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Abstract The antiviral properties of zeolite (sodium
aluminosilicate) powders amended with metal ions were
assessed using human coronavirus 229E, feline infectious
peritonitis virus (FIPV), and feline calicivirus F-9. Zeolites
containing silver and silver/copper caused significant
reductions of coronavirus 229E after 1 h in suspension. The
silver/copper combination yielded a >5.13-log; reduction
within 24 h. It was also the most effective (>3.18-log;q)
against FIPV after 4 h. Other formulations were ineffective
against FIPV. On plastic coupons with incorporated silver/
copper-zeolites, >1.7-log;, and >3.8-log;( reductions were
achieved for coronavirus 229E and feline calicivirus within
24 h, respectively. Silver/copper zeolite reduced titers of all
viruses tested, suggesting that it may be effective against
related pathogens of interest [i.e., SARS coronavirus, other
coronaviruses, human norovirus (calicivirus)]. Of note, it
was effective against both enveloped and nonenveloped
viruses. Metal-zeolites could therefore possibly be used in
applications to reduce virus contamination of fomites and
thus the spread of viral diseases.
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Introduction

By July of 2003, 8,098 probable cases of severe acute
respiratory syndrome (SARS) resulting in 774 deaths had
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been reported to the World Health Organization (WHO)
from 29 countries on five continents (Centers for Disease
Control and Prevention 2003; World Health Organization
2004). A novel coronavirus, SARS coronavirus (SCoV)
was isolated from patients (Ksiazek et al. 2003;
Navas-Martin and Weiss 2004). Before the identification of
SCoV, two coronaviruses were known to infect humans,
strains 229E and OC43 (Navas-Martin and Weiss 2004).
These cause mild, self-limiting, upper respiratory tract
infections (Myint 1994) and belong to the Group I and
Group II coronaviruses, respectively. SCoV possesses
characteristics specific to all three coronavirus groups
(Navas-Martin and Weiss 2004), but is not closely related to
any (Poutanen et al. 2003). It is apparently an animal virus
that recently adapted to cross the species barrier, allowing
for human-to-human transmission (Antia et al. 2003).

Human norovirus (NoV) causes illness in an estimated
23 million people in the United States each year, resulting
in 50,000 hospitalizations and 310 deaths (Mead et al.
1999). It has been suggested that NoV may be the leading
cause of foodborne illness in the United States
(Widdowson et al. 2005), responsible for approximately
66% of all cases with known etiologies (Mead et al. 1999)
and at least 50% of all foodborne outbreaks of gastro-
enteritis (Centers for Disease Control and Prevention
2006). NoV was identified in 93% of nonbacterial gas-
troenteritis outbreaks by the Centers for Disease Control
and Prevention (CDC) between 1997 and 2000 in the
United States (Fankhauser et al. 2002). Similarly, sur-
veillance by the Foodborne Viruses in Europe network
found that NoV was responsible for greater than 85% of
all nonbacterial gastroenteritis outbreaks from 1995 to
2000 (Lopman et al. 2003).

Nonenveloped viruses are typically more resistant to
environmental conditions and the action of antimicrobials
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than enveloped viruses (Watanabe et al. 1989; Barker et al.
2001). Feline calicivirus has been found to persist for up to
28 days in a dry environment at room temperature
(Doultree et al. 1999). Also, in a study by Smid et al.
(1991), rabbit hemorrhagic disease virus (also a calicivirus)
survived for at least 105 days in a dried state at room
temperature. Viruses that cause symptoms such as vomit-
ing or diarrhea are likely to contaminate the environment.
In one study, 607 of 680 (89%) norovirus outbreaks were
linked to person-to-person transmission (Evans et al. 1998)
that included poor hand hygiene as well as surface-to-
surface transmission (Barker et al. 2001). Also, successive
outbreaks of norovirus infections in passengers on cruise
ships on separate trips have strongly implicated environ-
mental contamination (Barker et al. 2001). Enveloped
viruses are typically less stable in the environment, yet the
SCoV is able to survive on fomites for up to 96 h (Duan
et al. 2003). The transmission of SCoV is believed to be
multifactorial, with evidence from previous outbreaks
suggestive of at least some role for contaminated fomites in
the transmission of the virus (Dowell et al. 2004; Chu et al.
2005).

