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9. 9956 gOHMIE LOFOOMS (39MEP0MOLS @S Fsowol obgmo ffmbomo
056585MEMOOL  50gds, MMIGEroE LT gdsl 0dErg3s Fo0 GOHMRIMSWPO
MON0YOHJd9900LsL Fogdmwo 0gbsl 3gmemomols Lsbwymzgwo ombmGo
1M, EILbMEo Bsbs33wgd0L bo®olbom. 0mbdodmgwrs d0dobstgmdl
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mmobols  Hgd3gMo@Mmsby, MIgGHL  Fgdombggzsdo  3mozMgds  )dm3Egl
@OMJo (65dgbodg ool 396353 mdsd0).

39Momols s 0mbI0dMIE3wgE0 39¢0mbols oGm0l YsmrBSHBYOO
9900Mm©00  0mbI0IMEZELMIB  ©939380609d00  Mg5di300L  bgerrolidgdfymdo
29dBHMO005:  ©95396G g0l 3O Dbgds,  0bBHIBLOMHO  TmM3d,
953963900L LoFOOM MBIFIMOMOOL TgMbg3s (39MWOMO, F5Or00), GH9Jbob
05659ma3bs -g9M93H35 COLEGHO0W MO0 (YoM, FoTMIOMDS.

50360036700l HMOLLOL  2sBMs  0f393L  dgseo  MYoagbEHOOL
B953000L BOEIL s FGBsd530Bs© M19ogd300L LORJSMOL Fo@Ydsb.

30M3gdEH0HO ommMbBmdOL sglodogrM3ga(339¢0 (JMEPONMMO
L3963 gd0L dogdol 3GmEglol 33¢r93o

6963296 -0RMdBHMIGGHOMOo  9b50BO®  EIILEHIMGOMEO0.,
60 300900, B0o3dLoGoL 35¢0MmbImogzgoE0MgdMwo BmMdgdol AgPSH,
CuPSH s ZnPSH L@md@ages sGol d9bseRmbgdrero.

J0809M0 965¢00Bol 9990 P BOEs dBgdMmoz0 bgergEols
@5 3mIB5 900 B0dmdgdol JodorMo d9agbowmds (sbMogro 1).
gb®oo 1. 369860030 s 3MEPOBOEEMJIMEO Bogodlo@gdol Jodom®mo

99009960 mdd
(300000 929990 GHIO IO YXMIRO
PSH (Na 072 Ka24 Ca152 MQo,80)[Alg 55Si22,45064] 22,48H,0
AgPSH (Ago,10Na0,02Ko,12Ca0,10Mgo,01) [Alg 45Si22,40064]22,28H,0
ZnPSH (Zng.sNag,01 Ko,0sCao,15MQo.25] Alg,55Si22,45064].22,35H,0
CuPSH (Cus.1Na.001Ko,02 Cao13Mgo20)[Al 9.15512235064] 22.35 H20

Jo301M0 565¢r0Bob Loxgwmdzgubyg 99ygbowo FbOHOEgdosb (FbMHowo
2, 3) Bsbl, ®MI 39m@oDLy @S FoMOWL FMHoL MsbsBIMOMBJOOL (3300gds

ofi3936  Boo3LoEol  LEAHOYIGHMOsdo 39M3EbEEOL  0Mbgdol  BIBsE3EGOOL
bseobbolb «db0d36gwm BMEsL. 39MmEomols s oMol Gmeo fmbomo
056585Mm©Mdgd0L  (1:1) Fgdmbgzgzsdo doowgds RowrodLo@ol 39MHEbaol
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xm®ds AgPSH -m3300s¢om®o (94,25%) Bsbs33ergdol boGolboom, 5fo-ob

3960530mMd5d0.  9bsErMaoME0s LSO mooly s  L3ogrgbdol

LEHOYJGHMOSdo BBgMH30LSL.

