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ABSTRACT

The nano-enabled technologies for water purification include a variety of
different types of membranes and filters based on carbon nanotubes,
nanoporous ceramics, magnetic nanoparticles, nanosized zerovalent iron
used for the removal of metals and organic compounds from water, and
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other nanomaterials. Nanosensors, such as those based on titanium oxide
nanowires or palladium nanoparticles are used for analytical detection of
contaminantsin water samples. A careful weighing up of the opportunities
and risks of nanotechnology with respect to their effects on the environ-

ment and health is needed.

INTRODUCTION

Cleanwater isaregquirement for al properly func-
tioning societiesworldwide, but isoftenlimited. New
gpproachesare continually being examined to supple-
ment traditional water treatment methods. Theseneed
to belower in cost and more effectivethan current tech-
niquesfor theremoval of contaminants from water.
Nanotechnol ogy bridges scientific disciplinessuch as
chemistry, biology, physics, and engineering and pro-
vides a wide range of applications. Environmental
nanotechnology isconsidered to play akey roleinthe
shaping of current environmental engineering and sci-
ence. Nanotechnology utility in purification of water
isnow beingredlized. It hasbeen found that itismuch
easier to deal with water purification and desdination
at nano scale. The options for treating water using
nanotechnol ogies depend on the demand. Everything
that isundesirablein drinking water, for example, dirt,
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bacteria, viruses, organic compounds, pesticides, heavy
metds, radionuclides, nitrate, phosphate, calcium, sul-
phate, etc. can beremoved using certain processes?3.
Nanotechnol ogy has been used for sometimeinthe
preparation of drinking water with membranefilters, and
itspotentia isenormous. There areno environmental
risksaslong as nanoporesare used.
Unlikemembranes, theuse of nanoparticlesinwa-
ter treetment isgtill initsinfancy. Nanoparticlesarenow
dsoplayingaroleinwater treetment, becausethey have
alarge specific surface making them suitable asadsorp-
tion materia that can efficiently removeorganicaswell
as inorganic substances such as nitrate from water.
Water purification using nanotechnology exploits
nanoscopic materials such as carbon nanotubes and
aduminafibersfor nandfiltration, aswel asnanocatayss
and magnetic nanoparticles. Nanosensors, such asthose
based on titanium oxide nanowires or palladium
nanoparticlesare used for anaytical detection of con-
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taminantsin water samples. The nano-enabled tech-
nologiesincludeavariety of different typesof mem-
branes and filters based on carbon nanotubes,
NanopOorous ceramics, magneti c nanoparticlesand other
nanomaterias. Nanofiltration membranes can produce
potable water from the brackish groundwater.

NANOFILTRATIONTECHNOLOGIES

Nanoafiltration technologiesarewiddly used for the
production of safedrinking water, and for therecovery
of reusable water from various industria effluent
streams. The poresizes of the membranesin nanofil-
ters are below 100 nanometers and thus even small
satsor virusesfind it hard to passthrough. Thebasic
principleof nano-filtrationliesinthefact that thechemi-
cal properties of basic e ementsinvolved tend to be
different and easier to manipulate at amolecular or
atomiclevel. Hence nano-filtration tendsto be abetter
process. Besides, the operating costs of nano-filtration
arelower. There have been concernsregarding toxicity
of nano particlesinwater purification. Toxicity aspects
of nanafiltration need to be checked®.

Nanotechnology offers the potential of novel
nanomateria sfor treatment of surfacewater, ground-
water, and wastewater contaminated by toxicmetd ions,
organic and inorganic solutes, and microorganisms. The
current research on different nanomaterials
(nanostructured catal ytic membranes, nanosorbents,
nanocatal ysts, and bioactive nanoparticles), their ap-
plicationinwater trestment, purification, disinfection,
and toxicological effectsof engineered nanomaterials
on humansand the environment hasbeen reported™.

Thepotentia impact areasfor nanotechnology in
water gpplicationsaredivided into three categories:

i) Treatment and remediation: Here,
nanotechnol ogy hasthe potential to contributeto
long-termwater qudity, availability, and viability of
water resources, such as through the use of ad-
vancedfiltration materid sthat enablegreater water
reuse, recycling, and desdinization.

ii) Sensingand detection: Inthiscategory, thefocus
ison the development of new and enhanced sen-
sorsto detect biologica and chemica contaminants
at verylow concentrationlevelsintheenvironment,
includingweter.
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iii) Pollution prevention: Pollution prevention by
nanotechnol ogy referson the one hand to areduc-
tionintheuse of raw materials, water or other re-
sources and the elimination or reduction of waste
and on the other hand to more efficient use of en-
ergy or involvement in energy production®®, Sor-
bentsarewidely used in water trestment and puri-
fication to remove organic and inorganic contami-
nants. Inthiscontext, the use of nanoparticlesmay
have advantages over conventional materialsdue
tothemuch larger surface areaof nanoparticleson
amassbasis. Severa typesof nanoparticleshave
been investigated as adsorbents: metal-containing
particles, mainly oxides, carbon nanotubes and
fullerenes, organic nanomeaterial sand zeolites. CNTs
have attracted alot of attention asvery powerful
adsorbentsfor awidevariety of organic compounds
fromwater. Examplesincludedioxin, polynuclear
aromatic hydrocarbons (PAHS), DDT and itsme-
tabolites, PBDEs, chlorobenzenes and
chlorophenoals, trihal omethanes, bisphenol A and
nonylphenol, phthalate esters, dyes, pesticides
(thiamethoxam, imidacloprid and acetamiprid) and
herbicidessuch assulfuron derivatives, arazineand
dicamba. Oxide-CNTcomposites have been ex-
plored for theremoval of metal§¥, and also of an-
ions such as arsenate and fluoride®, Water-
soluble CNTs havebeen functionaized with mag-
netic iron nanoparticlesfor removal of aromatic
compoundsfrom water and easy separation from
water for re-usg?,