Zeolite (sodium aluminosilicate) powders (AgION
Technologies, Wakefield, MA, USA) form porous crys-
tals. Metal ions may reside within these pores and
zeolites can act as ion exchangers, exchanging metal ions
for other cations in the environment. Although the effect
of metal-zeolites has been documented in numerous
studies with bacteria (Bright et al. 2002; Takai et al. 2002;
Cowan et al. 2003; Rusin et al. 2003; Kwakye-Awuah
et al. 2008), the use of zeolite powders containing heavy
metal ions to reduce coronaviruses and caliciviruses has
not been previously reported. This paper describes the
antiviral effect of suspensions of zeolite powders
amended with silver (Ag), copper (Cu), and zinc (Zn)
ions in phosphate-buffered saline against human
coronavirus 229E and feline infectious peritonitis virus
(FIPV; feline coronavirus). This report also includes
tests of the survival of human coronavirus 229E, FIPV,
and feline calicivirus on the surfaces of plastics with
zeolite containing Ag and Cu ions incorporated into the
plastic.

Human coronavirus 229E and FIPV were employed in
this study as surrogates for other coronaviruses. Feline
calicivirus was also included as a surrogate for NoV.
There is currently no practical method for propagating
human NoV in cell culture monolayers. Feline calicivi-
rus, on the other hand, grows readily in cell culture. It is
in the same family as human NoV and is commonly
used as a NoV surrogate in experiments (Slomka and
Appleton 1998; Clay et al. 2006) because of its bio-
chemical and genetic similarities to NoV (Jiang et al.
1993).
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Materials and Methods
Virus Preparation

Human coronavirus strain 229E (ATCC #VR-740) was
obtained from the American Type Culture Collection
(ATCC, Manassas, VA, USA). It was maintained on MRC-5
(fetal human lung fibroblast, ATCC #CCL-171) cell line
monolayers with minimal essential medium (MEM, mod-
ified with Earle’s salts, Irvine Scientific, Santa Ana, CA,
USA) containing 2% fetal bovine serum (FBS, Hyclone,
Logan, UT, USA) at an incubation temperature of 35°C
with 5% CO,. Coronavirus 229E replicates better at this
temperature than at 37°C. Feline infectious peritonitis virus
(FIPV; ATCC #VR-990) and feline calicivirus strain F-9
(ATCC #VR-782) were maintained in the same manner on
CRFK (Crandell Reese feline kidney, ATCC #CCL-94)
cell line monolayers.

Viruses were purified by centrifugation (750xg) to
remove cell debris followed by polyethylene glycol (9%
PEG, 0.5 mol/l NaCl) precipitation. Viral titrations were
performed using the Reed-Muench method (Payment and
Trudel 1993) to determine the tissue culture infectious dose
that affected 50% of the cultures (TCIDs5).

Metal-Zeolite Powders in Suspension

Coronavirus strains 229E and FIPV were added to
Erlenmeyer flasks containing 30.0 ml of phosphate buffered
saline (PBS, pH 7.4; Sigma-Aldrich, St. Louis, MO, USA)
with 10.0 mg of suspended zeolite test powder [either
unamended powder, 20.0% Ag (w/w), 3.5% Ag/6.5% Cu,
or 0.6% Ag/14% 7Zn/80% ZnO] (AgION Technologies,
Wakefield, MA, USA). Positive control flasks without
zeolite powder were also included. All experiments were
performed in duplicate.

The positive control flasks (without zeolite powders)
were sampled immediately (ft = 0 h) by removing 1.0 ml
from each flask and placing it into 1.0 ml of D/E neutral-
izing broth (Remel, Lenexa, KS, USA). The 2.0 ml
volumes were mixed thoroughly and placed into 4.0 ml of
PBS (pH 7.4). All test flasks were then placed on an orbital
shaker (200 rpm) at room temperature (23°C) and were
sampled at 1, 4, and 24 h in the manner described previ-
ously. All samples were frozen in 1.0 ml aliquots at
—80°C. Frozen aliquots were subsequently assayed using
the Reed-Muench TCIDs, method as before (Payment and
Trudel 1993).

