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A BSTRACT:

The idea of putting togcth", the bacteriostatic andlor bactericide property with those
traditionallv found ill ceramic cOl'erillgs appeared some years ago and mallY efforts hare bet'll made
to lead 10 all industrial scale production of ihrs« materials. Heavy metals are used 10 gil'e
bactericide andlor bacteriostatic properties alld the lise ofsilver is widespread. which perform s best
ill this sellse. This effect is kllowll as the oligodYllamic effect. These materials arc kllowll to
cnnsiderablu improve their bactericidal performance tohcn they arc ill the ionic form ill the ccmmic.
Ceramic firing as Iradili"'lIllly carried out has all IIpper temperature bound arolllid 1150 PC mId
bring« unth it the difficlllty of leaning the siltvr ill the ionic form. III tlii« work. toith a view 10
soillillg this problem, a sodium-rich glass was formulat ed. Sodium maximises the ion exchange,
htnocucr it decreases the chemical resistance of the glass; due to this problem. the g lass I I'tlS

optimised toith regard to the sodium content. TIIC Illl mber of Ag' ions exchanged wi lh Na: (l1ld the
silver concrntration profile ill the glass layer w",e determined. Till' rcsul!s ll'ere I1IlIl lysed
performing. test» untlt the micro-orgallisms: Staphylococclls allrells. Escherichia coli, Bacillus
cerCIIS, tnui Pscudmnonas acruginos«,
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1. INTRODUCTI O N

The bacteri cide e ffect of sma ll amo unts of metalli c ion s has been known for a long
timell.' ·'Jbecause ancient civ ilisations already stored wate r in silver pots to keep it potabl e
for a lon g time. This effect is known as the oligodyna mic effec t. Silve r and its salts have
been widely u tilised in water treatment and man y othe r products, suc h as creams for
p reventive treatment of infections in pati ents wi th bu rns and for pos t ope ra tion
trea tme ntl' ;" . 71. Stud ies reported by Lu kens!" in 1971 describe the fun gus toxicity of
ele me nts in relation to the ir position in the periodi c tabl e. The toxicity in a specific group
increases with a tomic weight. Silver and os mium a re the most toxic eleme nts. Martin!", in
1969 sho wed ano the r way of classifying eleme nts regarding fungus toxicity, putting them
in a decreasing order: Ag > Hg > Cu > Cd > Cr > Ni > Pb > Cu > Zn > Fe > Ca. He also
reported a study correlating conce ntra tion, exposu re time, pI-! a nd temperature effects in
using silver for wa ter treatment. lIe fur thermore stud ied the effect caused by im pu rities
such as ph osphates, calcium, chlor ine and sulphides.

Altho ugh Pel kza rl'v', in 1968, asse rts tha t met alli c silver has a
bacterici d e / bacteriostati c effect, Berger!'!' in 1976 states tha t such an effect is high er wh en
compared to the e ffect caused by silve r in ionic form Ag. Coetz'", 1943 asserts that silve r
is germ icide only if it is in con tact w ith the cell surface an d w hen the silver atom is in its
excited sta te or ionised sta te.

On the other hand, the cera mic ind ustry has incessantly looked for new properties.
The bacter icide p roper ty has been stud ied for app lication in ceramics and patents have
been granted I". n " 1' 1, with industries p roducing these materials in some cou ntries. The
diff icu lty in leaving silver in ionic for m and thus op timi sing its bactericid e e ffect is
cons iderable, knowing that coat ing ceramic glazes req uires a therma l treatm en t o f
approxima tely 1200 ''C. Ahm ed'!", 1997, po ints out that at tem perat ures higher tha n 470
"C, silver ion s wh ose source is AgNO" go on to coexist w ith silver atoms AgO. Silver
so lubility in glasses is low, Nava rro!'", 1991, about 1%, reducing the possibili ty of directly
add ing a highe r am ou nt of th is in the glass network.

In thi s wor k an Ag : ion excha nge was perform ed in glasses havi ng a high so d ium
content.