NANOFILTRATION

Nanofiltration membranes (NFmembranes) are
used inwater treatment for drinking water production
or wastewater treatment*. NF membranes are pres-
sure-driven membraneswith propertiesbetween those
of reverse osmosisand ultrafiltration membranesand
have pore sizesbetween 0.2 and 4 nm. NF membranes
have been shown to removeturbidity, microorganisms
andinorganicionssuch asCaand Na. They are used
for softening of groundwater (reductioninwater hard-
ness), for remova of dissolved organic matter andtrace
pollutantsfrom surfacewater, for wastewater trestment
(removal of organic and inorganic pollutantsand or-

flano Science and flano Technology

——— 7 e T ot



128

Nanotechnologies for purification and remediation of water

NSNTAIJ, 5(2), 2011

Review =

ganic carbon) and for pretreatment in seawater desali-
nation. Carbon nanotubes have been arranged toform
ahallow monalithic cylindrical membrang¥, whichwas
efficient for theremoval of bacteriaor hydrocarbons
and that can easily beregenerated by ultrasonication or
autoclaving. Applicationsof nanofiltration membranes
inwater treatment werereviewed™.

A comprehensivereview hasbeen reported, for the
use of NF membranesin water and wastewater treat-
ment, NF separation mechani sms, ionic components
removal from brackish and seawater, useof brinedis-
posal, and renewable energy for NF efficiency. In ad-
dition, NF wasused asapre-treatment step in the de-
sdination process.

Nanofiltration (NF) membraneshave applications
inseverd areas. Oneof the main applicationshasbeen
in brackish and seawater treatment for drinking water
production aswell asfor wastewater treatment. The
introduction of NF asapretreatment isconsidered a
breakthrough for the desalination process. NF mem-
branes havethe ability to removeturbidity, hardness,
fluorideand nitrateaswell asasignificant fraction of
dissolved salts. Desalination can be performed with a
significantly lower operating pressure and becomesa
much more energy-efficient process. Theapplication
of NFfor water treatment and asa pre-treatment step
for low energy consumption processes such as photo-
voltai c-powered unitswere reported .

NANOMATERIALSAND WATER
FILTRATION

Membrane processes are considered key compo-
nentsof advanced water purification and desalination
technologies and nanomaterials such as carbon
nanotubes, nanoparticles, and dendrimersare contrib-
uting to the devel opment of moreefficient and cost-ef-
fectivewater filtration processes. Therearetwo types
of nanotechnol ogy membranesthat could be effective:
nanostructured filters, whereeither carbon nanotubesor
nanocapillary arraysprovidethe basisfor nandfiltration;
and nanoreactive membranes, where functionalized
nanoparti clesaid thefiltration process. Theresearchers
asonotethat advancesin macromol ecular chemigry such
asthe synthesisof dendritic polymers have provided
opportunitiestorefine, aswell asto devel op effective
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filtration processesfor purification of water contaminated
by different organic solutesand inorganic anions.

NANOTECHNOLOGIESFORWATER
REMEDIATION

Remediation of contaminated water — the process
of removing, reducing or neutralizing water contami-
nantsthat threaten human hedth and/or ecosystem pro-
ductivity and integrity —isafield of technol ogy that has
attracted much interest recently. Examples of various
nanoparticlesand nanomateria sthat could beusedin
water remediation include: zeolites, carbon nanotubes,
self-assembled monolayer on mesoporous supports
(SAMMS), biopolymers, single-enzymenanoparticles,
zero-valent iron nanoparticles, bimetallic iron
nanoparticles, and nanoscale semiconductor
photocatalysts.

NANO-IRON FOR GROUNDWATER
REMEDIATION

Certain nanoparticlescandso react chemically with
pollutants and thus destroy them. This occurswhen
groundwater that has been polluted with chlorinated
hydrocarbonsisdecontaminated with nanc-iron. The
pollutantsreact chemically with theiron, which turns
theminto harmless substances. Until now, normal iron
swarf hasbeen used that wasplaced intheunderground
intheform of apermeablebarrier alowingtheground-
water to passthroughit. Higher reactivity and lower
outlay can beexpected if nano-iron particlesarepumped
into groundwater through bore holes. Theparticlesare
coated with organic substances so that they do not ad-
sorb on surfaces. In thisway they remain mobileand
aredigtributed moreevenly in thegroundwater.

BIOACTIVE NANOPARTICLESFOR
WATERDISINFECTIONS

Nanotechnol ogy may present areasonable alter-
nativefor development of new chlorine-freebiocides.
Among themost promising antimicrobid nanomaterials
aremetallic and meta-oxide nanoparticles, especialy
slver, andtitanium dioxide catalystsfor photocatal ytic
disinfections.
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NOBLE METAL NANOPARTICLESAND
WATER PURIFICATION

Theapplication of noblemetal nanoparticle based
chemistry for drinking water purification hasbeenre-
ported for three major types of contaminants: hal oge-
nated organicsincluding pesticides, heavy metals, mi-
croorganisms*.

Tiny particlesof puresilicacoated with an active
material could be used to removetoxic chemicas, bac-
teria, viruses, and other hazardous materialsfromwa-
ter much moreeffectively and at lower cost than con-
ventiona water purification methods, accordingto re-
searcherswritinginthe current issueof the Internationa
Journa of Nanotechnol ogy®.
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