the path to orbit
is expensive. By comparison, a spacecraft
launch costs $ 10,000 a pound, and a gallon of
water weighs 8.33 pounds (a gallon is 3.785
liters) [5].

Astronauts are limited to three gallons of
water a day when in space, but even such
restrictions do not greatly reduce the cost of
their stay in orbit, which costs $ 249,000 a day.
Astronauts have been drinking purified urine



since 2009, but the system they are using now
is heavy, slow, and prone to breakage.

Therefore, astronauts on the ISS are
testing a new method proposed by the Danish
biotechnology company Aquaporin A/S [6].
This system uses a filter that contains
aquaporin proteins that only remove pure
water from urine, sweat, sewage and other
sources of fluid in space. Aquaporin molecules
are proteins that live inside cell membranes
that are very efficient at allowing water to pass
through and trapping other impurities. These
proteins are used as building blocks in the
manufacture of membranes.

The filter works basically the same way
as our Kidney (Fig. 3). The system consists of
two tubes connected to an energy source. It
draws a liter of urine from one container
through a filter and discharges it into another
container in less than a minute. The device is
small, lightweight and less prone to clogging
than the filters currently in use.

Aquaporin A/S has been working with
NASA since 2011 and is being tested on the
ISS in space.

The purpose of our article is to develop a
technology for purifying waste (used) water in
space. The first steps are being taken in this
direction, that will require more detailed study
and research in the future.

The research was carried out on the basis
of an analysis of Ukrainian and foreign
scientific sources and data reports on the
specifics of water use at space stations and
methods of wastewater treatment. To develop
a technology for wastewater purification in
space, in addition to world experience, we used
our own research [6].

It is quite obvious that in the conditions
of long-term space flights, the use of water
supply systems based on reserves is
impossible. In this regard, one of the most
priority tasks is the development of a
technological scheme for water regeneration

[7].

In space, the following data are used in
calculating water used by a single person per
day [8]:

- 2.2 liters - drinking and cooking costs;

- 0.2 liters - hygiene;

- 0.3 liters - flushed the toilet.
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urine, sweat, wastewater,
condensate

[ urine container 1

filter membrane of the 1st degree,
in which proteins live inside the cell
membranes - molecules of aquaporins

- 4

s M

a tube for extracting water from the container
through the filter membrane

water container

water container
filter membrane 2nd grade

water extraction tube

clean water container

Figure 3 - Technological scheme of
wastewater treatment at the ISS, developed
by the Danish biotechnology company
«Aquaporin A/S»

The first time water regeneration in
space was carried out at the Salyut-4 space
station in January 1975. In the system for the
recovery of water from condensate (SRV-K),
water was regenerated from atmospheric
moisture to the condition of drinkable water.
Subsequently, similar systems operated at the
Salyut-6, Salyut-7, and Mir stations. At the Mir
station, a system for the regeneration of water
from urine was in use, and the system for the
regeneration of sanitary and hygienic water
was tested [9].

It is important to note that due to the
influence of space conditions, calcium in the
urine of astronauts is greatly increased. Filters
for urine processing, designed on Earth, are not



designed for such biochemical composition of
urine and therefore quickly deteriorate.

The sedimentation of used water does
not work in space, since there is no gravity, but
it can be successfully replaced with nettling
centrifuges of a special design.

Structures for the purification of waste
and drinking water in zero gravity (space)
conditions can be different reactors. Such
reactors can be made of various materials
(metal, plastic, etc.) they do not contain non-
standard equipment that requires factory
production [10]. The compactness, complete
tightness and small dimensions of the bio- and
physicochemical reactors allow them to be
installed inside the ISS. The cleaning process
is easy to operate and can be fully automated.
The number of necessary controlled
parameters is minimal, for example, for
aerobic bioreactors, these are temperature, pH,
and chemical oxygen demand (COD) of the
treated effluent. The process is resistant to both
peak loads and changes in the quality of the
incoming water.

According to the wastewater purification
method, reactors are divided into [10]:

1. Biological, which in turn are
classified:

- air supply;

- for the immobilization of

microorganisms in the apparatus;

- by design features;

- by design
characteristics.

2. Physicochemical
electrochemical, physical, etc.).

3. Bio- physical and
(membrane bioreactors).

On the ISS, the use of gases (chlorine,
ozone, etc.) for disinfecting water poses a
danger to astronauts in case of a leak.

These days, an expensive water
disinfection unit based on special ultraviolet
lamps is used in passenger aircraft to disinfect
drinking water [11]. Such system need to have
its lamps replaced every 3000 operating hours,
which is costly.

