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Description 

BACKGROUND  OF  THE  INVENTION 

5  1.  Field  of  the  Invention 

[0001  ]  The  present  invention  relates  to  sterilization  of  articles.  More  particularly,  the  present  invention  relates  to  ster- 
ilization  by  irradiation  and  radiolytic  decomposition  of  substrates  and  consequent  release  of  a  sterilant  gas. 

10  2.  Description  of  Related  Art 

[0002]  Sterilization  and  disinfection  are  important  procedures  used  for  the  reduction  or  elimination  of  disease  causing 
organisms  or  agents.  Sterilization  and  disinfection  are  very  important,  e.g.,  in  sanitation  or  medicine  to  reduce  or  pre- 
vent  the  spread  of  infections  and  the  like. 

15  [0003]  Traditional  methods  of  sterilization  include  the  use  of  steam,  dry  heat,  chemicals,  and  radiation.  Steam  and  dry 
heat,  while  effective  in  certain  cases,  require  high  temperatures  which  may  not  be  suitable  for  all  products  which  are  to 
be  used  or  reused.  Chemicals  which  are  used  for  sterilization  include  gases  such  as  ethylene  oxide,  propylene  oxide, 
formaldehyde,  glutaraldehyde,  methyl  bromide,  ozone  and  propriolactone.  Chemical  sterilants  are  useful  on  materials 
which  may  be  sensitive  to  the  effects  of  heat  or  moisture. 

20  [0004]  A  popular  gas  sterilant  is  ethylene  oxide  which,  unfortunately,  is  potentially  explosive  and  is  primarily  a  surface 
sterilant.  Formaldehyde  has  also  been  used  but  drawbacks  include  instability  of  stock  solutions,  toxicity,  the  need  for 
heat  and  humidity  in  certain  instances,  explosiveness  at  typical  gas  phase  concentrations,  and  a  substantial  lack  of 
penetration  into  the  object  being  sterilized. 
[0005]  Radiation  sterilization  includes  the  use  of  ultraviolet  rays,  electron  beams,  x-rays,  gamma  rays,  and  to  a  limited 

25  extent,  gas  plasma  and  microwave  radiation.  Some  radiation  sterilization  is  considered  to  be  a  volume  sterilant,  i.e., 
capable  of  good  penetration  and  sterilizing  throughout  a  volume  with  substantially  equal  results.  However,  ultraviolet 
radiation  and  gas  plasma  are  predominantly  surface  sterilants  without  substantial  penetration.  Moreover,  most  forms  of 
radiation  are  known  to  degrade  certain  polymers  and  may  be  detrimental  to  products  incorporating  those  polymers. 
[0006]  Attempts  have  been  made  to  combine  certain  of  the  above  sterilants.  For  example,  U.S.  Patent  No.  3,  1  1  7,832 

30  describes  simultaneous  use  of  toxic  gases  such  as  ethylene  oxide  or  propylene  oxide,  ozone  and  ultraviolet  rays.  Swiss 
Patent  No.  387,881  describes  sterilization  by  the  simultaneous  action  of  vapors  of  methanogen,  trioxymethylene,  for- 
maldehyde,  or  aldylene,  with  ozone  and  ultraviolet  rays.  The  vapors  are  released  into  the  chamber  by  heating.  Japa- 
nese  Kokai  55-11  6354  describes  artificial  kidney  sterilization  with  an  aqueous  solution  of  formaldehyde  in  combination 
with  gamma  irradiation  and  avoidance  of  gas  bubbles. 

35  [0007]  Generation  of  a  gas  sterilant  or  disinfectant  has  been  an  important  field  of  study.  For  example,  a  chlorine  diox- 
ide  gas  disinfectant  may  be  generated  by  subjecting  a  solid  chlorite  to  ultraviolet  radiation  as  is  described  in  U.S.  Patent 
No.  4,874,489.  Sustained  release  of  a  gaseous  sterilant  is  described  in  U.S.  Patent  No.  4,717,544  where  solid  poly- 
meric  aldehydes  are  thermally  depolymerized  to  afford  gas  phase  monomers.  U.S.  Patent  Nos.  4,400,357,  5,019,344 
and  5,019,359  describe  generation  of  gas  sterilants  by  heating  with  microwave  radiation.  The  '344  and  '359  patents 

40  involve  the  combined  effect  of  microwave  radiation  and  the  gas  sterilant  on  the  object  to  be  sterilized.  Packages  con- 
taining  an  object  to  be  sterilized  and  a  sterilant  which  is  heat  releasably  bonded  to  a  substrate  are  described  in  U.S. 
Patent  No.  3,494,726.  U.S.  Patent  No.  4,050,576  describes  subjecting  a  polyacetal  to  high  energy  irradiation  without 
effecting  depolymerization,  which  as  a  result,  can  then  be  depolymerized  by  heating.  The  preirradiated  polyacetal  is 
placed  in  a  sterilant  package. 

45  [0008]  All  the  above  described  methods  of  generating  a  gaseous  sterilant  or  disinfectant,  with  the  exception  of  the 
'489  patent,  involve  generation  of  the  sterilant  gas  by  means  of  heat.  As  was  noted  above,  heat  is  not  suitable  for  all 
sterilization  applications.  Consequently,  there  is  a  need  for  novel  sterilization  systems  and  techniques  which  reduce  or 
eliminate  the  disadvantages  described  above. 

50  SUMMARY  OF  THE  INVENTION 

[0009]  The  present  invention  provides  novel  sterilants  and  methods  of  sterilization  for  use  in  disinfection  and/or  ster- 
ilization  of  objects.  In  one  aspect  a  method  of  producing  a  sterilant  involves  providing  a  sterilant  gas  producing  sub- 
strate  and  exposing  the  substrate  to  an  effective  gas  releasing  amount  of  ionizing  radiation.  Another  aspect  provides  a 

55  method  of  sterilization  wherein  an  object  to  be  sterilized  is  contacted  with  a  sterilant  which  comprises  a  combination  of 
ionizing  radiation  and  a  sterilizing  gas  generated  by  irradiating  a  sterilant  gas  releasing  substrate  with  ionizing  radiation. 
In  another  aspect  a  sterilant  comprises  ionizing  radiation  in  combination  with  a  reaction  product  of  a  sterilant  gas 
releasing  substrate  and  ionizing  radiation.  In  yet  another  aspect  of  the  present  invention  a  sterilizing  device  is  provided 
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which  comprises  means  for  producing  ionizing  radiation  and  an  enclosure  containing  a  sterilant  gas  releasing  sub- 
strate.  In  still  yet  another  aspect  of  the  present  invention  a  package  for  in  situ  sterilization  of  objects  comprises  a  seal- 
able  pouch  containing  a  sterilant  gas  releasing  substrate  capable  of  releasing  sterilant  gas  upon  exposure  to  ionizing 
radiation.  A  further  aspect  of  the  present  invention  provides  for  the  use  of  the  method  of  sterilization  comprising  con- 

5  tacting  the  article  with  a  sterilant  which  comprises  a  combination  of  ionizing  radiation  and  a  sterilizing  gas  generated  by 
irradiating  a  sterilant  gas  releasing  substrate  with  ionizing  radiation  for  sterilizing  an  article  used  in  medicine,  for  exam- 
ple  a  bioabsorbable  material  or  polyproy.  Any  of  the  above-mentioned  aspects  may  optionally  incorporate  a  substance 
which  absorbs  the  sterilant  gas. 