Plastics with Incorporated Metal-Zeolites

Plastic coupons (5 cm by 5 cm) with either 5 or 10% (w/w)
zeolite (containing 3.5% Ag and 6.5% Cu ions) incorporated
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into the plastic during manufacture prior to molding were
used in this set of experiments. To further clarify, the test
coupons all contained zeolites amended with 3.5% Ag and
6.5% Cu (w/w), but with differing amounts [5 or 10% w/w]
of this Ag/Cu zeolite incorporated into the plastic. The
plastic coupons were sanitized with 70% ethanol, allowed to
air dry, and then evenly inoculated using a sterile glass rod
with 0.1 ml of diluted virus (human coronavirus 229E or
feline calicivirus). Three control coupons (without zeolite)
were sampled immediately using a sterile polyester swab
dipped in 1.0 ml of D/E neutralizing broth (Remel, Lenexa,
KS, USA) to determine the original virus titer recovered.
The remaining coupons were then placed in humidity
chambers at a relative humidity of approximately 95% and
incubated at room temperature (23°C). At 1, 4, and 24 h, the
coupons were swabbed as before. Because the experiment
was conducted in a nonsterile environment, samples were
filtered using a 0.22-um pore size Acrodisc® syringe filter
(Pall, Ann Arbor, MI, USA) pre-wetted with 3% beef
(pH 7.0) extract to remove any contaminating bacteria/fungi
and then frozen in 1.0 ml aliquots at —80°C. All experi-
ments were performed in triplicate. Frozen aliquots were
subsequently enumerated in duplicate using a plaque-
forming assay (for feline calicivirus) described by Bidawid
et al. (2003) or the Reed-Muench TCIDsy, method (for
coronavirus 229E) as described previously (Payment and
Trudel 1993).

Statistical Analysis

A Student’s ¢ test was used to compare the viral counts
recovered from the flasks containing test powder suspen-
sions and test plastic coupons to those recovered from the
positive controls.

Results
Metal-Zeolite Powders in Suspension

Amended zeolite powder suspensions were compared to
determine which heavy metal combinations demonstrated
the greatest activity against human coronavirus 229E.
Unamended powder was used as a control to evaluate the
effect of adsorption. The effect of Cu alone was undeter-
mined. The results of the suspension tests are presented in
Table 1. The results from the flasks containing zeolite
control powder indicate that removal of virus was not due
to adsorption by zeolite particles. Of the powder suspen-
sions tested, the 3.5% Ag/6.5% Cu ion combination was
the most efficacious, yielding a 1.08-log;o reduction of
229E after 1 h, a 2.06-log;o reduction after 4 h, and a
>5.13-log;o reduction after 24 h of exposure. The greatest
reductions observed for the other amended powders were
following 24 h of exposure; nevertheless, the reductions at
24 h were not significantly greater (P = 0.274) than those
after 4 h of exposure.

The 3.5% Ag/6.5% Cu combination was also effective
(>3.18-log,( reduction) against FIPV within 4 h; however,
neither of the other formulations was effective against
FIPV, even after 24 h of exposure.

Plastics with Incorporated Metal-Zeolites

The results for the virus survival on the plastics with
incorporated Ag/Cu-zeolite are shown in Table 2. Signifi-
cant reductions were observed for coronavirus 229E on the
Ag/Cu-zeolite plastic coupons after 24 h of exposure with
a 1.84-log;y and a 1.77-log;o reduction achieved on the
5% and 10% (wt/wt) zeolite coupons, respectively. The

Table 1 Log;, reduction of coronaviruses after exposure to zeolite test powders amended with heavy metals

Virus Time (h) Positive Zeolite Amended zeolite powder (w/w)
control® control”
3.5% Ag 6.5% Cu 20% Ag 0.6% Ag 14% Zn 80% ZnO
229E (human) 1 0.00 £ 0.00 0.00 £+ 0.24 1.08* £ 0.07 0.43* 4 0.09 0.50 + 0.24
4 0.70 £ 0.00 0.26 £+ 0.28 2.06* £+ 0.18 1.28% £+ 0.12 1.30 £ 0.00
24 0.59 + 0.14 0.16 £+ 0.05 >5.13* £ 0.00° 1.92% £+ 0.47 1.45 4+ 0.66
FIPV (feline) 1 0.16 £ 0.12 0.08 £ 0.13 1.91* £ 0.31 0.14 £ 0.61 0.50 £ 0.66
4 0.01 £0.20 0.08 £+ 0.20 >3.18* £ 0.00° 0.40 £+ 0.69 042 £+ 048
24 0.10 £ 0.36 0.35 +£ 043 >3.18* £ 0.00° 0.30 £+ 1.52 0.53 £ 1.06

The experiments were conducted in duplicate at room temperature. The original titer was 5.0 x 10° TCIDsy/ml for human coronavirus and
5.6 x 10° TCIDso/ml for feline coronavirus. The + indicates the standard deviation for the duplicate samples

