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ABSTRACT
Nanotechnology  is  a  rapidly  growing   science  of  producing  and  utilizing  nano particles.
Synthesis  of  nanoparticles  takes  place  for  many  applications   in  various  field  of  science,
technology,  medicine,  colloid  technology,  diagnostics,   drug  delivery,   health impacts,  food,
personal  care  applications  etc..  Their  unique  size  make  them  more  chemically  reactive  and  more
bioactive. Nanosilver  is  one  of  the  most  used  nanomaterial  in  many  consumer  products
predominantly  as  a  bactericide  in  medicine,  eating  utensils,  crockery,  food  containers, electronic
gadgets  and  as  a  disinfectant  for  water  and  human  infection.  Along   with  its good  antimicrobial
activity  it  is  also  reported  to  be  toxic  to  beneficial  bacteria.  Evidences also  show  that  silver
nanoparticles  are  highly  toxic  to  mammalian  cells,  brain  cells,  liver cells,  stemcells.  Prolonged
exposure  to  silver  causes  skin  diseases  also.  These  nano antimicrobials  are  threat  to  aquatic
life  also,  when  released  in  waste  stream.   The aim  of this  paper  is  to  give  an  over  view  and
analyze  various  toxic  effects  of  silver  or  silver nanoparticle  on  human  health  and  environment.
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INTRODUCTION
Silver  is  an  extremely  rare  element  in  the
earth  crust.  Silver  is used  in  more  manufacturer
identified  consumer  products  than  any  other
nano  material.  As  silver is  very  effective  in
killing  a  wide  range  of  bacteria  and  can  be
readily  incorporated into  plastic  fabrics    and
onto  surfaces,  it  has  been  used  as  food
packaging  to  protect  us from  food  poisoning,
odor  resistant  textiles  to  kill  bacteria  that
cause  odor,  house  hold appliances,  medical
devices,  in  dressings  and  as  medicine  for  the
treatment  of  mental illness,  nicotine  addiction,
silver  nanoparticle  based  gels  for  treating  burns,
gastrointrentis and  infectious  diseases  like
syphlis  and gonorrrhoeae.1 Hundreds  of
nanosilver  products   are  currently  on  the
market  and  their number  is  growing  rapidly.
Too  much  of  a  good  thing  could  be  harmful
to  the  environment.  A  new  study  reveals that
silver  nanoparticle  pose  an  unacceptable
toxicity  risk  to  human  health  and  the
environment.  The  potential  for  nanosilver  to
adversely  affect  beneficial  bacteria  in  the

environment  especially  in  soil  and  water  is  of
particular  interest.  As  a  powerful  bactericide
silver  nanoparticles   threaten  bacteria-dependent
processes  that  underpin  ecosystem function.
Benificial   bacteria   are  of  vital  importance  to
soil,  plant  and  animal  health.  Soil  bacteria
play  a  role  of  nitrogen  fixing  and  the
breakdown  of  organic  matter.  Bacteria   also
form  symbiotic  relationships  with  legumes.
Denitrification  bacteria  play  an  important role
in  keeping  water  ways  clean  by  removing
nitrate  from  water   contaminated by excessive
fertilizer  use.  The   potential   of   nanosilver   to
result   in   increased   antibiotic  resistance   among
harmful  bacteria  is  also  a  serious  concern2.
Nano  silver  toxicity  to  bacteria,
mammalian  cells  in  vitro
Most  of  the  scientific  research  on   nanosilver
has  investigated  its  effects  on  bacteria.
Nanosilver  is  higly  toxic  to  several  strains  of
bacteria  including  so  called  gram  positive
bacteria  such  as  Staphylococcus  aureus  and
streptococcus   pneumonia  and  gram  negative
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bacteria  including  E.coli  and   Pseudomonas
aeruginosa,  which  is  responsible  for  infections
that   resist  treatment  by  conventional
antibiotics.  Bacterial   resistance to   conventional
antibiotics  is  threatening  human  health  the
world  over  .It   is   the    increased  surface  area
that  is  credited  with  enabling  the  destruction
of  bacteria  and  other microbes.  The   actual
mechanism  by  which  silver  nanoparticles
interfere  with  bacteria is is  yet  unclear.  Some
researches  suggest  that  silver  nanoparticles
damage  bacterial  cells by  destroying  the
enzymes  that  transport  the  cell  nutrient  and
weakening  the  cell membrane  or  cell  wall,
leading  to  increased  cell  permeability  and
ultimately  cell  death.3  However   other
researchers  believe  nanosilver  destroys  the
ability  of  the  bacteria’s  DNA to  replicate.4,5