The new water disinfection system
developed by the Canadian company
International Water Guards uses ultraviolet
light-emitting diodes [12]. Thus, it was
possible to reduce the cost of the system

and technological
(chemical,

chemical

199

compared to the system using UV lamps.
Therefore, we recommend this system for the
disinfection of waste and drinking water on the
ISS.

The above emphasizes the thesis of both
the necessity and the possibility of water
regeneration at the International Space
Stations. The technological scheme developed
by the authors (Fig. 4) implies the treatment of
wastewater at the ISS and their closed use.

As noted above, in conditions of space
and the absence of gravity, the use of
sedimentation tanks is useless. Therefore, we
propose to install settling centrifuges of special
designs for wastewater sedimentation and sand
removal [13, 14]. For the purification of water
from dissolved substances, we offer reactors,
or rather membrane bioreactors of a new
generation [15].

wastewater from
the International Space Station

4 N
water storage
\ 4
a B
specially designed settling centrifuge
\ 4
- I
MBR-type reactor
A 4

ultraviolet LED water disinfection

purified water tank

Figure 4 - Technological scheme of wastewater
treatment at the International Space Station

Membrane bioreactors (MBR) are
modern high-intensity biological wastewater



purification facilities [16]. In contrast to the
classical biological treatment scheme with
separation of the sludge mixture in secondary
sedimentation tanks, in membrane bioreactors,
the separation of activated sludge flakes from
treated wastewater is achieved by filtering the
sludge mixture through an ultrafiltration or
microfiltration membrane with a pore size in
the range from 0.04 to 0.04 micron.

The main component of an MBR is a
cartridge consisting of membrane modules.
Membranes can be in the form of a hollow
fiber or two flat sheets with a polymer backing
[10, 17]. The cartridges are put directly in the
sludge mixture. A self-priming pump creates a
negative pressure on the inner surface of the
diaphragms. Thus, due to the pressure
difference between the outer and inner surfaces
of the membrane, the wastewater is filtered
through the membrane layer. The resulting
clean water (permeate) is removed by a filtrate
pump.

Individual microorganisms (bacteria) of
activated sludge have a size that is significantly
larger than the pore size of the membranes.
Therefore, the membrane retains flakes of
activated sludge, microorganisms and
suspended inert substances floating freely
during the filtration process, and are removed
from the membrane surface using an aeration
system.

Advantages of using MBR:

1) fewer structures - MBR replaces
secondary sedimentation tanks, aeration tanks
and sand filters;

2) compactness - the concentration of
activated sludge in MBR is several times
higher than in traditional structures,
respectively, the volume of structures is the
same number of times less;

3) the possibility of year-round
nitrification even in cold climates - in
traditional structures, with a decrease in

temperature, the growth rate of nitrifiers
decreases, and they are washed out of the
reactor;

4) selection of microorganisms capable
of oxidizing bioresistant substances - slowly
growing microorganisms with such ability
thanks to the membrane are not washed out of
the reactor. Consequently, the cleaning
efficiency for heavily oxidizing substances in
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the MBR is much higher than in the aeration
tank-settler system;

5) automatic process convenience - the
process is fully automated;

6) safe operation - the operation of the
facilities does not depend on the settling
capacity of the sludge (sludge index), its
swelling, etc .;

7) waste water disinfection - the pores of
the membranes are smaller than the size of a
bacteria.

And, in conclusion, we suggest using
UV-LED lamps for water disinfection. In
conditions of space and the absence of gravity
for the movement of water, we propose to use
pumps of a new generation.

Scientific novelty

An analysis of the operation of existing
wastewater purification facilities in space
conditions is carried out, recommendations
for their use on the ISS are presented. The
developed technology for the purification of
waste and drinking water in zero gravity
(space) conditions is based on the use of
reactors. Reactors can be made of various
materials (metal, plastic, etc.) they do not
contain non-standard equipment that requires
factory production. The compactness,
complete tightness and small dimensions of
the bio- and physicochemical reactors allow
them to be installed inside the ISS. The
purification process is easy to operate and
can be fully automated.

Conclusions

On board the ISS, water is used not only
for drinking, but also for the life of the crew
and the functioning of the station’s systems.
Water is an essential component for the
recovery of freeze-dried foods.

We have developed a technology and
proposed a scheme for the purification of
wastewater in space. The work of existing
wastewater purification facilities in space was
also analyzed and recommendations for their
use on the ISS were developed.

The ISS should be provided with a
system for wastewater treatment and their
closed use, since supplying stations with new
water significantly increases the cost of space



exploration, and high-quality water means
health and prosperous work of people in space.
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