* Reduction was statistically significant (P < 0.05) in comparison to the positive control

? Virus, phosphate buffered saline (PBS) and D/E neutralizer

° Virus, phosphate buffered saline (PBS), unamended zeolite powder, and D/E neutralizer

¢ Below the detection limit
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Table 2 Log,, reduction of viruses on plastic coupons impregnated (5% or 10%) with zeolite powder (containing 6.5% copper, 3.5% silver ions)

Virus Time (h) Positive control® 5% Zeolite (w/w) 10% Zeolite (w/w)
Coronavirus 229E 0.22 £+ 0.51 0.93 £ 0.05 0.80 £ 0.00
4 0.50 £ 0.61 0.52 + 0.47 044 £ 0.24
24 0.67 £ 0.61 1.84* £ 0.20 1.77*% £ 0.24
Feline calicivirus 0.04 £ 0.03 0.25* £ 0.06 0.67* £+ 0.14
4 0.17 £+ 0.08 0.64* £+ 0.19 0.96 £ 1.45
24 0.40 + 0.32 3.84 £ 1.02 5.05% £ 0.21

The experiment was conducted in triplicate at room temperature. The original titer was 4.0 x 10° TCIDs¢/ml for human coronavirus and
5.0 x 10° PFU/ml for feline calicivirus. The + indicates the standard deviation for the triplicate samples

* Reduction was statistically significant (P < 0.05) in comparison to the positive control

 Plastic coupons without zeolite

reductions for feline calicivirus were greater, including a
3.84-log;( reduction on the 5% Ag/Cu-zeolite coupons and
a 5.05-log,( reduction on the 10% Ag/Cu-zeolite coupons
after 24 h.

Discussion

To date, there have been no detailed studies of the inter-
action between heavy metals and viruses. Viruses that
contain sulthydryl termini may bind silver, interfering with
viral replication (Davies and Etris 1997). Silver may also
modify the adsorption of viruses to host cells (Tzagoloff
and Pratt 1964). Thurman and Gerba (1989) suggested that
viral inactivation might not require a metabolic process.
For instance, the virus may be immobilized to a surface, the
host-cell receptors may be blocked, or the nucleic acid
within the viral capsid may be inactivated.

Copper is toxic to most microorganisms at higher con-
centrations, possibly due to the blocking of functional
groups on proteins and the inactivation of enzymes
(Faundez et al. 2004). Zinc oxide produces an active
oxygen species at its surface that has a similar oxidative
effect to hydrogen peroxide when it dissociates. This may
damage the viral capsid and allow more metal ions inside
the virus.

Unlike the respiratory disease caused by coronavirus
229E, FIPV causes gastrointestinal symptoms. The fact that
Ag/Cu zeolite is effective against two substantially differ-
ent coronaviruses suggests that it may also be effective in
reducing the SCoV which causes severe respiratory dis-
ease, but which may also have a gastrointestinal component
and is shed in the feces for greater than 10 weeks (Leung
et al. 2003). The Ag/Cu zeolite was also effective against
the nonenveloped feline calicivirus whose physical prop-
erties differ greatly from the enveloped coronaviruses.

Zeolite powders containing antiviral heavy metals
have many potential applications. They may be added to
materials such as plastics, paints, and synthetic fabrics
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(Quintavalla and Vicini 2002; Takai et al. 2002), and may
be bonded to surfaces such as stainless steel (Bright et al.
2002; Cowan et al. 2003; Rusin et al. 2003). The effec-
tiveness of the Ag/Cu zeolite against substantially different
viruses appears promising for its potential use in applica-
tions to reduce environmental contamination of fomites by
viral pathogens and thus the spread of diseases. Additional
tests utilizing zeolites containing copper ions alone or in
combination with various metals against other disparate
viruses are needed.

Acknowledgment The authors would like to thank AgION Tech-
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in these experiments.

References

Antia, R., Rogoes, R. R., Koella, J. C., & Bergstrom, C. T. (2003).
The role of evolution in the emergence of infectious diseases.
Nature, 426, 658—661.

Barker, J., Stevens, D., & Bloomfield, S. F. (2001). Spread and
prevention of some common viral infections in community
facilities and domestic homes. Journal of Applied Microbiology,
91, 7-21.