In  addition  to  an  effective  bactericide,  silver
nanoparticles  are  also  toxic  to  mammalian
cells  in  vitro.  Hussain  et  al  found  that  silver
nanoparticles   were  highly  toxic  to  BRL3A  rat
liver  cells.6   Mitochondrial   function  decreased
and  lactic  hydrogenase  function  increased
significantly in  cells  exposed  to  silver
nanoparticles  at  5-50µg/ml.  Other   metal  oxides
has no   measurable  effect  at  these  doses
Silver  nanpparticles  were  also  reported  to  be
toxic  to  a  cultured  neuroendocrine  cell  line
(phenotype  PC-12),  used  as  an  in  vitro  model
for  brain  cells.7 Cellular   morphology
mitochondrial  function  and  dopamine  depletion
rates  were  assessed  after  24  hours exposure.
Silver  nanoparticles  depleted  dopamine  at  high
and  cytotoxic  rates  (50 lg/ml). Mitochondrial
activity  was  reduced  at  doses  ranging  from
10  to  50  lg/ml  compared  to  untreated  cells.
Morphology  of  cells  also  change. Silver
nanoparticles  were  also  toxic  to  mammalian
germline  stem  cells  in  an  vitro  study.  Silver
nanoparticles   significantly   reduced
mitochondrial  function  and  interfered  with  cell
Metabolism   leading  to   cell  leakage.  Silver
nanoparticles  while  using  as  an  antimicrobial
agents  in  bone  cement  or  other  implantable
devices,  they  may  in  fact  be  toxic  to  the
bone-lining   cells  and  other  tissue.

Toxic   effect of  silver  or  nanosilver  on
the  environment
Along  with  its  potential  antimicrobial  activity,
silver  also  causes  adverse  effects  not  only in
the  human  body  but  also  in  soil  microbial
communities  and  in  aquatic  systems
Effects on  soil  communities
There  is  currently very  little  research  on  the
effect  of  silver   nanoparticles   on   soil  microbial
communities  in  situ. Studies have demonstrated
that  silver, even in larger particle  form, inhibits
microbial growth below concentrations of heavy
metals8.  It  shows toxic  effect on human  friendly
microbes  like  heterotrophic  (nitrogen fixing/
ammonifying) and  chemolithotropic  bacteria  in
soil  communities.  Chemolithotropic   bacteria
belong  to the   lithotropic  family  of  microbes
and  consume  inorganic  material.  These
organisms deliver  many  crucial  nutrients  which
are  most  essential  in  soil  formation.   By
showing  potential  toxic  effects  on  denitrifying
bacteria, silver disrupts denitrification  processes.9
Nanosilver,  at  concentrations  as  low  as  0.14
µg/ml  has  been  found  to  be  toxic  to several
species  of  nitrifying  bacteria.  Nitrifying  bacteria
are  also  used  by  Sewage  Treatment  Plants
(STPs)  to  convert  raw  sewage  into  less
harmful  products.  Nanosilver  toxicity  to  these
organisms  may  disrupt  the  operation  of  STPs
as  well  as  natural  processes  in  the  ecosystem
that  support  plant  life.10 Because  of  the
increasing  use  of  silver  nanoparticles  in
consumer   products,  from  washing  machines
and  fabrics  to  household  cleaners  and  health
drinks,  the  risk  that  this  material  will  be
released  into  sewage  lines,  waste  water
treatment  facilities  and  eventually  to  rivers,
streams  and  lakes  is  of  great  concern. Zhiqiang
Hu  Assistant  Professor  of  civil  and
environmental  engineering  in  Missouri University
found  that  silver  nanoparticles  are  extremely
toxic  and  destroy  the  benign  Species  of
bacteria  that  are  used  for wastewater
treatment.11  It   basically   halts   the  reproduction
activity  of  the  good  bacteria.  Hu  also  reported
that  nanoparticles  generate more  unique
chemicals,  known  as  highly  reactive  oxygen
species,  than  do  larger  forms  of  silver  These