3b®owo 2. 0mb30dm33e000 Lobomgbols dmbsigdgdo Agt-, Cu?*s Zn?*-00m
Bogbodog® Bsb33egd e Bowodliodgdbyg, 20°C- By

fmbooo 94O RsbmEO
bag3eas 006303300 | M9bsRsMHMDS, M95d3o0l 866b30b
0 bsba®A03MdY,
959309 B9MOMO0: bobgaMderogmds,
60dmdo 85600 oo, fon.
1:1 5
AgPSH PSH — AgNOs 1:3 10 30
1:6 10
1:1 5
ZnPSH PSH - ZnCl2 1:3 10 40
1:6 15
1:1 5
CuPSH PSH-CuCl2 1:3 10 40
1:6 15

3b®oo 3. 365003 Bowodlbodo 3gMEberol, L3owgbdols s MmMmool

593(M3900L 0653035
3963bwols 0Y0ool b3oegbdols Bobo3agdols
(3IOLO00 8993300 mdo, 899330 mds | 998339mds bsGoLbO,%
§6.% §6.% $6.%
37,50 94,25
AgPSH 38,41 95,01
38,60 95,25
13,20 81,71
ZnPSH 14,12 59,45
15,40 90,30
14,20 82,50
CuPSH 15,00 90,00
15,60 91,30

3B9MOomols s MOl MBIRIMEMOOL Tgdamdo BMs, 91939
MOMN0YJOMJIggd0lL  F9damdo  goboby®mdwoggds  ofj393L  Bsbs3gEgdoL
bseolbolb beMsl dglsdsdobo AgPSH, ZnPSH s CuPSH -o30b.
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©o3)bowos, MM  Gowodbo@Bgoolb Ag, Cu -©s Zn-gm®3dgoolb
LobMYGHBOLIMZOL, F9OHOWOL MoMEIBMdS 96 50gdsEgds sMLYdMo 39w 0"
990000 J0gdolm30L LoFoM® MH5MEIBMOU.

©ROM300 OO 3¢0bo3zMMo  499m(300wgdol  bsgYdz9w by
3B9MoNOHO0 LMOBdG6EJOOL A5TMYgbadols dgoEobols bbgowalbgs @sMdo,
9936096900 903000696 L3368y, MHMI  sELMGdFOOL  FgMEIOOL
3580yg9gb9d0l 450939, sOEIONBI0MO 993500900l IZMMbICMDS 56 FgodEgdy,
590965053 BH™MJLo3MM0 603W0gMHGdGBOL 25TMY3560L Q569dg 839MBsMdOL
g4zgms 9gomEo b 93009  9B9IIGHO0s b6 LogdmmE  9M99R9IEGHGO.
3G9omOo  LmOdIBGHO  bolosmEIds  FmMGdoL  bmIgdom,  Los3
9d000bsMmgMAL  SLMOMDd0s-  3mbEIBEHM0MIdS  SELMOMDIGOL  (BH™MJLobols)
R0 BLEHOMIJGHMOSG0 s LBMMIIEEOL Mg 3gmIgEHOOME BYPI30OHDY.
365dBH03Ms© Y39 LemEMdIbBHo  0o30L  BYe3oMby  SELMMHBOMmYOL
05dHIOOGORN IYXOIQIOL 5 Brgbobgdl.

d9LHogowo0s, dMbxdM030 S B9dBHIMOE0MEo LmGdIbEJdOL (PSH,
AgPSH, ZnPSH o CuPSH), {9gol m6Omndeol slm®mdEos, BEsGH03m®
306d90do, 99b035@GHMMHo 990MEOm P/Ps=0,4-%g, mmobols
A993965@M5DY.

amOgdol  Loghom  FmEgMMmds Omdgwwog  dobsefigzos  fywrob
dme93meol SLMMd300LMZ0L 9306905 39bLO3MMgd0m
3903boldgdazgero  bodmdobosmgol  AgPSH;  seodsod 390000l
LEAHOMIGHNOS0 QoMTS35¢0 WoMMBIBOL 0Mmbgdol gyzs60L AsdM; 53 MMl
obobo bsfowmdM0g 06560BMbgdgb 030l 300G IMLL, 9B9JGVIMS©
593069996 5 1530LvGso F03OMBMOHGIOL IMEIEMBL (bMoo 4).

