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The antifungal properties of two silver-coated natural cotton fiber structures prepared using a supercritical
carbon dioxide (scCQ,) solvent were examined. Scanning electron microscopy confirmed that the scCO,
process may be used to produce cotton fiber textiles with uniform silver nanoparticle coatings. A version of
the Kirby-Bauer disk diffusion test was used to assess the ability of these textiles to inhibit fungal growth.
Cotton fabric samples modified with Ag(hepta) and Ag(cod)(hfac) exhibited measurable zones of inhibition.
On the other hand, the uncoated fabric had no zone of inhibition. Possible applications of antifungal textiles
prepared using scCQO, processing include use in hospital uniforms and wound dressings.
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1. Introduction

Textiles are appealing materials for use in several medical
applications, including hospital uniforms and linens; prosthetic
valves, and wound dressings (Ref 1-5). One promising
innovation is to impart these textiles with antimicrobial
properties. Noble metals such as copper, gold, and silver have
broad-spectrum antimicrobial activity. For example, silver has
several effects on microorganisms, including impeding the
electron transport system and preventing DNA replication
(Ref 6-8). Nanocrystalline silver provides Ag’ and Ag" ions to
the surrounding environment (Ref 9-12). As silver ions are
depleted, an equilibrium shift allows additional Ag” and Ag"
ions to be liberated from nanocrystalline silver. In previous
studies, silver has demonstrated antimicrobial activity against a
broad range of fungi, viruses, and bacteria (Ref 12-15).
Processes such as electroless plating (Ref 16), master batch
impregnating (Ref 16), IBAD SPI-ARGENT (Ref 3), layer-by-
layer deposition (Ref 17), RF-plasma-mediated deposition
(Ref 18), dip-pad-dry (Ref 19-21), sol-gel coating (Ref 22, 23),
soaking in silver nanosols (Ref 24), and sonochemical coating
(Ref 25) have previously been used to fabricate textiles that
contain antimicrobial metals.

Supercritical CO, (scCO,) is an attractive process for
imparting antimicrobial functionality to textile materials. It is a
“green” technology, which does not produce any harmful
byproducts (Ref 26). In addition, scCO, processing is relatively
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inexpensive and is amenable to scale-up for industrial produc-
tion. Supercritical CO, processing is widely used for industrial-
scale extraction of chemicals, including coffee decaffeination and
fragrance collection (Ref 26). Supercritical CO, has also been
used for disinfection of medical fabrics (Ref 27). While most
commercial applications of scCO, processing involve the
extraction of chemicals, scCO, processing may also be used to
modify the surface (Ref28) and impregnate the bulk (Ref29, 30).

At temperatures and pressures above 31.1 °C and 73.8 bar,
carbon dioxide exhibits properties of both liquid and gas
(Ref 31-34). Superecritical fluids exhibit low viscosity and high
diffusivity values similar to gases, but exhibit density values
comparable to liquids. Supercritical CO, has recently been uti-
lized for producing silver nanoparticle suspensions (Ref 35-37).
It is also known that scCO, can be used as a solvent to dissolve
metal-organic precursors to form thin films of metals and metal
oxides (Ref 31-34). In previous studies, scCO, processing has
been used to impart polymers (Ref 29) and porous structures
(Ref 30) with antimicrobial functionality by impregnating these
materials with silver nanoparticles. The use of scCO, process-
ing to impregnate textiles with antimicrobial materials has not
been previously investigated.

Candida albicans is a pathogenic yeast that may infect the
skin, mucous membranes, nails, and gastrointestinal tract. The
incidence of candidal infection is rising due to the growing
number of individuals with suppressed immune function caused
by malignancy, HIV infection, antibiotic use, steroid use, or
chemotherapy (Ref 38). In addition, common health problems,
including diabetes mellitus and obesity, can also predispose an
individual to candidal skin infection (Ref 38). Candida
albicans is major cause of nosocomial infections (infections
acquired during medical care); contaminated health care
workers and biomaterials are common sources of these
infections (Ref 39). For example, C. albicans is the most
common fungus isolated from surgical wounds; Giandoni et al.
demonstrated that asymptomatic candidal infection may delay
wound healing (Ref 40, 41). In addition, C. albicans is the most
commonly isolated fungal species in intensive care unit (ICU)
patients; candidal infection is associated with ICU patient
mortality (Ref 42). It is interesting to note that C. albicans may
also cause enzymatic degradation of common textile dyes
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(Ref 43). For example, Vitor et al. demonstrated degradation of
Direct Violet 51 azo dye by C. albicans, which resulted in
removal of color (Ref 43).