10  DETAILED  DESCRIPTION  OF  THE  INVENTION 

[001  0]  According  to  the  present  invention  a  sterilant  gas  releasing  substrate  is  subjected  to  an  amount  of  ionizing  radi- 
ation  which  is  effective  to  cause  at  least  partial  vaporization  of  the  substrate  and  the  subsequent  release  of  gas  steri- 
lant.  The  gas  sterilant  contacts  the  object  to  be  sterilized  to  effect  sterilization  and/or  disinfection. 

15  [001  1  ]  The  substrate  may  be  liquid  or  solid.  Suitable  substrates  include  compositions  derived  from  aldehydes,  perox- 
ides,  oxides,  aliphatic  cyclic  ethers,  metal  carbonyls,  and  halogens.  Liquid  substrates  include  peroxides  and  hydroper- 
oxides.  Solid  substrates  are  useful  when  a  liquid  substrate  would  have  a  degradative  effect  on  the  object  to  be  sterilized. 
Especially  preferred  are  formaldehyde  gas  releasing  solid  substrates. 
[0012]  The  following  compounds  are  suitable  formaldehyde  releasing  agents:  oxymethylene  based  compositions 

20  such  as  paraformaldehyde,  trioxymethylene,  melamine  formaldehyde,  urea  formaldehyde,  phenol  formaldehyde,  and 
hexamethylenetetramine.  In  one  embodiment,  a  solid  copolymer  of  ethylene  oxide  and  formaldehyde  (sold  commer- 
cially  as  Celcon™)  is  used  in  accordance  with  the  present  invention  to  release  a  predominant  amount  of  formaldehyde 
gas.  The  amount  of  formaldehyde  in  the  copolymer  may  range  from  about  85%  to  about  99.9%  by  weight,  and  prefer- 
ably  from  about  95%  to  about  99.9%  by  weight  formaldehyde.  In  another  embodiment  a  copolymer  of  trioxane  and  other 

25  cyclic  ethers,  such  as  1  ,3-dioxolane  and  an  alkylene  formal  is  used  in  accordance  with  the  present  invention  to  release 
a  predominant  amount  of  formaldehyde  gas.  Suitable  trioxane/cyclic  ether  copolymers  contain  at  least  about  85%  by 
weight  trioxane.  Suitable  alkylene  formals  include  ethylene  formal,  propylene  formal,  and  tetramethylene  formal,  with 
tetramethylene  formal  being  preferred. 
[001  3]  The  above-mentioned  solid  substrates  may  be  in  powder  form  or  may  be  shaped  or  otherwise  molded  into  a 

30  film,  mesh,  filament,  fabric  or  any  other  suitable  shape  depending  on  the  application  and  the  container  in  which  sterili- 
zation  is  to  occur.  In  one  embodiment,  a  film  or  coating  of  the  substrate  is  applied  to  a  surface  on  or  in  the  package  con- 
taining  an  object  or  article  to  be  sterilized. 
[0014]  To  release  sterilant  gas  from  an  above-described  substrate,  the  substrate  is  subjected  to  an  effective  amount 
of  ionizing  radiation.  Ionizing  radiations  include  gamma  rays,  x-rays  and  electron  beams.  A  preferred  ionizing  radiation 

35  according  to  the  present  invention  is  gamma  radiation  which  is  commonly  produced  from  cobalt  60.  Exposure  of  the 
substrates  to  gamma  radiation  causes  the  substrates  to  release  sterilant  gas.  In  the  case  of  the  polymeric  substrates, 
radiolytic  depolymerization  occurs  with  consequent  gas  release. 
[001  5]  As  was  mentioned  above,  gamma  radiation  can  be  used  by  itself  and  functions  as  both  a  volume  and  a  surface 
sterilant.  The  traditional  sterilization  dose  for  industrial  uses  is  about  2.5  megarads  (Mrad).  The  Association  for  the 

40  Advancement  of  Medical  Instrumentation  (AAMI)  has  established  guidelines  for  sterility  assurance  and  recommends  a 
10"6  probability  of  surviving  organisms.  This  is  equivalent  to  one  organism  surviving  on  one  million  sterilized  items.  In 
most  sterilization  techniques  the  logarithm  of  the  quantity  of  surviving  organisms  when  plotted  against  the  amount  of 
absorbed  radiation  shows  a  linear  relationship.  The  slope  of  the  line  is  designated  as  K.  The  reciprocal  of  K  gives  the 
decimal  reduction  time,  D.  In  order  to  quantify  the  rate  at  which  microorganisms  are  killed  the  D  value  may  be  expressed 

45  kinetically.  When  plotted  on  logarithmic  paper  the  kinetic  death  rates  can  be  expressed  in  terms  of  D  values  which  is 
the  time  required  to  destroy  90  percent  of  the  bacterial  cells  or  spore  population  under  a  given  set  of  conditions.  In  food 
the  most  severe  constraint  for  sterilization  is  equivalent  to  a  1  2D  requirement  (to  sterilize  C.  Botulin)  which  means  that 
if  a  given  dose  reduces  an  organism  by  one  logarithmic  cycle,  then  the  material  should  be  exposed  to  the  equivalent  of 
12D  values  for  sterilization.  In  the  sterilization  of  medical  materials  the  accepted  D  value  for  sterilization  is  6D  in  the 

so  United  State,  Europe,  and  Australia. 
[0016]  In  order  to  reach  a  D  value  of  6D,  an  exposure  equivalent  to  at  least  about  2.5  Mrad  (mega-rads)  is  required. 
Even  though  the  accepted  dose  has  been  established  at  about  2.5  Mrad  for  sterilization,  the  actual  dose  can  be  lower 
based  on  the  microbial  flora  routinely  found  on  the  product  as  well  as  to  the  products  end  use.  An  example  of  this  is  the 
establishment  of  a  dose  of  about  2.0  Mrad  for  certain  items  being  sterilized  in  a  specific  sterilization  facility.  See  Herring, 