3b®0owwo 4-0l dmbs3gdgdo sILEGHWEMIOL, Mmd AgPSH, ZnPSH, CuPSH
bsb050YI056 Bo3doMmE o0 SPLMMDF00LBIM0BMdOM, Mo3 Fg0dEgds
50bLBOL  3mstrmero  merg3egdol  s30wo®  dgnfg30m  (39MEomOL
90360MmBMmM9030 ©s Moo, B30wgbdol s 39MEbEOL 3530MbgdHy 0Mb-
©O3MEMMO 0009000439 gd0L b55319d39w B SELMMdOMOOMm.
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3b®owo 4. fgeol MmMogaol sbmMdE0s d4bgdMo3 s IMEOGOEOMdUIED

LmOd96E9dbBY
3IMLO00 8000 /;@bmﬁ)’égoo e
PSH 7,250, 0,131
AgPSH 5,54 0,100
ZnPSH 6,55 0,118
CuPSH 6.75 0,119

300M53dBHoMGmOo om™b3dg3339¢0 (39MEr0mMHo LrmMdGHEHIdOL
©bLB0s0IYdS

0bg06H030 Bowodlo@olbs s dolo 39MEberol, L3owrgbdol s Mmool
dodbodogrmMo 8993390 mdoL  IMPOGBOE0MJOME0  BmEHIGOOL  JodoHo
99003960 Mds dm@sboros 3bGowdo 5. 3903Ebwobl, L3owgbdol, s Mmool
8993565 gowodbodol  LEHOMMIGMOSdo 03936  JOMZ5wbEH060  0Mmbgdol
Bo@®0Fobs O 35¢00mTol Foseo BsMolbom Rsbo33egdsL.
3b®owo 5. 9mEogBoE0MHd¥Io Boerodlbodgdol Jodowmmo Bgagbomds

BoderBo PSH AgPSH CuPSH ZnPSH
a(va fZO:’])CU and 0 0.76(4) 0.400(16) 0.41(15)
B 0.289(14) 0.0022(1) 0.0484(9) 0.0023(1)
C 0.444(24) 0.018(2) 0.0386(8) 0.077(5)
D 0.067(3) 0.056(3) 0.028(3) 0.017(2)
E 0.056(3) 0.045(3) 0.026(4) 0.028(4)
F 0.044(3) 0.013(1) 0.033(2) 0.011(1)
YIX=SiAI 2.62(16) 2.52(15) 2.60(16) 2.64(16)
N 11.4(6) 14.2(8) 14.3(8) 15.6(9)
arbic+ 20+ 26+ 1.02(6) 1.01(6) 1.03(7) 1.02(6)

ombdodmiazwomo  bLobomgbol  3OMEgEMGs JoEosbmdsdo  of)393L
dsbogrol  oL3gMLools  8603369wm3sb  BEOELL,  g3zgmsbg  Abgowo
360LGHOWOGJOOL Dmds 56 509TsBHgds 20 830 AgPSH-m30L s 30930 ZnPSH-
0306 s CuPSH-m30l. 3693603 xgomdbodmsb dgstgdoom 2 930-bg
Bo3argdo Bmdol 3OoLEso@qdol oo 0BMHYds, goblozmmemgdomn AgPSH
60dxdolongol (bob.1).