In this study, we examined the antifungal properties of two
silver-coated cotton fiber structures that were prepared using
silver precursors dissolved in scCO,. Two different silver
precursor materials, Ag(hepta) and Ag(cod)(hfac), were inves-
tigated. A variation of the Kirby-Bauer disk diffusion test was
utilized to assess the ability of these textiles to inhibit growth of
C. albicans. The Kirby-Bauer disk diffusion test is a National
Committee on Clinical Laboratory Standards (Wayne, PA)
procedure for assessing antimicrobial activity of materials
(Ref 44), which has previously been used to assess the
antimicrobial performance of textile materials (Ref 45). The
prescribed method of the Kirby-Bauer assay was followed with
the exception that silver-coated fabric was used instead of disks
containing antibiotic agents. The results of this study suggest
that scCO, process may be used to coat textiles with antifungal
silver for a variety of medical applications.

2. Experimental Procedure

In this work, modification of cotton fabrics using scCO, was
investigated. The silver precursors dissolved in scCO, were
able to diffuse into the dense fiber network of the woven cotton
structures and react with the cotton to deposit thin films and
particles of silver. The size and density of the deposited
particles may be controlled by altering the deposition condi-
tions. A schematic of the scCO, system used for deposition of
the silver nanoparticles can be seen in Fig. 1. Pressurized CO,
(99.99% purity) was pumped into a stainless steel cylindrical-
shaped reactor, which was heated with heating tape. The
volume of the reactor used in this study was ~110 mL.
Hydrogen was also introduced into the reactor to reduce the
precursor material to metal. The inside of the reactor was
observed through a sapphire viewing window. The pressure and
temperature of the scCO, were monitored with a pressure gage
and a thermocouple, respectively.

The experimental procedure for the fabrication of silver-
coated cotton fabrics is shown in Fig. 2. 2.0 cm x 2.0 cm
cotton pieces and either 10 mg of Ag(hepta) or 2.1 x 10~* mol/
L of Ag(cod)(hfac) were placed in the preheated reactor before
it was filled with pressurized CO,. The pressure and temper-
ature of the dissolution process were 21 MPa and 40 °C,
respectively. The supercritical fluid color remained clear after
dissolution of the precursor. The cotton fabric samples were left
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Fig. 1 Schematic of the scCO, system
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in the chamber with the dissolved precursor for between 10 and
15 h, allowing the dissolved precursor to diffuse into the
individual cotton fibers. After the diffusion process, the reaction
chamber was allowed to vent. The temperature was then raised
to 80 °C. Supercritical CO, with hydrogen gas (0.7 MPa) was
introduced into the reaction chamber for reduction of the
impregnated precursor. The decomposition time was 6 h. The
decomposition pressure and temperature utilized in this study
were 22 MPa and 80 °C, respectively. After the reaction
chamber was vented, the scCO, fluid was replaced with fresh
compressed CO,, which was used for rinsing the materials.
Scanning electron microscopy of the silver-coated cotton
fabrics was performed using a S3200 system (Hitachi, Tokyo,
Japan), which was equipped with a Robinson backscattered
electron detector and an energy-dispersive X-ray spectrometer.

The antifungal properties of the Ag(hepta)- and Ag(cod)-
(hfac)-coated fabrics were examined using C. albicans. The
prescribed method of the Kirby-Bauer assay was followed with
the exception that silver-coated fabric was used instead of disks
containing antibiotic agents (Ref 44). Untreated cotton fabric
was used as a negative control in these experiments. All fabrics
were cut into ~0.50 cm x ~0.25 c¢m rectangles. 1% w/v Bacto
yeast extract (BD Diagnostics, Sparks, MD), 2% w/v Bacto
peptone (BD Diagnostics, Sparks, MD), 2% w/v dextrose
(Mallinckrodt Chemical, St. Louis, MO), and 2% w/v granu-
lated agar (BD Diagnostics, Sparks, MD), commonly known as
YPD agar, were used as growth media. The microorganism
used in this study was C. albicans strain DUMC 117.00 (Duke
University Medical Center, Durham, NC). A 0.5 McFarland
Standard of C. albicans in sterile deionized water was prepared.
The turbidity was verified using a Stasar II spectrophotometer
(Gilford Instruments, Oberlin, OH). Sterile cotton-tipped appli-
cator sticks were used to spread the cell suspension onto the
agar plates. A different applicator stick was used for each plate.
The fabrics were placed on the plates after inoculation.
Triplicates of the same type of fabric were placed on each
plate. Different types of fabrics were placed on separate plates.
After the fabrics were placed on the plates, the plates were
incubated at 37 °C for the duration of the study. The plates
were examined at 0, 12, 24, 36, and 48 h after inoculation.
Examination consisted of measuring zones of inhibition of cell
growth on the agar and obtaining images of the fabrics to detect
growth on the fabrics. An EZ4 D dissection stereo-microscope
(Leica Microsystems, Bannockburn, IL) was used for imaging
of the samples.
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Bl Ol |
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Fig. 2 Procedure for fabrication of silver-coated cotton fabrics
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3. Results and Discussion