55  Radiation  Sterilization  at  American  Hospital  Supply  Corporation,  Radiation  Physical  Chemistry,  Vol.  14,  pp.  55-59 
(1979).  The  approved  biological  indicator  for  evaluating  gamma  sterilization  is  Bacillus  pumilus  in  spore  form.  This 
organism  is  used  due  to  its  resistance  to  gamma  radiation.  The  spores  have  an  established  D  value  of  0.15  Mrad  which 
applies  to  spores  on  filter  paper.  When  evaluating  spore  strips  for  growth  and  viability,  sterile  conditions  should  be  main- 
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tained.  Failure  to  maintain  sterility  can  result  in  contamination  of  the  cultures  with  consequent  inaccurate  results. 
[001  7]  As  was  discussed  above,  the  established  sterilizing  levels  of  ionizing  radiation  can  have  detrimental  effects  on 
polymeric  materials  and  established  effective  levels  of  chemical  gas  sterilants  are  associated  with  other  hazards.  In 
accordance  with  the  present  invention,  there  is  a  combination  effect  between  ionizing  radiation  and  sterilant  gas  so  that 

5  subthreshold  levels  of  both  may  be  used  to  achieve  complete  sterilization.  Thus,  low  levels  of  ionizing  radiation  which 
do  not  adversely  effect  materials  that  would  normally  be  degraded  are  used  with  less  dangerous  low  levels  of  gas  ster- 
ilant. 
[0018]  Examples  of  the  polymeric  devices  or  components  of  biomedical  instruments  or  devices  which  are  not  usually 
recommended  for  high  energy  radiation  sterilization  at  the  doses  of  2.5  to  3.5  Mrad  due  to  undesirable  radiation- 

10  induced  degradation  are  those  made  of  (a)  non-absorbable  thermoplastics  such  as  polypropylene  and  polymethylpen- 
tene;  (b)  non-absorbable  elastoplastics  and  thermoplastic  elastomers  made  primarily  of  segmented  polyether-esters, 
polyether-urethanes,  and  polyether-amides;  (c)  non-absorbable  thermoplastic  elastomers  made  primarily  of  polydienes 
(or  hydrogenerated  polydienes)  and  polystyrene  block  copolymers;  (d)  polyethylene  devoid  of  any  anti-oxidant/radiosta- 
bilizer  and  particularly  the  fugitive  toxic  types;  and  (e)  polyether-esters  and  polyesters. 

15  [0019]  In  accordance  with  the  present  invention,  radiation  doses  as  low  as  about  0.1  Mrads  to  about  2.3  Mrads  or 
greater  are  effective  when  combined  with  gas  sterilants  to  achieve  effective  sterilization.  The  amount  of  the  generated 
gas  sterilant  is  controlled  linearly  by  the  weight  of  the  substrate  and  the  radiation  dose.  The  amount  of  gas  sterilant  is 
based  on  the  volume  contained  within  the  sterilization  chamber.  The  amount  of  gas  sterilant  released  is  proportional  to 
the  amount  of  substrate,  i.e.,  increasing  amounts  of  substrate  contained  in  a  chamber  or  other  package  allows  for 

20  increasing  volume  of  generated  gas  sterilant  and  a  reduction  of  the  radiation  dose.  Thus,  the  present  invention  allows 
nominal  levels  of  radiation  which  contributes  to  the  assured  sterility  of  the  objects  and  also  induces  the  generation  of 
gas  sterilant  from  a  suitable  substrate  to  augment  the  radiosterilization  process. 
[0020]  In  one  embodiment  a  solid  substrate  is  shaped  and  configured  to  fit  as  a  package  insert.  This  allows  in  situ 
sterilization  of  packaged  objects.  For  example,  surgical  sutures  are  sealed  in  packages  prior  to  commercial  release.  A 

25  solid  polymeric  substrate  such  as  polyoxymethylene  or  a  copolymer  of  ethylene  oxide  and  formaldehyde  can  be  placed 
into  the  package  which  is  then  subsequently  irradiated  with  gamma  radiation  to  release  the  gas  sterilant  and  completely 
sterilize  the  package  interior  and  its  contents.  The  sterilization  environment  may  include  any  known  media  such  as  air, 
nitrogen,  argon,  etc. 
[0021  ]  Examples  of  articles  used  in  medicine  which  can  be  sterilized  in  accordance  with  the  present  invention  without 

30  incurring  unacceptable  loss  of  properties  include:  (a)  absorbable  sutures  and  particularly  those  containing  the  generic 
glycolate,  lactate,  oxalate,  carbonate,  hydroxycaproate,  hydroxyvalerate  and/or  hydroxybutyrate  sequences;  (b)  non- 
absorbable  sutures  such  as  those  made  of  polypropylene;  (c)  syringes  and  particularly  those  made  of  polypropylene; 
(d)  ocular  devices  made  primarily  of  silicones  or  methacrylate  polymers;  (e)  mechanical  ligating  devices  containing 
absorbable  and/or  non-absorbable  components  similar  in  chemical  structure  to  those  of  the  sutures  described  in  items 

35  a  &  b;  and  (d)  vascular  grafts  and  surgical  meshes  containing  absorbable  and/or  non  absorbable  components  based 
on  polymers  of  the  chemical  structures  noted  in  items  a  &  b.  Other  products  made  of  any  biocompatible  material  which 
can  be  sterilized  according  to  the  present  invention  include  orthopedic  pins,  clamps,  screws  and  plates,  clips  (e.g.,  for 
vena  cava),  staples,  hooks,  buttons  and  snaps,  bone  substitutes  (e.g.,  mandible  prosthesis),  needles,  non-permanent 
intrauterine  devices,  temporary  draining  or  testing  tubes  or  capillaries,  surgical  instruments,  vascular  implants  or  sup- 

40  ports,  vertebral  discs,  extracorporeal  tubing  for  kidney  and  heart-lung  machines,  fibrillar  products,  knitted  or  woven, 
velours  including  burn  dressings,  hernia  patches,  absorbent  paper  or  swabs,  medicated  dressings,  facial  substitutes, 
gauze,  fabric,  sheet,  felt  or  sponge,  dental  packs,  flake  or  powder  for  burns  or  abrasions,  absorbable  foam  prosthesis, 
film  for  prosthetic  devices,  solid  products  which  are  molded  or  machined,  reinforced  bone  pins,  screws,  etc.,  arterial 
graft  or  substitutes,  bandages  for  skin  surfaces,  and  burn  dressings  (in  combination  with  other  polymeric  films). 