15



Bob. 1. AgPSH-ols SEM 259mlisbeyemgdgdo dslsd@edvgmo gs0gdoo 1000 (a) s
5500 (b)

100o3L0E0L wommbdgd39¢o (39MmE00MMHOo LM®MmBYEEJIOL
059d3H9M0 300 03090900

@ommboll gsdmbgms s  3BGH0dsIBHIMomo  5dBHogmds.  (3-sb
3980bmo30LRWGdIMYWO OMMBOL  MomMmEIbmMdOL goblsbwz®ms BmMTse

doMoblbo®do (93 NaCl 1w ©gombobomgdme (iysedo) GHoMYdIMO
LGHOGH0ZMNO  3060Mm390T0  MYIOIMLESGHOMPOME  5dsDsbs0, bxwMg3zoL b
dmM930L go69dg. 603dgdol s©gds bgdms 0,1y 6odmdol, 100 dg doGow
blbs®8o BoE300H 30096 1, 3, 6, s 24Lm-0b 3999y,

016996030 s IMEOBOE0MYOMWo 60dMdgdolL 359dEIMOMLESEGH03IM0
030099900  396oLsBW3IMYIMPS oL~ ORMBoMMo FgomEom  (3oMdO-
059919600b); BEBBIOGHME 30MHMBYOTO 25dMYgbgdo 0ym MW GO E.coll,
50dm39690wo  Jo)egM-bob@GHmbol  sg9M0Bgdmw s09gdo 37°C-Byg, oL
3968530™d5d0. 999mfjdgdmwos 3963bEol 0mbgdol godmbgws {ywol s6gdo,
MdgwoE d0dobsdgmdl s©30ws©. 6 Lo-ob 90y, 0,1y FIMWOMOEI6
1008¢» bLbsmdo om0 Gom@gbmds 50gdo@gds dobodser® d50630d069dgw
306339635305l 3963l 0mbgdOLsmM30L £. coli-0756 30050:09d580; 0900l
00b9gd0LsmzoL 3o 93 3mbEgbEHMogool dowfgzs Tgladwrgdgwos 24 Lor-ob

09009y. @039  b6odmBo  93wgbl  Fomoew  BodBHYMHOEOYIEY O
359 BHM0MLEBH03ME 9dEH03MdL bofiersgol Bbo®ols (Escherichia coli) 300sGo.
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535896 9O 96EH0ddBHIM0ME0 5JBH03MdS godergds Jogfigerml ssFsMEHM
396339 00693, 50599 13000 IMPOROGFOMIONICD (39MEOMNGILS(.
om®b3g9339¢0 Bogrodlo@Ggdol 0mbgdol sdm@Ev@3s s 85dGHgMoE0YYEo
543H03mds.  IMPOROEFOMIONO  (39MO0MNJI0ID  omMmMbol  godm@EH«E30ol
dmbsi399900  Im@sbowos  @bGowdo 6. WE—b 6 Lssmol g9y
390Mmbmog0lBgdMwo  39OEbEol  0mbgdol  Momgbmds  gmsbogds
3m6396GH®Mogos 0,067  dowodmen-b,  Gog  Foeos  dobodsery®
350630006909 3mb396GHM305Dg (393) 3903Ebeol 0mbgdolomgol £.coli-0056
90050090530 (3.99602/0d® s6m 0,037 doodmeo).  Lsfobssmdgyme,
b30ggbdols s MMMl 0MbgdOL MH3MEYEMDdY, Fsdmbmsgzolawgdmewo 24
Losmol 8999y,  FgLodsdolo  gmsbsgds  3mb3gbG®o30gdl, 0,45 o
0,580¢00ml s dgLsdsToLIE  BdSEros d33-U (383)-b 3603369 MdBY
b3ogbdols s MMOOL 0MbgdOLIMZ0L E.coli-0756 0dotrngdsdo.