Scanning electron microscopy images of the three fabrics
can be seen in Fig. 3. The silver-coated fabrics demonstrated
both (a) a thin layer of silver over the entire fabric surface and
(b) a scattering of silver aggregates on regions of the fabric
surface. The appearance of streaks on the fibers was caused by

Fig. 3 Scanning electron micrographs of Ag(hepta)-modified fabric
(top), Ag(cod)(hfac)-modified fabric (middle), and uncoated fabric
(bottom)
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electron beam-initiated swelling of the cotton fibers. A increase
in volume of the cotton fiber caused fissures to form in the
silver film; these features appear as streaks in the electron
micrographs. Additional scanning electron microscopy images
of the silver-coated fabrics showing both silver aggregates and
electron beam-induced fissures are provided in Fig. 4. In this
figure, the Ag(hepta)-modified fabric exhibited a greater
number of silver crystals on its surface than the Ag(cod)-
(hfac)-modified fabric. The energy dispersive X-ray spectra for
Ag(hepta)-modified fabric, Ag(cod)(hfac)-modified fabric, and
uncoated fabric can be seen in Fig. 5. All three fabrics
exhibited trace amounts of copper and aluminum. The energy
dispersive X-ray spectra of the uncoated cotton demonstrated
that the material contained no silver. Energy dispersive X-ray
spectra also indicated that the Ag(hepta)-modified fabric and
Ag(cod)(hfac)-modified fabric contain similar amounts of
silver. The cotton is primarily made up of cellulosic polymer,
which contains a significant amount of hydroxyl groups on the
surface. In the presence of hydrogen, it is likely that the silver
precursors reacted at the surface to reduce the metal to Ag” and
oxidize the functional ligands. This mechanism is often found
in other deposition techniques, including chemical vapor
deposition and atomic layer deposition. The oxidized ligands
were subsequently dissolved in the scCO, and removed from the

Fig. 4 Scanning electron micrographs of Ag(hepta)-modified fabric
(top) and Ag(cod)(hfac)-modified fabric (bottom). The lighter-colored
regions on the silver-modified fibers represent silver aggregates
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Fig. 5 Energy dispersive X-ray spectra overlay of Ag(hepta)-modified fabric (top) and Ag(cod)(hfac)-modified fabric (bottom). The spectra of
the coated fabrics are in gray, and spectrum of the uncoated fabric is in black

Fig. 6 Ag(hepta)-modified fabric (top), Ag(cod)(hfac)-modified fabric (center), and uncoated fabric (bottom). Images obtained at 0, 12, 24, 36,
and 48 h after initiation of the experiment are shown from left to right. Scale bar = 1 mm

system, resulting in silver coatings on the fibers (Ref 24-27). oxidation/reduction of the precursors at deposited silver
The formation of particles could result from either (a) surface sites, which promoted formation of clusters and nano-
diffusion of silver atoms or small clusters or (b) preferred particles.
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Fig. 7 Optical micrographs showing zones of inhibition for Ag(hepta)-modified fabric (left) and Ag(cod)(hfac)-modified fabric (center) at 12 h.
An optical micrograph of the uncoated fabric at 12 h (right) is provided for comparison purposes. Scale bar = 1 mm

Images were obtained at 0, 12, 24, 36, and 48 h after
initiation of the antimicrobial susceptibility assay. Images of the
silver-coated and uncoated fabrics at these times are shown in
Fig. 6. At 12 h, a confluent layer of small colonies formed on
the agar. Zones of inhibition of fungal growth were observed
in Ag(hepta)-modified and Ag(cod)(hfac)-modified fabrics.
Enlarged images of the zones of inhibition of the three fabrics
at 12 h are shown in Fig. 7. Zones of inhibition were measured
from the edge of the fabric to the first sign of growth. The
average radius of inhibited growth was 1.2 mm for both
Ag(hepta)-modified and Ag(cod)(hfac)-modified fabrics. The
uncoated cotton had no observed zone of inhibition. At 24 h,
some fungal cells began to appear within the zones of inhibition
for Ag(hepta)-modified and Ag(cod)(hfac)-modified fabric
samples. The Ag(hepta)-modified surface exhibited a smaller
number of colonies than the Ag(cod)(hfac)-modified surface;
this result may be attributed to the arrangement of silver
crystals on the fabric surface.