45  [0022]  Other  examples  of  useful  and  unique  applications  of  radiochemical  sterilization  according  to  the  present  inven- 
tion  include  sterilization  of  surgical  gowns,  surgical  gloves,  large,  complex  surgical  and  operating  room  instruments,  and 
red-bag  waste,  consisting  primarily  of  disposable  contaminated  surgical  devices  and  auxiliary  equipment,  which  can  be 
contaminated  with  tainted  blood  and  biological  fluids.  A  typical  illustration  of  the  later  applications  entails  the  use  of 
mechanically  sealable  plastic  bags  containing  polymeric  inserts  capable  of  the  radiolytic  release  of  the  chemical  adju- 

50  vant  for  radiochemical  sterilization  of  the  biologically  harmful  contents  prior  to  solid  waste  disposal.  Alternatively,  liquid 
substrates  can  be  sprayed  or  otherwise  contacted  with  the  above-mentioned  medical  supplies  or  wastes  which  are 
sealed  in  containers  and  then  irradiated  with  ionizing  radiation  according  to  the  present  invention. 
[0023]  The  sterilant  gases  generated  in  accordance  with  the  present  invention  may  optionally  be  removed  by  a  ster- 
ilant  gas  absorbing  substance.  Gas  absorbing  substances  are  known  in  the  art.  Some  examples  include  activated  car- 

55  bon,  reactive  polyamides,  ion  exchange  resins  such  as  Amberlite™,  certain  citric  acid  based  products  which  form  a 
polysaccharide  matrix  on  contact  with  formaldehyde  gas  such  as  Spill-X-S™,  (commercially  available  from  Ansul  Fire 
and  Protection,  Wisconsin),  and  polyhydric  water  soluble  polymers  disclosed  in  U.S.  Patent  No.  4,374,81  4.  The  sterilant 
gas  absorbing  substances  may  be  included,  as  package  inserts,  in  packages  or  containers  which  are  subjected  to  radi- 

4 



EP  0  665  021  B1 

ochemical  sterilization  according  to  the  present  invention. 
[0024]  The  following  examples  help  illustrate  certain  aspects  of  the  present  invention. 

EXAMPLE  1 
5 

CONFIRMATION  OF  BACILLUS  PUMILUS  CONCENTRATION 

[0025]  0.1  ml  of  the  3.4x1  010  CFU/ml  concentration  of  B.  pumilus  ATCC  27142  (Raven  Biological  Laboratories, 
Omaha,  Nebraska)  was  added  to  9.9  ml  of  sterile  peptone  broth  for  a  10"2  dilution.  Three  more  1/100  dilutions  and  a 

10  final  1/10  dilution  were  made.  The  dilutions  of  10"8  and  10"9  were  plated  using  the  spiral  plater  method  (Spiral  Systems, 
Bethesda,  MD;  Speck  1984).  Another  0.1  ml  amount  of  the  B.  pumilus  culture  was  added  to  9.9  ml  of  peptone  and 
heated  at  70°C  for  15  mixtures  to  heat  shock  the  spores.  The  sample  was  then  diluted  and  plated  in  the  same  manner 
as  the  first  on  trypticase  soy  agar  (TSA;  BBL  Microbiology  Systems,  Cokeysville,  MD). 

Normal  conditions  Heat  shocked 

4.4x1  010CFU/ml  2.4x1  010CFU/ml 

20 
[0026]  It  can  be  concluded  that  the  stated  concentration  of  3.4x1  010  CFU/ml  is  accurate  because  the  values  obtained 
by  this  experiment  were  not  significantly  different.  The  experiment  also  shows  that  the  spores  do  not  have  to  be  heat 
shocked  to  obtain  a  count  of  viable  cells. 

25  EXAMPLE  2 

PREPARATION  OF  SPORE  STRIPS  AND  VACUTAINER™  TUBES 

[0027]  Spore  strips  were  prepared  using  aseptic  technique  under  a  sterile  hood.  0.1  ml  of  the  B.  pumilus  3.4x1010 
30  CFU/ml  suspension  was  added  to  each  strip  using  an  Eppendorf  pipette  and  sterile  tips.  The  strips  were  placed  in  ster- 

ile  Vacutainer™  tubes  (Terumo  Medical  Corporation,  Elkton,  MD)  using  sterile  forceps  and  the  rubber  stoppers  were 
replaced.  Twelve  tubes  were  prepared  in  total.  The  tube  contents  are  indicated  as  follows: 

Tube  #1  Subtilis  Spore  Strip 
35  Tube  #2  Stearothermophilus  Spore 

Tube  #3  10.0  mg  of  Celcon  M-90 
Tube  #4  1  00.0  mg  of  Celcon  M-90 
Tube  #5  500.0  mg  of  Celcon  M-90 
Tube  #6  Control  Pumilis 

40  Tube  #1  1  Subtilis  Spore  Strip 
Tube  #12  Stearothermophilus  Spore 
Tube  #13  10.0  mg  of  Celcon  M-90 
Tube  #14  100.0  mg  of  Celcon  M-90 
Tube  #15  500.0  mg  of  Celcon  M-90 

45  Tube  #16  Control  Pumilis 

Strip 

[0028]  Each  tube  that  contained  Celcon  M-90  (unstablized),  had  it  placed  at  the  bottom.  Glass  wool  was  placed  above 
the  Celcon  M-90  (unstablized)  but  below  the  spore  strip. 

50  EXAMPLE  3 

GAMMA  IRRADIATION,  INCUBATION  AND  RESULTS  (I) 

[0029]  Gamma  radiation  was  obtained  from  a  cobalt  60  source.  Tubes  1  -6  were  exposed  to  0.69  Mrad  gamma  radi- 
55  ation.  Tubes  11-16  were  exposed  to  1  .35  Mrad  gamma  radiation. 

[0030]  After  about  20  hours  in  the  irradiated  tubes,  the  spore  strips  were  aseptically  removed  from  each  tube  and  each 
strip  was  added  to  a  10  ml  tube  of  trypticase  soy  broth  (TSB).  Control  strips  containing  B.  stearothermophilus  and  EL 
subtilis  (Raven  Biological  Laboratories,  Omaha,  NE)  were  also  added  to  TSB  tubes.  All  of  the  tubes  were  incubated  at 
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37°C  until  positive  growth  was  observed. 
[0031]  After  24  hours  there  was  no  visible  growth.  After  72  hours  samples  2,  3,  4,  6,  13,  and  16  were  positive.  The 
samples  were  diluted  1/100  and  were  plated  using  the  spiral  plater  method  to  confirm  that  the  turbidity  was  due  to  EL 
pumilus. 