3b®owo 6. @omMboL g93mEvE3s IMEOBOE0MIINME0 BoerodLoEgd0©sE

ombo Ag* ombo Cu? ombo Zn*
0mbgdo AgPSH -6 CuPSH-qs6 ZnPSH-qs6
(By/) Byw) By)
1 bss0vdo <5 <5 5.2+1.2
3 Losmdo <5 8.5+£2.5 12.7+2.5
6 Lssmdo 7.2+15 16.2+3.2 23.0+5.5
24 Lssmdo 20.6+4.5 28.7+4.5 32.4+6.6

L3963 900l doJBHIMOEF0IEY 5dGH03MdL  godmbodgl gbGowo 7-0l
9mbs39d900,  Losg  99oMmgdmeos  Ecolitb  Logmaberolvbs®osbo
MXOJ0J00L BoOEOMIONO MoMYbMdS, Hysedo LmlidgboMgdme dmbyd®mog
5 9mEOx030M90IE 330eo3LoEJOMb 3MbEsE0l d909, 9du39M0T96EOL
LoHgoLdo VX MYOIOOL M5MEI6MBILMSD 0>MI9d>T0.

00M5JBH0IM0  omMbgdol godm@EH@3ol  Fgsmgdom dobodserm®o
9506300069090 3mb6396GHM30900L 960093690 d90m5b, d90dgdos
53533650, ™3 AgPSH, CuPSH @5 ZnPSH-0b 56@&005d639H0mo sd@ogmds
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d90dgds  8ogfigdml  wommbdgd339wo  39gMEoml s 9Gs  dbmerm

390G M@ wommbols 0mbydl.

3b®owo 7. bogmEbmolbs®osbo  MxMggdoL BoMEMBO0IO MotEIbMdS,
Pgoen8o LbdgbooMgdner 36gdMo3 s BMEOKOEOMIdMeED
10¢0o3B0Egd0sb 3mbEsd@ol 98¢0y

60dmdo PSH AgPSH CuPSH ZnPSH
LofigoLdo 100 100 100 100
1555000 398090, 102.5+4.2 72.0+4.1 85.0+5.0 93.2+6.5
3 bsoob d90¢9 98.3+3.5 23.6+2.8 42.0+2.5 51.6+4.7
6 Lol 99009 99.6+4.5 0 12.0+£2.0 30.4+2.2
24 Losomob 8999 100.5+4.8 0 0 0

565¢0 30389933960 Jsbol BHMBLBMAsgos NaA @Ho3ob (39000 do

Logo®mzgarmls 3b5¢(30039933900 Jobob 2390053M0L GO 9d0m
300OHMMYOHIN 3060HMdGOTo F0MGOIMWO0s sbOEro LYBMS, FoMOE0 BSBMMO

9993339mdol  (3MoEoldghlvemo NaA  GHodol  3gMEomo. 00
SVOSMGON0S,  OMAMOE VLMW YYEHMMI  MBIROMbM s Ba3zgmglim
006300333 90. 3H9350mdom (4.53 39J3/).

gbdodo 8 dm@sbowos  dmMbydmogo  sbsen3080sb  domgdo
5¢030bloo3o@Mmo ggeoll dmdBoEIdoLs s s8T3s3980L IEYIbowo
33005 OH0O 306000900.
3b60o 8. 50 MBoblioeo 3G MO ggeols 3mdBsgdols s sdmdsggdol

M3G0d5¢0M0 3060900
5653093903390 J9b60l OH3MH0Tobgds 0.063-0,01
50mOHGBODI(300 dobgMocol 20%-0560
HCl-000 05899953905
59mOHB0BYdMo dsbob fgosedo Lmlidgbo®mgds 1:3
39535609000 345O0 BoB:{ysco
LL39bbooL (Agdmdsmo 40-50°C-bg) NaOH-ol 14%-0560 NaOH
09oblbotoo 919853900
30my960Bs305 06¢gblomEmo dmMgz0m 0,5 b
9050x3905-©s09M905 boba®dwo30 M™MOL 496353 mdsdo 72 boo
360LGH0BS300L 3OMELO 90-95°C
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3b®owbg 9 bsB3969d0 NaA  3odol 39gmwomol  dobowgdso

5¢30blo03o@Gm0 9ol d9ds9bgero 3m33mbgbEgdol Mm3EH0doww&o,
dn@NOH0  M9bIBIOOMDS, 390l Q509MH900L  boba®Iogzmds o
36M0LEHIODBE0s MYOTMUESGHOMYIM Fyaol s05BBsBY.