4. Summary

In this study, scCO, processing was shown to be a viable
technique for producing antifungal textiles that may be used in
medical applications. While the samples examined in this study
were small in size, scCO, processing can easily be scaled up for
commercial production of silver-coated textiles. After exposure
to C. albicans, fabrics modified with Ag(hepta) and Ag(cod)
(hfac) demonstrated measurable zones of inhibition. On the
other hand, the uncoated fabric exhibited no zone of inhibition.
Use of scCO, for imparting antimicrobial functionality to
materials has several advantages, including relatively low
processing temperatures, nonflammable processing materials,
and nontoxic reactants. Supercritical CO, processing may be
used to impart antifungal functionality to textiles used in wound
dressings. Hospital uniforms containing antifungal textiles may
be used to prevent the spread of fungal infections in hospitals,
nursing homes, and other healthcare settings.

Acknowledgments

One of the authors (GNP) acknowledges support from the
International Lead Zinc Research Organization, Inc., and support
from the National Science Foundation under cooperative agree-
ment CHE-9876674 and under project CTS-0626256.

372—Volume 19(3) April 2010

References

1. S. Petrulyte, Advanced Textile Materials and Biopolymers in Wound
Management, Dan. Med. Bull., 2008, 55, p 72-77

2. X. Chen and H.J. Schluesener, Nanosilver: A Nanoproduct in Medical
Application, Toxicol. Lett., 2008, 176, p 1-12

3. K.S. Tweden, J.D. Cameron, A.J. Razzouk, and R.W. Bianco, Silver
Modification of Polyethylene Terephthalate Textiles for Antimicrobial
Protection, ASAIO J., 1997, 43, p M475-M481

4. A. Gauger, M. Mempel, A. Schekatz, T. Schifer, J. Ring, and D.
Abeck, Silver-Coated Textiles Reduce Staphylococcus aureus Coloni-
zation in Patients with Atopic Eczema, Dermatology, 2003, 207, p 15—
21

5. S. Haug, A. Roll, P. Schmid-Grendelmeier, P. Johansen, B. Wiithrich,
T.M. Kiindig, and G. Senti, Coated Textiles in the Treatment of Atopic
Dermatitis, Curr. Probl. Dermatol., 2006, 33, p 144-151

6. P.D. Bragg and D.J. Rainnie, The Effect of Silver lons on the
Respiratory Chain of Escherichia coli, Can. J. Microbiol., 1974, 20,
p 883-889

7. M.S. Modak and C.L. Fox, Binding of Silver Sulfadiazine to the
Cellular Components of Pseudomonas aeruginosa, Biochem. Pharma-
col., 1973, 22, p 2391-2404

8. H.S. Rosenkranz and S. Rosenkranz, Silver Sulfadiazine: Interaction
with Isolated Deoxyribonucleic Acid, Antimicrob. Agents Chemother.,
1972, 22, p 373-383

9. C.R. Ricketts, E.J. Lowbury, J.C. Lawrence, M. Hall, and M.D.
Wilkins, Mechanism of Prophylaxis by Silver Compounds Against
Infection of Burns, Br. Med. J., 1970, 2, p 444-446

10. P. Spacciapoli, D. Buxton, D. Rothstein, and P. Friden, Antimicrobial
Activity of Silver Nitrate Against Periodontal Pathogens, J. Periodon-
tal Res., 2001, 36, p 108—113

11. P.A. Maple, J.M. Hamilton-Miller, and W. Brumfitt, Comparison of the
In Vitro Activities of the Topical Antimicrobials Azelaic Acid,
Nitrofurazone, Silver Sulphadiazine and Mupirocin Against Methicillin-
Resistant Staphylococcus aureus, J. Antimicrob. Chemother., 1992, 29,
p 661-668