2. EXPERIME NTA L PROCEDURE

A glass was develo ped with a high percenta ge of sod iu m and lithi um, w hich
maximises ion excha nge wit h silve r, and whose che mical composition can be seen in tab le
1. The compos ition has so me fraction s sim ilar to those u tilised in othe r stud ies on ion
exchange in g lassllb.I ", I'I, ltll.
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The absence o f ot her eleme nts normally found in comme rcia l glasses is due to an
optimisat ion e ffected in orde r to per form the ion excha nge. Pieces were put in a cruc ible
con taining 98% NaNO,+ 2'jr, AgNO" in weight, mill ed and mi xed. After that , thermal
treatmen t was carr ied ou t for two hours at 400 "C in a laboratory oven in a ir. When the
pieces were taken out, they we re carefu lly cleaned using ultrasounds for 15 minutes
immersed in acetone. Then they were treated with ace tic acid and fur ther wa shed with
d istill ed wat er. Before using them in the microbiological test s all the pieces were put
thou gh an au toclave at 120 "C and one atmosphere of pressure for 30 minutes. Bacteri a
Staphy lococcus aureus ATCC 25923 and Esche richia coli ATCC 25922, Bacillus cereus and
Pseudomon as ae rugi nosa were utilised for the microbiological tests. Plate Cou nt Agar
was ut ilised as cul tu re medium. The applied methodology was th at by diffusion in
ada pted ge l and by the minimum inhibito ry and minimum bacteri cid e concen tration
ada pted tes t (ClM, CBM)I' 1.2U'1 The incubation temperature was 36 "C for 24 hours.

Sample mi crostructure ana lyses were carr ied out by op tical microscopy (Ca rl Ze iss
- Neophot 30) and sca nning electronic microscopy (Philips XL30), helped by energy
dispersive X-ray spect rosco py facilities (EDAX). X-ray diffractions with a di ffractometer
Philips Xpe rt using a copper K« radi ati on, w ith voltage of 40 kV and curre nt 30mA;
sca nn ing in 20 was 0.01 deg rees per seco nd . A Philips XRF instrument was utilised for
chemical analys is.

3. ACTING MECHANISM OF T HE Ag - ION ON BACTERIA

The main actin g mechani sm s of metalli c ion s on bacteri a are based on the microbial
cell cha rac teris tics. A normal live cell contains a great number of enzymes that are
responsibl e for metab ol ic processes'!">'! A live cell also presents a se mi permea ble
membran e (cytop las mic membran e) that keeps the integrity of the cellular conten t,
contro lling in a selective way substa nce tran sp ort. Any damage in an y on e of these levels
can lead to cell death.

3.1. DAMAGE IN THE CELL WALL:

The accumulation of ions a long the cell wall un balances the perm eability besides
provoking damage to it, becau se d isplacements of ions will occur in the cy toplas m
atte mp ting to ne ut ra lise the cha rges.

3.2 INHIBI TIO N OF A SPECIFIC ENZYME:

There a re man y different types of enzy mes on the cells. The inac tivation of an
enzy me can occur for man y reason s, among them the combina tion of one of its
com po ne nts, the su lphydry llic group - SH, with metalli c ions, for exa mple silve r, coppe r
and me rcury. Silver coming from a salt (like nitrate) joins the su lph u r o f -SH group
acco rdi ng to the sche me be llow:
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__ Ag

+ O2 + H20 + N2
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Figll re 1. Rmctivn schrsneof tIlt' mrtaltic ton I1l11i the ~ lI lp'I.IIdryllic chain, I'rc~(,lIft'd ill l 'lI Zyltll 'S.

3.3 - EFFECT ON NUCl.EIC ACIDS:

Certain synthetic che mical agents and so me na tural substances are powerful
inhibito rs of ADN an d AR I syn thesis. The mu tation tha t occurs d ue to the exposu re of a
cell to the Ag' ion is classified as a che mical mutation. They are a lso refer red 10 as
inducted mutat ion s to disti nguish them from spo nta neous mutation. Che m ical mu tat ion s
can be sub d iv ided in: - substitu tio n of nitrogeni zed based; - add ition o r nitrogenized
based; - d eletion of nitrogenized based;

Altho ugh there a re other mechan ism s tha t ac t in des troying a microorganism by
me tallic ions, these th ree previously menti on ed ones stand out and prevail over the
othe rs.

4. ION EXCHANGE MECHANISM

AG ' an d Na ' ions are monovalen t and have similar ioni c rad ii. Severa l stu d ies"•.11.l' ,2l'1

po int to the Na : ion as the best excha nger wi th the Ag oion. Ag ' ion s are more polarised
tha n Na ' ion s and have high er ionisati on ene rgy and an even high er electro nega tiv ity-".
Sha ra r affirms th at the electronegat ivity differen ce and h igh er ioni sa tion ene rgy for the
Ag - 0 bond s when compared to Na - 0 bonds, ind icate a high er covalent characte r for
the firs t bo nd . This increase of th e covalent cha rac ter for AG - 0 bonds can be the reason
to form thi s second bond, where silver replaces sodium in the glass netw ork, form ing
Ag - 0 - Si bonds in rep lacement of the a - 0 - Si bond.