Bidawid, S., Malik, N., Adegunrin, O., Sattar, S. S., & Farber, J. M.
(2003). A feline kidney cell line-based plaque assay for feline
calicivirus, a surrogate for Norwalk virus. Journal of Virological
Methods, 107, 163-167.

Bright, K. R., Gerba, C. P., & Rusin, P. A. (2002). Rapid reduction of
Staphylococcus aureus populations on stainless steel surfaces by
zeolite ceramic coatings containing silver and zinc ions. The
Journal of Hospital Infection, 52, 307-309.

Centers for Disease Control and Prevention. (2003). Revised U.S.
surveillance case definition for severe acute respiratory syn-
drome (SARS) and update on SARS cases—United States and
Worldwide, December 2003. Morbidity and Mortality Weekly
Report, 52, 1202-1206.

Centers for Disease Control and Prevention. (2006). Norovirus:
Technical fact sheet. http://www.cdc.gov/ncidod/dvrd/revb/
gastro/downloads/noro-factsheet.pdf. Accessed 22 September
2008.

Chu, C. M., Cheng, V. C. C., Hung, I. F. N., Chan, K. S., Tang, B. S. F,,
Tsang, T. H. F., et al. (2005). Viral load distribution in SARS
outbreak. Emerging Infectious Diseases, 11, 1882—-1886.


http://www.cdc.gov/ncidod/dvrd/revb/gastro/downloads/noro-factsheet.pdf
http://www.cdc.gov/ncidod/dvrd/revb/gastro/downloads/noro-factsheet.pdf

Food Environ Virol (2009) 1:37-41

41

Clay, S., Maherchandani, S., Malik, Y. S., & Goyal, S. M. (2006).
Survival on uncommon fomites of feline calicivirus, a surrogate of
noroviruses. American Journal of Infection Control, 34, 41-43.

Cowan, M. M., Abshire, K. Z., Houk, S. L., & Evans, S. M. (2003).
Antimicrobial efficacy of a silver-zeolite matrix coating on
stainless steel. Journal of Industrial Microbiology & Biotech-
nology, 30, 102-106.

Davies, R. L., & Etris, S. F. (1997). Development and functions of
silver in water-purification and disease-control. Catalysis Today,
36, 107-114.

Doultree, J. C., Druce, J. D., Birch, C. J., Bowden, D. S., & Marshall,
J. A. (1999). Inactivation of feline calicivirus, a Norwalk virus
surrogate. The Journal of Hospital Infection, 41, 51-57.

Dowell, S. F., Simmerman, J. M., Erdman, D. D., Wu, J. S. ],
Chaovavanich, A., Javadi, M., et al. (2004). Severe acute
respiratory syndrome coronavirus on hospital surfaces. Clinical
Infectious Diseases, 39, 652—-657.

Duan, S. M., Zhao, X. S., Wen, R. F., Huang, J. J., Pi, G. H.,
Zhang, S. X., et al. (2003). Stability of SARS coronavirus in
human specimens and environment and its sensitivity to heating
and UV irradiation. Biomedical and Environmental Sciences, 16,
246-255.

Evans, H. S., Madden, P., Douglas, C., Adak, G. K., O’Brien, S. J.,
Djuretic, J., et al. (1998). General outbreaks of infectious
intestinal disease in England and Wales: 1995 and 1996.
Communicable Disease and Public Health, 1, 165-171.

Fankhauser, R. L., Monroe, S. S., Noel, J. S., Ando, T. A., & Glass, R. I.
(2002). Epidemiologic and molecular trends of Norwalk-like
viruses associated with outbreaks of gastroenteritis in the United
States. The Journal of Infectious Diseases, 186, 1-7.

Faundez, G., Troncoso, M., Navarrete, P., & Figueroa, G. (2004).
Antimicrobial activity of copper surfaces against suspensions of
Salmonella enterica and Campylobacter jejuni. BMC Microbi-
ology, 4, 19.

Jiang, X., Wang, M., Wang, K., & Estes, M. K. (1993). Sequence and
genomic organization of Norwalk virus. Virology, 195, 51-61.

Ksiazek, T. G., Erdman, D., Goldsmith, C. S., Zaki, S. R., Peret, T.,
Emery, S., et al. (2003). A novel coronavirus associated with
severe acute respiratory syndrome. The New England Journal of
Medicine, 348, 1953-1966.