12. PK. Stoimenov, R.L. Klinger, G.L. Marchin, and K.J. Klabunde, Metal
Oxide Nanoparticles as Bactericidal Agents, Langmuir, 2002, 18,
p 6679-6686

13. R.M. Slawson, M.I. Van Dyke, H. Lee, and J.T. Trevors, Germanium
and Silver Resistance, Accumulation, and Toxicity in Microorganisms,
Plasmid, 1992, 27, p 72-79

14. GJ. Zhao and S.E. Stevens, Multiple Parameters for the Comprehen-
sive Evaluation of the Susceptibility of Escherichia coli to the Silver
Ton, Biometals, 1998, 11, p 27-32

15. J.A. Spadaro, T.J. Berger, S.D. Barranco, S.E. Chapin, and R.O.
Becker, Antibacterial Effects of Silver Electrodes with Weak Direct
Current, Antimicrob. Agents Chemother., 1974, 6, p 637642

16. J. Gabbay, G. Borkow, J. Mishal, E. Magen, R. Zatcoff, and Y. Shemer-
Avni, Copper Oxide Impregnated Textiles with Potent Biocidal
Activities, J. Ind. Textiles, 2006, 35, p 323-335

17. S.T. Dubas, P. Kumlangdudsana, and P. Potiyaraj, Layer-by-Layer
Deposition of Antimicrobial Silver Nanoparticles on Textile Fibers,
Colloid Surf. 4, 2006, 289, p 105-109

18. T. Yuranova, A.G. Rincon, A. Bozzi, S. Parra, C. Pulgarin, P. Albers,
and J. Kiwi, Antibacterial Textiles Prepared by RF-Plasma and

Journal of Materials Engineering and Performance



20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

Vacuum-UV Mediated Deposition of Silver, J. Photochem. Photobiol.
A, 2003, 161, p 27-34

. HJ. Lee, S.Y. Yeo, and S.H. Jeong, Antibacterial Effect of Nanosized

Silver Colloidal Solution on Textile Fabrics, J. Mater. Sci., 2003, 38,
p 2199-2204

H.J. Lee and S.H. Jeong, Bacteriostasis and Skin Innoxiousness of
Nanosize Silver Colloids on Textile Fabrics, Textile Res. J., 2005, 75,
p 551-556

S.H. Jeong, Y.H. Hwang, and S.C. Yi, Antibacterial Properties of
Padded PP/PE Nonwovens Incorporating Nano-Sized Silver Colloids,
J. Mater. Sci., 2005, 40, p 5413-5418

B. Mahltig, D. Fiedler, and H. Béttcher, Antimicrobial Sol-Gel
Coatings, J. Sol-Gel Sci. Technol., 2004, 32, p 219-222

J.J. Blaker, S.N. Nazhat, and A.R. Boccaccini, Development and
Characterisation of Silver-Doped Bioactive Glass-Coated Sutures for
Tissue Engineering and Wound Healing Applications, Biomaterials,
2004, 25, p 1319-1329

E. Falletta, M. Bonini, E. Fratini, A. Lo Nostro, G. Pesavento,
A. Becheri, P. Lo Nostro, P. Canto, and P. Baglioni, Clusters of
Poly(acrylates) and Silver Nanoparticles: Structure and Applications
for Antimicrobial Fibers, J. Phys. Chem. C, 2008, 121, p 11758-11766
1. Perelshtein, G. Applerot, N. Perkas, G. Guibert, S. Mikhailov, and
A. Gedanken, Sonochemical Coating of Silver Nanoparticles on Textile
Fabrics (Nylon, Polyester and Cotton) and their Antibacterial Activity,
Nanotechnology, 2008, 19, p 245705-1-245705-6

C. Aymonier, A. Erriguible, S. Marre, A. Serani, and F. Cansell,
Processes Using Supercritical Fluids: A Sustainable Approach for the
Design of Functional Nanomaterials, Int. J. Chem. Reactor Eng., 2007,
5, p A77

C. Cinquemani, C. Boyle, E. Bach, and E. Schollmeyer, Inactivation of
Microbes Using Compressed Carbon Dioxide—An Environmentally
Sound Disinfection Process for Medical Fabrics, J. Supercritical
Fluids, 2007, 42, p 392-397