5  [0032]  The  plates  were  incubated  at  37°C  for  24  hours.  All  of  the  plates  had  heavy  growth  and  were  pure  cultures. 
[0033]  The  remaining  samples  were  incubated  in  the  tubes  for  an  additional  24  hours.  After  this  time  sample  5  showed 
turbidity  while  the  others  remained  clear.  All  of  the  remaining  samples  were  plated  using  the  spiral  plater  method  to 
check  for  any  growth  that  was  not  visible.  Samples  1,  11,  12,  14,  and  15  were  negative.  Sample  5  had  growth  but  not 
in  as  high  of  concentration  as  the  previous  positive  samples  (visual  estimation).  The  tests  results  are  summarized  in 

10  Table  I. 

Table  I 

Spore  Growth  After  Exposure  to  0.69  and  1  .35  Mrad  Radiation 

0.69  Mrad  Growth 

Sample  Number  Contents  72  hours 

1  B.  subtilis  neq. 
2  B.  stearothermophilus  pos. 
3  10mg  Celcon  M-90  pos. 
4  1  0Omg  pos. 
5  500mg  pos.  (96  hours) 
6  B.  pumilus  pos. 

1  .35  Mrad  Growth 

Sample  Number  Contents  72  Hours 

1  1  B.  subtilis  nea. 
12  B.  stearothermophilus  nea. 
1  3  1  0mg  pos. 
14  100mg  neg. 
15  500mg  neg. 
16  B.  pumilus  pos. 

40  EXAMPLE  4 

TUBE  PREPARATION,  GAMMA  IRRADIATION,  INCUBATION  AND  RESULTS  (II) 

[0034]  Ten  Vacutainer™  tubes  were  prepared  in  a  manner  similar  to  Example  2,  but  all  tubes  contained  B.  pumilus 
45  with  varying  concentrations  of  Celcon  M-90  (unstabilized),  commercially  available  from  Hoechst  Celanese,  as  shown 

below: 

Tube  No.  1  1  0mg 
Tube  No.  2  20mg 
Tube  No.  3  30mg 
Tube  No.  4  40mg 
Tube  No.  5  50mg 
Tube  No.  6  60mg 

6 
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(continued) 
Tube  No.  7  70mg 
Tube  No.  8  80mg 
Tube  No.  9  90mg 
Tube  No.  10  100mg 

[0035]  The  tubes  were  exposed  to  a  total  dose  of  1  .42  Mrad.  The  samples  were  plated  using  the  spiral  plater  method 
and  TSA  plates.  Samples  1  and  4  were  positive  and  showed  a  high  colony  count.  Samples  3,  8,  9,  and  10  all  contained 
one  colony.  The  plates  containing  samples  2,  5,  6,  7,  8,  9,  and  10  were  pour  plated  by  adding  1  ml  of  the  trypticase  soy 
broth  to  brain  heart  infusion  agar.  The  plates  were  incubated  at  37_C  overnight.  All  of  the  samples  (2,  3,  5,  6,  7,  8,  9, 
10)  were  negative.  Since  these  results  contradict  the  spiral  plater  results,  the  remaining  media  along  with  the  spore 
strips  were  pour  plated  in  trypticase  soy  agar.  The  plates  were  incubated  at  37°C  overnight.  All  of  the  samples  were 
negative.  The  results  are  summarized  in  Table  II. 

Table  II 

Spore  Growth  After  Exposure  to  1  .42  Mrad  Radiation 

Sample  Number  Contents  Spiral  Plate  Count  Pour  Plate  Count 

1  10mg  Celcon  M-90  7.8x109CFU 

2  20mg  neg.  neg. 
3  30mg  1  CFU  neg. 
4  40mg  6.0x109CFU 

5  50mg  neg.  neg. 
6  60mg  neg.  neg. 
7  70mg  neg.  neg. 
8  80mg  1  CFU  neg. 
9  90mg  1  CFU  neg. 
10  100mg  1  CFU  neg. 

EXAMPLE  5 

TUBE  PREPARATION,  GAMMA  IRRADIATION,  INCUBATION  AND  RESULTS  (III) 

[0036]  Forty-one  tubes  were  prepared  in  a  manner  similar  to  Examples  2  and  4,  having  bacteria  and  the  amounts  of 
Celcon  M-90  (unstablized),  indicated  below: 

Tube  Nos.  Contents 

1.21.31.41.51  B.  subtilis 

2.  22.  32.  42.  52  B.  stearothermophilus 
3.  23.  33.  43.  53  B.  pumilus 

4.  24,  34,  44  50mg  Celcon  M-90 

5,25,35,45  100mg 

6,  26,  36,  46  200mg 

7,  27,  37,  47  300mg 
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(continued) 
Tube  Nos.  Contents 

8,  28,  38,  48  400mg 

9,  29,  39,  49,  54  500mg 
55  10mg 

[0037]  Samples  51-55  were  not  exposed  to  gamma  radiation  to  observe  any  effects  caused  by  Celcon  M-90 
(unstablized)  alone.  The  total  dose  for  each  set  was: 

Tube  Nos.  Radiation  (approximate) 
1-9  0.50Mrad 

21-29  0.75Mrad 

31-39  LOOMrad 

41-49  1.25Mrad 

51-55  O.OOMrad 

[0038]  The  results  are  summarized  below  in  Tables  lll-VI. 

Table  III 

Spore  Growth  After  Exposure  to  0.50  Mrad  Radiation 

0.50  Mrad  Growth 

Sample  Number  Contents  72  Hours 

1  B.  subtilis  2.3  x106 

2  B.  stearothermophilus  nea. 
3  B.  pumilus  1.8  x106 

4  50mg  neg. 
5  100mg  neg. 
6  200mg  neg. 
7  300mg  neg. 
8  400mg  neg. 
9  500mg  neg. 

Table  IV 

Spore  Growth  After  Exposure  to  0.75  Mrad  Radiation 

Growth 

Sample  Number  Contents  72  Hours 

21  B.  subtilis  2.2  x105 

22  B.  stearothermophilus  neq. 

8 
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Table  IV  (continued) 

Spore  Growth  After  Exposure  to  0.75  Mrad  Radiation 

Growth 

Sample  Number  Contents  72  Hours 

23  B.  pumilus  3.6  x106 

24  50mg  neg. 
25  100mg  neg. 
26  200mg  neg. 
27  300mg  neg. 
28  400mg  neg. 
29  500mg  neg. 

Table  V 

Spore  Growth  After  Exposure  to  1  .00  Mrad  Radiation 

1  .OMrad  Growth 

Sample  Number  Contents  72  Hours 

31  B.  subtilis  nea. 
32  B.  stearothermophilus  nea. 
33  B.  pumilus  nea. 
34  50mg  7.8  x105 

35  100mg  neg. 
36  200mg  neg. 
37  300mg  neg. 
38  400mg  neg. 
39  500mg  3.2  x105 

Table  VI 

Spore  Growth  After  Exposure  to  1  .50  Mrad  Radiation 

1  .5Mrad  Growth 

Sample  Number  Contents  72  Hours 

41  B.  subtilis  nea. 
42  B.  stearothermophilus  nea. 
43  B.  pumilus  nea. 
44  50mg  neg. 
45  100mg  neg. 
46  200mg  neg. 
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Table  VI  (continued) 

Spore  Growth  After  Exposure  to  1  .50  Mrad  Radiation 

1.5Mrad  Growth 

Sample  Number  Contents  72  Hours 

47  300mg  neg. 
48  400mg  1.1  x104 

49  500mg  neg. 