Kwakye-Awuah, B., Williams, C., Kenward, M. A., & Radecka, 1.
(2008). Antimicrobial action and efficiency of silver-loaded
zeolite X. Journal of Applied Microbiology, 104, 1516-1524.

Leung, W. K., To, K. F., Chan, P. K., Chan, H. L., Wu, A. K,, Lee, N.,
et al. (2003). Enteric involvement of severe acute respiratory
syndrome-associated coronavirus infection. Gastroenterology,
125, 1011-1017.

Lopman, B. A., Reacher, M. H., van Duijnhoven, Y., Hanon, F. X.,
Brown, D., & Koopmans, M. (2003). Viral gastroenteritis
outbreaks in Europe, 1995-2000. Emerging Infectious Diseases,
9, 90-96.

Mead, P. S., Slutsker, L., Dietz, V., McCaig, L. F., Bresee, J. S.,
Shapiro, C., et al. (1999). Food-related illness and death in the
United States. Emerging Infectious Diseases, 5, 607—665.

Myint, S. H. (1994). Human coronaviruses—A brief review. Reviews
in Medical Virology, 4, 35-46.

Navas-Martin, S., & Weiss, S. (2004). Coronavirus replication and
pathogenesis: Implications for the recent outbreak of severe
acute respiratory syndrome (SARS), and the challenge for
vaccine development. Journal of Neurovirology, 10, 75-85.

Payment, P., & Trudel, M. (1993). Isolation and identification of
viruses. In P. Payment & M. Trudel (Eds.), Methods and
techniques in virology (pp. 32-33). New York: Marcel Dekker.

Poutanen, S. M., Low, D. E., Henry, B., Finkelstein, S., Rose, D.,
Green, K., et al. (2003). Identification of severe acute respiratory
syndrome in Canada. The New England Journal of Medicine,
348, 1995-2005.

Quintavalla, S., & Vicini, L. (2002). Antimicrobial food packaging in
meat industry. Meat Science, 62, 373-380.

Rusin, P., Bright, K., & Gerba, C. (2003). Rapid reduction of
Legionella pneumophila on stainless steel with zeolite coatings
containing silver and zinc ions. Letters in Applied Microbiology,
36, 69-72.

Slomka, M. J., & Appleton, H. (1998). Feline calicivirus as a model
system for heat inactivation studies of small round structured
viruses in shellfish. Epidemiology and Infection, 121, 401-407.

Smid, B., Valicek, L., Rodak, L., Stepanek, J., & Jurak, E. (1991).
Rabbit haemorrhagic disease: An investigation of some proper-
ties of the virus and evaluation of an inactivated vaccine.
Veterinary Microbiology, 26, 77-85.

Takai, K. T., Ohtsuka, T., Senda, Y., Nakao, M., Yamamoto, K.,
Matsuoka-Junji, J., et al. (2002). Antibacterial properties of
antimicrobial-finished textile products. Microbiology and Immu-
nology, 46, 75-81.

Thurman, R. B., & Gerba, C. P. (1989). The molecular mechanisms of
copper and silver ion disinfection of bacteria and viruses. CRC
Critical Reviews in Environmental Control, 18, 295-315.

Tzagoloff, H., & Pratt, D. (1964). The initial steps in infection with
coliphage M13. Virology, 24, 372-380.

Watanabe, Y., Miyata, H.,, & Sato, H. (1989). Inactivation of
laboratory animal RNA-viruses by physicochemical treatment.
Jikken Dobutsu, 38, 305-311.

Widdowson, M. A., Sulka, A., Bulens, S. N., Beard, R. S., Chaves, S. S.,
Hammond, R., et al. (2005). Norovirus and foodborne disease,
United States, 1991-2000. Emerging Infectious Diseases, 11,
95-102.

World Health Organization. (2004). WHO guidelines for the global
surveillance of severe acute respiratory syndrome (SARS)
Updated recommendations October 2004. New Delhi, India:
Department of Communicable Disease Surveillance and
Response, Regional Office for South-East Asia, World Health
Organization.

@ Springer



	Assessment of the Antiviral Properties of Zeolites Containing Metal Ions
	Abstract
	Introduction
	Materials and Methods
	Virus Preparation
	Metal-Zeolite Powders in Suspension
	Plastics with Incorporated Metal-Zeolites
	Statistical Analysis

	Results
	Metal-Zeolite Powders in Suspension
	Plastics with Incorporated Metal-Zeolites

	Discussion
	Acknowledgment
	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 false
  /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 <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