C. Aymonier, C. Elissalde, H. Reveron, F. Weill, M. Maglione, and
F. Cansell, Supercritical Fluid Technology of Nanoparticles Coating for
New Ceramic Materials, J. Nanosci. Nanotechnol., 2005, 5, p 980-983
F. Furno, K. Morley, B. Wong, B.L. Sharp, P.L. Armold, S.M. Howdle,
R. Bayston, P.D. Brown, P.D. Winship, and H.J. Reid, Silver
Nanoparticles and Polymeric Medical Devices: A New Approach to
Prevention of Infection?, J. Antimicrob. Chemother., 2004, 54, p 1019—
1024

K.S. Morley, P.C. Marr, P.B. Webb, A.R. Berry, F.J. Allison,
G. Moldovan, P.D. Brown, and S.M. Howdle, Clean Preparation of
Nanoparticulate Metals in Porous Supports: A Supercritical Route,
J. Mater. Chem., 2002, 12, p 1898-1905

Journal of Materials Engineering and Performance

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

. Q. Peng, J.C. Spagnola, and G.N. Parsons, Self-Catalyzed Hydrogen-
olysis of Ni(cp)2: Functional Metal Coating of Three-Dimensional
Nanosystems at Low Temperature, J. Electrochem. Soc., 2008, 155,
p D580-D582

Q. Peng, D. Hojo, K.J. Park, and G.N. Parsons, Low Temperature
Metal Oxide Film Deposition and Reaction Kinetics in Supercritical
Carbon Dioxide, Thin Solid Films, 2008, 516, p 4997-5003

Q. Peng, J.C. Spagnola, H. Daisuke, K.J. Park, and G.N. Parsons,
Conformal Metal Oxide Coatings on Nanotubes by Direct Low-
Temperature Metal-Organic Pyrolysis in Supercritical Carbon Dioxide,
J. Vac. Sci. Technol. B, 2008, 26, p 978-982

T. Gougousi and Z.Y. Chen, Deposition of Yttrium Oxide Thin Films
in Supercritical Carbon Dioxide, Thin Solid Films, 2008, 516, p 6197—
6204

M. Ji, X. Chen, C.M. Wai, and J.L. Fulton, Synthesizing and
Dispersing Silver Nanoparticles in a Water-In-Supercritical Carbon
Dioxide Microemulsion, J. Am. Chem. Soc., 1999, 121, p 2631-2632
H. Ohde, F. Hunt, and C.M. Wai, Synthesis of Silver and Copper
Nanoparticles in a Water-In-Supercritical-Carbon Dioxide Microemul-
sion, Chem. Mater., 2001, 13, p 4130-4135

P.S. Shah, S. Husain, K.P. Johnston, and B.A. Korgel, Nanocrystal
Arrested Precipitation in Supercritical Carbon Dioxide, J. Phys. Chem.
B, 2001, 105, p 9433-9440

B. Havlickova, V.A. Czaika, and M. Friedrich, Epidemiological Trends
in Skin Mycoses Worldwide, Mycoses, 2008, 51, p 2-15

M.A. Pfaller, Nosocomial Candidiasis: Emerging Species, Reservoirs,
and Modes of Transmission, Clin. Infect. Dis., 1996, 22, p S89-S94
D. Kaya, C.A. Agartan, and M. Yucel, Agents as a Cause of Surgical
Wound Infections: An Overview of Host Factors, Wounds, 2007, 19,
p 218-222

M.B. Giandoni and W.J. Rabski, Cutaneous Candidiasis as a Cause of
Delayed Surgical Wound Healing, J. Am. Acad. Dermatol., 1994, 30,
p 981-984

J.J. Picazo, F. Gonzalez-Romo, and F.J. Candel, Candidemia in the
Critically Il Patient, Int. J. Antimicrob. Agents, 2008, 32, p S83-S85
V. Vitor and C.R. Corso, Decolorization of Textile Dye by Candida
albicans Isolated from Industrial Effluents, J. Ind. Microbiol. Biotech-
nol., 2008, 35, p 1353-1357

Laboratory and Clinical Standards Institute, Approved Standard:
M2-A9, Performance Standards for Antimicrobial Disk Susceptibility
Tests, 9th ed., Clinical and Laboratory Standards Institute, Wayne, PA,
2006

U.C. Hipler, P. Elsner, and J.W. Fluhr, Antifungal and Antibacterial
Properties of a Silver-Loaded Cellulosic Fiber, J. Biomed. Mater: Res.
B Appl. Biomater., 2006, 77, p 156163

Volume 19(3) April 2010—373



	Antifungal Textiles Formed Using Silver Deposition in Supercritical Carbon Dioxide
	1. Introduction
	2. Experimental Procedure
	3. Results and Discussion
	4. Summary
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