[0039]  The  results  from  Example  3  indicate  that  a  0.69Mrad  total  dose  was  not  high  enough  to  cause  complete  ster- 
ilization.  However,  at  1.35Mrad,  the  samples  containing  100  and  500mg  of  Celcon  M-90  (unstabilized)  were  negative. 
This  is  encouraging  because  according  to  the  D  value,  it  should  take  2.25Mrad  to  bring  the  initial  B.  pumilus  population 

w  of  3.4  x  1010  to  a  10"6  sterility  level.  The  test  in  Example  4  produced  similar  results  in  Table  II.  The  total  dose  was 
1  .42Mrad.  This  combined  with  50mg  of  the  Celcon  M-90  (unstablized)  achieved  sterilization.  Again,  this  level  of  radia- 
tion  is  much  lower  than  the  approximately  2.5Mrad  necessitated  by  current  standards.  The  results  from  Example  5 
clearly  show  that  Celcon  M-90  (unstablized)  is  effective  in  combination  with  low  doses  of  gamma  radiation.  Samples  51  - 
55,  which  were  not  exposed  to  radiation,  suffered  no  adverse  effect  from  being  in  contact  with  the  Celcon  M-90 

20  (unstablized).  This  indicates  that  the  substrate  is  relatively  stable  until  activated  by  ionizing  radiation.  Although  samples 
34,  39  and  48  showed  some  levels  of  growth,  such  growth  could  be  from  contamination  or  another  speculative  factor. 
The  overall  analysis  of  the  results  clearly  indicates  the  efficacy  of  radiochemical  sterilization  according  to  the  present 
invention. 

25  EXAMPLE  6 

TUBE  PREPARATION,  GAMMA  IRRADIATION  AND  RESULTS  (IV) 

[0040]  Thirteen  tubes  were  prepared  as  follows.  Celcon  M-90  (unstablized)  was  cut  and  weighed  to  the  below  spec- 
30  ified  amounts  and  then  placed  in  Vacutainer™  tubes.  Certain  of  the  tubes  were  inoculated  with  0.1ml  of  B.  pumilus.  EL 

subtilis  and  B.  stearothermophilus.  Tubes  which  contained  just  the  spore  strips  were  not  separated  by  glass  wool.  Tubes 
containing  Amberlite™  ion  exchange  resin  had  the  Amberlite  at  the  bottom,  then  a  glass  wool  plug,  the  spore  strips  and 
film  in  successive  layers.  The  tubes  were  tested  in  duplicate  at  0.61  Mrads  and  1  .28  Mrads.  The  strips  were  removed 
aseptically  and  placed  in  tubes  containing  10ml  of  brain  heart  infusion  medium.  The  tubes  were  incubated  for  6  days  at 

35  37°C.  The  tubes  containing  B.  stearothermophilus  were  incubated  at  55°C  for  6  days.  The  tubes  were  then  inspected 
visually  for  growth.  The  results  are  summarized  below  in  Table  VII. 

Table  VII 

Exposure  of  spore  strips  to  0.61  to  1  .28  Mrads 

0.61  Mrads  1  .28  Mrads 

Contents  Set  1  Set  2  Set  1  Set  2 

Bacillus  stearothermophilus  neg.  neg.  neg.  neg. 
Bacillus  pumilus  pos.  pos.  neg.  neg. 
Bacillus  subtilis  neg.  neg.  neg.  neg. 
50mg  Celcon  M90  neg.  neg.  neg.  neg. 
50mg  Celcon  M90  +  150mg  Amberlite  neg.  neg.  neg.  neg. 
100mg  Celcon  M90  neg.  neg.  neg.  neg. 
100mg  Celcon  M90  +  300mg  Amberlite  neg.  neg.  neg.  neg. 
200mg  Celcon  M90  neg.  neg.  neg.  neg. 
200mg  Celcon  M90  +  600mg  Amberlite  neg.  neg.  neg.  neg. 
300mg  Celcon  M90  neg.  neg.  neg.  neg. 

10 
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Table  VII  (continued) 

Exposure  of  spore  strips  to  0.61  to  1  .28  Mrads 

0.61  Mrads  1  .28  Mrads 

Contents  Set  1  Set  2  Set  1  Set  2 

300mg  Celcon  M90  +  900mg  Amberlite  neg.  neg.  neg.  neg. 
400mg  Celcon  M90  neg.  neg.  neg.  neg. 
400mg  Celcon  M90  +  900mg  Amberlite  neg.  neg.  neg.  neg. 

[0041]  Both  levels  of  irradiation  were  effective  in  killing  all  of  the  samples  of  Example  6  except  in  the  0.61  Mrad  irra- 
diation  of  the  pure  B.  pumilus.  This  can  be  explained  by  the  fact  that  B.  pumilus  is  used  as  an  indicator  for  the  effective- 
ness  of  gamma  irradiation  and  about  2.5  Mrads  is  the  recommended  dose  for  a  100%  kill.  The  fact  that  the  other 

w  samples  contained  the  same  B.  pumilus  culture  and  were  irradiated  at  the  same  level  of  0.61  Mrads,  yet  still  were  neg- 
ative,  indicates  that  the  presence  of  the  Celcon  M-90  (unstablized)  is  contributing  to  the  sterilization  process. 

Claims 

20  1  .  A  method  of  producing  a  sterilant  comprising  providing  a  sterilant  gas  releasing  substrate  and  exposing  said  sub- 
strate  to  an  effective  gas  releasing  amount  of  ionizing  radiation. 

2.  A  method  of  producing  a  sterilant  according  to  claim  1  wherein  said  substrate  comprises  a  solid  sterilant  gas 
releasing  substrate. 

25 
3.  A  method  of  producing  a  sterilant  according  to  claim  1  wherein  said  substrate  comprises  a  liquid  sterilant  gas 

releasing  substrate. 

4.  A  method  of  producing  a  sterilant  according  to  any  one  of  claims  1  to  3  wherein  said  substrate  comprises  a  formal- 
30  dehyde  gas  releasing  substrate. 

5.  A  method  of  producing  a  sterilant  according  to  claim  4  wherein  said  substrate  is  selected  from  the  group  consisting 
of  paraformaldehyde,  polyoxymethylene,  melamine-formaldehyde,  urea-formaldehyde,  phenol-formaldehyde,  hex- 
amethylenetetramine,  copolymers  of  ethylene  oxide  and  formaldehyde,  and  copolymers  of  trioxane  and  a  member 

35  selected  from  the  group  consisting  of  1  ,3  dioxolane  and  an  alkylene  formal. 