3b®owo 9. 490l M3G0dsgrm®mo Jodowmo 3gagboEmds s dolo sdYMIdOL

boby®dmozmds

byowynwo AG
800990 300 NaA

I OH009658356MHMdS Si02/Al0s 2,2
3EH0MBBOMBS Naz03/Al20s 9,8

I ©H00965356M™ds HoO/NaxO 40
5096900l boba™deogmds 72
390000Ds300L ILLHYOLO M, bod 30
360LBHODI300L LsgPHNM OM, Lo 92

sb939  gLfogerowos, 5¢3oblo03sGMMHO  29w0l 4o oddbols
36Mm3gbo  3M0LEIWODIE00L 393y LGoosbHy Q09MH90E
GG 9dobLOE0 35 39do, SQELMOBEF0YIO d9OMEOm.
5¢doblowozs@Gmo 9ol 3M0LEHIWHMIMJIbol F0TObsGGMdS
L53MOBEBHIWODO30M  ggol Yoo  BsDBOL,  SELMEOBEFOIO  M30L7dgd0L
05630993600 (330 qd0m, HoMmdmygbowos bGogdo 10.

3b®0o 10. b53MoLEE0BOE0M 3geol 3gs@o BSBOL sELMOBFOMEO
301999006 056803 I3MYYIEO 33EOEGdS

T, bo a, ddmq/y, P/Ps=0,40 a, 39meo/y, P/Ps=1,0
6 2,0 2,8
10 2,4
14 3,1 3,6
18 3,8
22 45 5,3
26 6,6 7,3
28 8,0
30 9,1 9,7
40 10,2 11,2
44 11,0
47 11,8 12,8
53 12,9 14,2
58 13,1 14,0
66 13,2 14,0
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653 8090mgdL  LOIMOLEIWODIGOM MgFo B 3gMIEo 3gMoMmEOL
3MLgdMBbY, Lofiyolbo 39MH0Mm©O TJgbsdsgds3M0LEI0DIE00L BMOI0MYOOL
0630796 3900m©L (2,2-8.0 3dm/y), 8989y 3Mdggds 3MHOLESW MO
Bobol 0bGHBLoOO LEHOWIEHMOOMYds  (9,1-13,1 FdM/y), MLsE dmbEI3L
LoBdotol 3608369wmzsbo @sfigzs @o 3MMEgLlol  ©sdMegegds, MHMAgEos
SLEOBdE00L  bLoool  dMdogo 3609369 MdOM (13,2 d0m/y)
3960L5DE3MYds.

550 33dBHM0E0EIEo LemMBdIBEOL Jo@MoEol—Lobmgbmmo NaA-
b 30B03mO—godorMo sbolinsmgdergdo

Jodow®mo  sBsewoBol dmbs39dgdols dobgzom d00g0eo  obogs

50096905 99306090 GMOINWOom:
Nai12s 5)(K, 1/2Ca, 1/2Mg ))o7 1) (Ali1.9s @5) Si1233) 048)18 H20

QO 390y mobbggMsdos  gEHowmbmMo  bodmdolb  (LTA)
36M0LEHMJ0FoME BMOTMILMD. 565E3080ID FoWIdMEO 39MEPOMNYOHO
doboeol M9bEIBMAMsT5BY 9MH»Ib0I36gMm3960 ©sb0dbgdol 303900l
3ML9dMds, 5ILBEGHMOGOL F0BbMdMO30 3MMm©JBHoL, NaA GHodolb (39mEomobl
300905, Mo M9BHZgMHT0s MG 0f 458M 33930l T9IRJOb (Bsb. 2a,b).