J. Environ. Res. Develop.
Journal  of  Environmental  Research  And  Development                  Vol. 7 No. 1A, July-September  2012

454

oxygen  species  chemicals  likely  inhibit  bacterial
growth.  The   use  of   wastewater  treatment
sludge as  land  application  fertilizer  is  in  common
practice.  Soil  used  to  grow  food  crops  may
be  harmed,  when  the  sludge  with  it  contains
high  level  of silver  nanoparticles  and  the
possibility  of  same  to  go  into  food  chain
increases.  Early studies  suggest  that  micro
organisms  and  plants  may  be  able  to  produce,
modify  and  concentrate  nanoparticles  that  can
then  bioaccumulate  along  the  food  chain.  No
such  studies  have  been  performed  on  silver
nanoparticles.
Effect  on  aquatic  ecosystems
Intriguing  new  uses  of  silver  results  in  greater
quantity  of  silver  nanoparticles  into  waste
water  and  eventually  our  rivers  and  streams,
which  results  in  unexpected  toxic  effects  on
aquatic  ecosystems12.
In  fresh  water  fish  the  acute  toxicity  of  Ag+

interacting  at  the  gills,  inhibiting  basolateral
Na+,  K+-ATPase  activity.  Disruption  of  this
enzyme  inhibits  active  Na+  and  Cl-  uptake
and  therefore  osmoregulation  by  the  fish13.
Toxicity  studies  with  macro  invertebrates  in
the  San  Francisco  Bay  have  indicated  that
silver  may  adversely  affects  the  health  of  the
estuarine  system.14  Two  independent  studies
found  that  exposure  to  particles  of nanosilver
between  5-46  nm  resulted  in  increased
mortality,  heart  malformation  and   other
development  deformities  in  zebra  fish  at
concentrations  as  low  as  5µg/ml.15 Eric16,17

worked  to  investigate  the  effect   of
silvernanoparticles  on  aquatic  ecosystem  of
Chesapeake  Bay,  found  that  silvernanoparticles
at  the  lowest  concentration  of  27ppb  killed
rapidly  Daphnia  magna,  California  blackworms,
Ghost  shrimp  and  Damselfly  nymphs in  vitro.
He  also  reported  that  silver nano particles
exhibit  secondary  toxicity  also.  In invitro  testing
he  found  that  ghost  shrimp  which  fed  on
either  live/dead  California  blackworms  which
had  exposure  to  silver  nanoparticles  leads  to
death.  This  result  is  extremely  bad  news  for
aquatic  eco  systems.  Secondary  toxicity  which
has  the  ability  to affect  organisms  at  all  stages
of  the  food  chain,  is  perhaps  even  worse
than  primary toxicity  because  secondary  toxicity

can  affect  organisms  not originally  exposed  to
the    pollutant.  Silver  nanoparticles  at  lowest
concentration  of  27ppb  also  showed  strong
algicidal  properties.
Actions taken  and  to  be  taken
Nanoparticles  cross  the  blood-brain  barrier,
posing  a  significant  threat   to  human  DNA
And  that of  other  life  forms.  Currently,  the
US  Food  and  Drug  Administration  and  the
US Environmental  Protection  Agency  allow
nanoparticles  in  pesticides  and  in  the  food
supply,  with no.  They  told  the  federal
government  to ban  these  particles  under  the
precautionary   principle  until  they  are  proven
safe. In  2008 nanoaction filed  a  petition
demanding  “that   the  EPA  regulate  nano-silver
as  a unique  pesticide  that  can  cause  new  and
serious  impacts  on  the  environment.  The
hundred-page   petition  calls  on  EPA   to:
regulate  these  nanotechnology  products  as new
pesticides;  require  labeling  of  all  products;
assess  health  and    data before  permitting
marketing;  analyze  the  potential  human   effects,
particularly  on children  and  analyze  the  potential
environmental  impacts  on  ecosystems  and
endangered  species. The   U.S.  Food  and Drug
Administration  (FDA)  currently  does  not
specifically  require nanoparticles  to   be  proved
safe  but does  require  manufacturers  to  provide
tests   showing  that  the   food  goods  employing
them be  it  beer  or   baby  products are  not
harmful.
The  wastewater  treatment   industry  in
California  also  pointed  out  that  widespread
use  of household  products  like  the  Samsung
washing  machine,  will  increase  the  release  of
nanosilver  into  sanitary  sewer  systems.  This
in  turn   will   greatly increase  silver
concentrations  in   treatment-plant  discharges,
leading  to  adverse  effects,  such  as
bioaccumulation  in  fish  and  killing of  aquatic
life. Furthermore,  there  is  a  possibility  that
nanoparticles  and  persistent  organic  pollutants
and  other hazardous  metals  may  form
associations  and  spread  together,  thereby
amplifying  their   toxicity. Given  the  poorly
understood  toxicity   risks  of  silver  nanoparticles,
the  threat  they  pose to  the  public  and
environmental  systems  and  the  failure  of