6.  A  method  of  producing  a  sterilant  according  to  any  one  of  claims  1  to  5  wherein  gas  released  from  said  gas  releas- 
ing  substrates  is  selected  from  the  group  consisting  of  formaldehyde  and  carbon  monoxide. 

40  7.  A  method  of  producing  a  sterilant  according  to  claim  1  wherein  said  ionizing  radiation  is  selected  from  the  group 
consisting  of  gamma  radiation,  x-rays  and  electron  beam  radiation. 

8.  A  method  of  producing  a  sterilant  according  to  claim  7  wherein  the  effective  gas  releasing  amount  of  ionizing  radi- 
ation  is  from  0.1  Mrad  to  2.3Mrad. 

45 
9.  A  method  of  producing  a  sterilant  according  to  claim  8  wherein  the  effective  gas  releasing  amount  of  ionizing  radi- 

ation  is  from  0.7Mrad  to  1  .4Mrad. 

1  0.  A  method  of  producing  a  sterilant  according  to  claim  2  wherein  said  solid  sterilant  gas  releasing  substrate  is  formed 
so  into  a  material  selected  from  the  group  consisting  of  film,  mesh,  filament,  fabric,  coating  and  powder. 

1  1  .  A  method  of  sterilizing  comprising  contacting  an  object  to  be  sterilized  with  a  sterilant  produced  in  accordance  with 
any  preceding  claim,  and  ionizing  radiation. 

55  12.  A  sterilizing  device  comprising  means  for  producing  ionizing  radiation  and  an  enclosure  containing  a  sterilant  gas 
releasing  substrate. 

13.  A  package  for  in  situ  sterilization  of  articles  comprising  a  sealable  pouch  containing  a  sterilant  gas  releasing  sub- 

11 
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strate  capable  of  releasing  sterilant  gas  upon  exposure  to  ionizing  radiation. 

14.  A  package  according  to  claim  13  including  a  sterilant  gas  absorbing  substance  selected  from  the  group  consisting 
of  activated  carbon,  citric  acid  based  polysaccharide  matrix  materials,  ion  exchange  resins  and  polyhydric  water 

5  soluble  polymers. 

15.  Use  of  the  method  according  to  claim  1  1  for  sterilizing  an  article  used  in  medicine. 

16.  Use  according  to  claim  15  wherein  said  article  used  in  medicine  comprises  a  bioabsorbable  material. 
10 

17.  Use  according  to  claim  15  wherein  said  article  used  in  medicine  comprises  polypropylene. 

Patentanspruche 

15  1  .  Verfahren  zur  Herstellung  eines  Sterilisierungsmittels,  welches  die  Bereitstellung  eines  sterilisierendes  Gas  freiset- 
zenden  Substrats  und  die  Bestrahlung  besagten  Substrats  mit  einer  wirksamen,  Gas  freisetzenden  Menge  ionisie- 
render  Strahlung  umfaBt. 

2.  Verfahren  zur  Herstellung  eines  Sterilisierungsmittels  nach  Anspruch  1  ,  dadurch  gekennzeichnet,  daB  besagtes 
20  Substrat  ein  testes,  Gas  freisetzendes  Substrat  umfaBt. 

3.  Verfahren  zur  Herstellung  eines  Sterilisierungsmittels  nach  Anspruch  1  ,  dadurch  gekennzeichnet,  daB  besagtes 
Substrat  ein  flussiges,  Gas  freisetzendes  Substrat  umfaBt. 

25  4.  Verfahren  zur  Herstellung  eines  Sterilisierungsmittels  nach  irgendeinem  der  Anspriiche  1  bis  3,  dadurch  gekenn- 
zeichnet,  daB  besagtes  Substrat  ein  Formaldehyd  freisetzendes  Substrat  umfaBt. 

5.  Verfahren  zur  Herstellung  eines  Sterilisierungsmittels  nach  Anspruch  4,  dadurch  gekennzeichnet,  daB  besagtes 
Substrat  gewahlt  ist  aus  der  Gruppe  bestehend  aus  Paraformaldehyd,  Polyoxymethylen,  Melamin-Formaldehyd, 

30  Harnstoff-Formaldehyd,  Phenol-Formaldehyd,  Hexamethylentetramin,  Copolymeren  aus  Ethylenoxid  und  Formal- 
dehyd  und  Copolymeren  aus  Trioxan  und  einem  Glied,  ausgewahlt  aus  der  Gruppe  bestehend  aus  1  ,3-Dioxolan 
und  einem  Alkylenformal. 

6.  Verfahren  zur  Herstellung  eines  Sterilisierungsmittels  nach  irgendeinem  der  Anspriiche  1  bis  5,  dadurch  gekenn- 
35  zeichnet,  daB  das  Gas,  welches  aus  besagten  Gas  freisetzenden  Substraten  freigesetzt  wird,  ausgewahlt  ist  aus 

der  Gruppe  bestehend  aus  Formaldehyd  und  Kohlenstoffmonoxid. 

7.  Verfahren  zur  Herstellung  eines  Sterilisierungsmittels  nach  Anspruch  1  ,  dadurch  gekennzeichnet,  daB  besagte 
ionisierende  Strahlung  aus  der  Gruppe  bestehend  aus  Gammastrahlung,  Rontgenstrahlung  und  Elektronenstrahl- 

40  strahlung  ausgewahlt  ist. 

8.  Verfahren  zur  Herstellung  eines  Sterilisierungsmittels  nach  Anspruch  7,  dadurch  gekennzeichnet,  daB  die  wirk- 
same,  Gas  freisetzende  Menge  ionisierender  Strahlung  von  0,1  bis  2,3  Mrad  ist. 

45  9.  Verfahren  zur  Herstellung  eines  Sterilisierungsmittels  nach  Anspruch  8,  dadurch  gekennzeichnet,  daB  die  wirk- 
same,  Gas  freisetzende  Menge  ionisierender  Strahlung  von  0,7  bis  1  ,4  Mrad  ist. 

10.  Verfahren  zur  Herstellung  eines  Sterilisierungsmittels  nach  Anspruch  2,  dadurch  gekennzeichnet,  daB  besagtes 
testes,  sterilisierendes  Gas  freisetzendes  Substrat  zu  einem  Material,  gewahlt  aus  einer  Gruppe  bestehend  aus 

so  Film,  Gitter,  Faden,  Gewebe,  Uberzug  und  Pulver,  geformt  ist. 