5. RES ULTS AND DISCUSSION

5.1 ION EXCHANGE

Th e differen ce in the colora tion serves as the first ind ication that an ion exchange has
occurred . The ion exchange was alread y used to supply the ye llo w colour in ca the dra l
s ta ined glass w ind ows'!". Normally after the ion exchange process, thermal treatments a re
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carried out to accentua te the colour and provo ke a silver di ffusion in the interior of the
glass and , even have crys tallites grow of metalli c silver. Th is growth begin s to occur
a round 470 "c. The transition of ion ic silver to metalli c silve r produces a loss in the
bactericide proper ties. The loss in the bac tericide proper ties can be obser ved comparing
samples where the ion exchange was carried ou t; some of these sa mples were further
trea ted for two hou rs at 400 "c. 500 "C and 600 "c. This diminishing of the bac ter icide
property can be evidenced by the area reduction in the inhibition halo, as described in
figu re 2. The diffusion increases with rising temperature, but the effect of crysta llite
form ation appea rs when this tem perature reaches 470 "c. For th is reason a decrease in
antimicrobial p ropert ies occurs
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Figure 2. Eff('(f ( ~fsJa=, s thermal treatments 011 microbial grml'f".

Concentration profile of the Ag and Na sample subjec ted to Ion
exchang e wIthout thermal treatment.
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Conc entration profi le of the Ag and Na sample subjected to ion
exch ang e with thermal trea tment at SOO "C.
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Figure 3. Sodium and sj/pa cmICl'lIlmt;,,,, profilein IE gftlSSsamplt', with mid H'itlWllt thermal treatment
(8 ml/I A. I"esl't'ctil'l'!y).

Another hypothesis for the decreasing antimi crobia l properties is that, with the
thermal treatment, the amount of silve r presen ted in the surface decreases, becau se it will
tend to go by d iffusion to the region of the piece with lower concentra tion, which mea ns,
to the interior of the pied" l. The results shown in figu re 3 confirm this hypothesis. EDAX
was used to observe the evolution of the silver and sod ium concentra tion in the glass. It
can be asce rta ined that the sod ium ion exchanges with silver, becau se as the silver
concentra tion increases the sodi um concentra tion decreases. The obse rva tions a re
accord ing to wh at was affirmed by Goe tz121 in 1943, tha t silver is ge rmicide only if it is in
contact wit h the cell.

5.2 - A TIM ICROBIAL EFFECTS

The result of the tests by gel d iffusion, where the inh ibition ha lo can be observed,
can be viewed in figure 4. Here a glass is presen ted tha t was subjec ted to an ion exchange
with silve r an d another tha t was not subjec ted to th is. In sa mple (A) it can be noticed tha t
aro und the glass, an inhibitory halo has formed with the Staphylococcus aure us ATCC

B

l'iSlln' 4 - Sarl/pksof ionic {'-,"chmrxed sla%l's. A) inhibition l/li/o ll'itll Sfaphy!t1wcclIs IlI/I'CIl ....

H) lnhibi tinn haIti wit', Esdlt'riellia coli.
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25923 cu ltu re. It can be observed that it inhibited the total growth, thus characterising the
materia l as antimicrobia l.

In sample (B), the halo was smaller. This occurred owing to the cha racteristic of the
Escherichia coli microorganism, which is a gram-negative ba cterium and presents a
higher resistance to certa in antimicrobia l agents.

The adapted tes ts of minimum inhibitory and minimum bactericide concentration
(CIM, CBM)I" I, confirm the results above because with a concentration o f the order of
0.0025g of powder glass, it was possibl e to avoid the growth of 200 ul, of bacteria of a n
ino culum with turbidity correspond ing to scale 0.5 Mc-Farland .

6. CO ' Cl USIO NS

- The glass containin g Na: carries out an exchange wi th the Ag' ion.

- The glass containing Ag' ions has bac tericide /bacterios tatic properties.

- With therm al treatment, a tra nsition of ionic silver to metall ic silver occurs, which
decrea ses the bactericide effect.

- The silve r concentra tion at the surface decreases with the the rma l treatment as a
function of the d iffus ion to the interior of the piece.

- The ion exchange process is an efficie nt method to contribu te bacte ricide /
bacter ios tatic properties to cera mic materials .
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