455

J. Environ. Res. Develop.
Journal  of  Environmental  Research  And  Development                  Vol. 7 No. 1A, July-September  2012

regulatory  systems  to manage   these   risks,
friends  of   the   earth,    Australia   call   for   an
immediate moratorium  on  the  further  release,
and  the  immediate  withdrawal  from  the  market,
of products  containing  silver   nanoparticles.
Obviously  not  silver  nanoparticles  are  harmful
always,  but  exhaustive  tests  are  needed  to
ascertain  the  ill  effects  of  the  engineered
nanoparticle.  It   is   clear   from   the   above
evidence   that  an  urgent  action   research  is
needed  to  reverse  the  unregulated  tide of
nanoparticles  that  are  released  into  the  market.
Nano  ingredients  in  food,  cosmetics  and  baby
products  for  which  toxicity  data  already exist
should  not  be  allowed  to  be  used. Nano
products  should  not  be  commercialized  until
they  are  demonstrated  safe  and  obey
regulations.Consumers   products   containing
nanotechnology   should   be   clearly   labeled
about   the amount   of  nano  material  content.
Intensive  research  into  the  hazards  should
carr ied  out  to  the  new  commodity
development.
There    are  limited  studies  in  this  field  and
much  research  work  is  required  to  be
conducted on the mechanism of  bio-
transformation,  transmission  of  nano  particles
to  the plant’s   next  generation,  and  transfer  of
nano  particles  in  the  food  chain.

DISCUSSION
After  reviewing    the  literature  it  is  concluded
that  silver  nano  particles  can bind  to proteins
and  enzymes  in  mammalian  cells.  Silver
nanoparticles  can  show  intensive  toxic effects
on  the  mitochondrial  function  and  cell  viability.
It  has  been  reported  that ingestion  of  silver  in
microparticles  and/or  nanoparticles  has  also
been  linked  with  neurological  problems,  kidney
damage,  stomach  upset,  headache,  fatigue  and
skin irritation.
Silver  affects  denitrification  bacteria  so  strongly
that,  in  reality,  disrupts  the  bacteria driven
processes,   environmental   denitrification
processes   and   results   into   catastrophic
eutrophication   in    rivers,  lakes  and  marine
ecosystems.

CONCLUSION
All  these  results  conclude  that  silver
nanoparticles  have  an  adverse  impact  on  health
and environment.   Closer  attention  needs  to  be
paid  to  the  discharge  of  silver  nanoparticles
into   environment.   As  silver  nanoparticles  are
so  remarkably  small,  it’s  impossible to  filter
them  out  of  the  water  into  which  they  have
been  discharged.  Also,  silver nanoparticles
seem  to  bioaccumulate,  which  means  that
silver  nanoparticle  concentrations   will  continue
to  increase  over  time  in  waterways.  As   Silver
nanoparticles  appear  to  be  toxic  to  a  range  of
aquatic  invertebrates,  even  at  extremely  low
levels,  they  could  profoundly  alter  our  fresh
water  aquatic  ecosystems.  Hence  it  is  strongly
suggested  that  use  and  disposal  of  silver
nanoparticles  need  to  be  carefully  scrutinized.
Having  a  tremendous  surface  area  and  small
particle  size,  nanoparticles  can  make potential
interactions  with  membrane  surfaces  and  can
easily  translocate  and  distributed throughout
the  human  body  and  environment   also.  It
remains  to  be  determined whether  silver
nanoparticles  will  introduce  new  mechanisms
of  injury?  Finally  for silver,  whether  nanosized
or  not,  there  are  always  the  problems  of
argyria  in  humans  and   eutrophication  in  the
environment.
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We have modified our environment
so radically that we must now
modify ourselves to exist in this new
environment.

Norbert Wiener