11.  Verfahren  zur  Sterilisierung,  dadurch  gekennzeichnet,  daB  ein  zu  sterilisierender  Gegenstand  mit  einem  Sterilisie- 
rungsmittel,  das  in  Ubereinstimmung  mit  irgendeinem  der  vorhergehenden  Anspriiche  hergestellt  wurde,  und  ioni- 
sierender  Strahlung  in  Beriihrung  gebracht  wird. 

55 
12.  Sterilisierungsvorrichtung,  welche  Mittel  zur  Herstellung  ionisierender  Strahlung  und  eine  EinschlieBung,  welche 

ein  sterilisierendes  Gas  freisetzendes  Substrat  enthalt,  umfaBt. 
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13.  Packung  zur  in  situ  Sterilisierung  von  Gegenstanden,  welche  einen  versiegelbaren  Beutel,  der  ein  sterilisierendes 
Gas  freisetzendes  Substrat  enthalt,  das  sterilisierendes  Gas  auf  Bestrahlung  mit  ionisierender  Strahlung  hin  frei- 
setzen  kann,  umfaBt. 

5  14.  Packung  nach  Anspruch  13,  welche  eine  sterilisierendes  Gas  absorbierende  Substanz  einschlieBt,  ausgewahlt  aus 
der  Gruppe  bestehend  aus  aktiviertem  Kohlenstoff,  Polysaccharid-Matrixmaterialien  auf  Basis  von  Zitronensaure, 
lonenaustauscherharzen  und  wasserloslichen  Polymeren  mit  mehreren  Hydroxylgruppen. 

15.  Verwendung  des  Verfahrens  nach  Anspruch  1  1  zur  Sterilisierung  eines  Gegenstandes,  der  in  der  Medizin  verwen- 
10  det  wird. 

16.  Verwendung  nach  Anspruch  15,  dadurch  gekennzeichnet,  daB  besagter  Gegenstand,  der  in  der  Medizin  verwen- 
det  wird,  ein  bioabsorbierendes  Material  umfaBt. 

15  17.  Verwendung  nach  Anspruch  15,  dadurch  gekennzeichnet,  daB  besagter  Gegenstand,  der  in  der  Medizin  verwen- 
det  wird,  Polypropylen  umfaBt. 

Revendications 

20  1  .  Methode  de  production  d'un  sterilisant  comprenant  la  fourniture  d'un  substrat  liberant  un  gaz  sterilisant  et  I'exposi- 
tion  dudit  substrat  a  une  quantite  efficace  liberant  du  gaz  d'une  irradiation  ionisante. 

2.  Methode  de  production  d'un  sterilisant  selon  la  revendication  1  ou  ledit  substrat  comprend  un  substrat  solide  libe- 
rant  un  gaz  sterilisant. 

25 
3.  Methode  de  production  d'un  sterilisant  selon  la  revendication  1  ou  ledit  substrat  comprend  un  substrat  liquide  libe- 

rant  un  gaz  sterilisant. 

4.  Methode  de  production  d'un  sterilisant  selon  I'une  quelconque  des  revendications  1  a  3  ou  ledit  substrat  comprend 
30  un  substrat  liberant  du  formaldehyde  gazeux. 

5.  Methode  de  production  d'un  sterilisant  selon  la  revendication  4,  ou  ledit  substrat  est  selectionne  dans  le  groupe 
consistant  en  paraformaldehyde,  polyoxymethylene,  melamine-formaldehyde,  uree-formaldehyde,  phenol-formal- 
dehyde,  hexamethylene-tetraamine,  copolymeres  d'oxyde  d'ethylene  et  de  formaldehyde  et  copolymeres  de 

35  trioxane  et  d'un  membre  selectionne  dans  le  groupe  consistant  en  1  ,3  dioxolane  et  un  alkylene  formal. 

6.  Methode  de  production  d'un  sterilisant  selon  I'une  quelconque  des  revendications  1  a  5  ou  le  gaz  libere  par  lesdits 
substrats  liberant  du  gaz  est  selectionne  dans  le  groupe  consistant  en  formaldehyde  et  monoxyde  de  carbone. 

40  7.  Methode  de  production  d'un  sterilisant  selon  la  revendication  1  ou  ladite  irradiation  ionisante  est  selectionnee  dans 
le  groupe  consistant  en  une  irradiation  gamma,  des  rayons  X  et  une  irradiation  par  un  faisceau  d'electrons. 

8.  Methode  de  production  d'un  sterilisant  selon  la  revendication  7  ou  la  quantite  efficace  de  liberation  d'un  gaz  d'une 
irradiation  ionisante  est  de  0,1  Mrad  a  2,3Mrad. 

45 
9.  Methode  de  production  d'un  sterilisant  selon  la  revendication  8  ou  la  quantite  efficace  de  liberation  d'un  gaz  d'irra- 

diation  ionisante  est  de  0,7Mrad  a  1  ,4Mrad. 

1  0.  Methode  de  production  d'un  sterilisant  selon  la  revendication  2  ou  ledit  substrat  solide  liberant  un  gaz  sterilisant  est 
so  forme  en  un  materiau  selectionne  dans  le  groupe  consistant  en  un  film,  une  maille,  un  filament,  une  etoffe,  un  reve- 

tement  et  une  poudre. 

1  1  .  Methode  de  sterilisation  comprenant  la  mise  en  contact  d'un  objet  a  steriliser  avec  un  sterilisant  produit  selon  I'une 
quelconque  des  revendications  precedentes  et  une  irradiation  ionisante. 

55 
12.  Dispositif  de  sterilisation  comprenant  un  moyen  pour  produire  une  irradiation  ionisante  et  une  enceinte  contenant 

un  substrat  liberant  un  gaz  sterilisant. 

13 
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3.  Emballage  pour  sterilisation  in  situ  d'articles  comprenant  une  poche  scellable  contenant  un  substrat  liberant  un  gaz 
sterilisant  capable  de  liberer  un  gaz  sterilisant  lors  d'une  exposition  a  une  irradiation  ionisante. 

4.  Emballage  selon  la  revendication  13  comprenant  une  substance  absorbant  un  gaz  sterilisant  selectionnee  dans  le 
groupe  consistant  en  du  charbon  active,  des  materiaux  de  matrice  de  polysaccharide  a  base  d'acide  citrique,  des 
resines  echangeuses  d'ions  et  des  polymeres  polyhydriques  solubles  dans  I'eau. 

5.  Utilisation  de  la  methode  selon  la  revendication  1  1  pour  la  sterilisation  d'un  article  utilise  en  medecine. 

6.  Utilisation  selon  la  revendication  15  ou  ledit  article  utilise  en  medecine  comprend  une  matiere  bioabsorbable. 

7.  Utilisation  selon  la  revendication  15  ou  ledit  article  utilise  en  medecine  comprend  du  polypropylene. 
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