50b60T65305, BMT 290l BYIMYdS b dMI[oxzgds ©oE MMl
05958008l 5FMOBMWO 9ol 3OOLEHIWE BsBIT0 JoILZOL 3OMELDY.
9696MmO9LMOLOL EsBMY30L Jobbom 29Ol IdYMHYGOOLMZ0L  SMBYME0s
m5bols  3H9339M5GHEd,  3MOLEIODI300L  3OMmiEgbobsmzol 30 - fywob
Mool 9839M5@OMsBg  Bogwgdo, o3 320MMOEbI3zL 533 MIWs30L
SMBOEIOMOSL O 30OMMIMNHToMM0  3M0LEHIODBIEOOL  3OMEgLOL
Pgamol 5355659 HomBOMmM3oL. Molis3306039w0s 535l F03949350I0 ©d9MHGOOL
bsbaMdwogmdol  2sbMm©sdg 9J3bosb s  LssmsdEg s ©®sd9gbody

©09993 , 953058 gl 235dwg3l 100 xMmMeEwsdg 93mbm3osl 1a650
LOM9YoJ30M B693BY.
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)
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Bob. 2. 5b5¢ 3000l 25003MOLEHNM™YdOL F9a9© 300gdMmo 3MmEydEol -NaA
$030L 3900l M963a96ma™msds (a) s 0.§.b3gdEMo (b)

©5ygbowos,  O™MI  dmbgdMmogo  SBowEodol  3oMmmyHIMo

39053M0LGHOWYd0mM FoPGOMW0s BsBMEs© Lwnms NaA GHod0L 3gMEomo
Si/Al=1 9mEME0m; 39MEomol  3MOLEIOGHJOOL 92%—-0L gOHMAZ5MM3560
dozm®dg@ Mo 3MOHIon (3-50309), MO®Igeos 30l909d0m

d30605O0MGdME0 3390 30vIo NaA 39gmeomol 30632960963 bsr0sb0s.

obmgBMMo NaA &odol 39MmEomo, 85gdEgMoE0MEo m3z0l9d9d0L
8006039090, Ag-, Cu-, ©5 Zn- 35&0mbgdol, 0mbdodmadEgmgwro

Jodomemo  sboewoBol 999 gdHg  ©IYObMdOm,  QoTMMZWOO
00b630dm33womo  3H9350MdJd0, LGOS 030y, GMmI  JoEJdIMWO
3OO0 bLeMdYBEHO 5353OMMWIE HoMTMoAIbL 0mbIdMI33gels

15305Mm@ o0 0MbTOTM(33WO0MO (3H935MOOM, Mo3 dsldo 0mbIodm(33¢ 0l

d90MEOm  85dB9M0E0MIO  om™mbgdol 353 0mbgdol  Bsbgmyzol

LMo gdsls 0derg3gs.
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gbGowo 11. dbgdM0g0 bgmgmmol - AG s Lobogbmmo ggmEomgdol NaA s
939 bo NaA-s JodowMo d9a9b0¢mds s 0063080330000 ($J3500MBIOO

BIMWO00 Jodowcmo 89009b0emds E, 9993/
AG (0,67Na20-014K20-0,14Ca0-0,13Mg0) 3,15
NaA 0,95Na20-Al1205-2,04Si02-3,5H-20 453
NaA(g@Eo.) 0,97Na20-Al1205-1,90Si02-3,7H-0 5.05
E, 89d3/3

% 28 “c uly

NaA NaA({J(')bCL‘")

d9LHog00s 0MmbINIME3eoL ,,3dMso“ dgomom  Jogdmwo NaA-
G030l d5gdBH9m0oE0wo LmMd6EJd0, 39O EbEOL, L3owgbdol s Mmool
dodLodogrm®o Bobo33egdols  bamolbgdoom. 39056090990 domo
05dBH9M0oEo©MEo  m30L9d900,  39603b-,  L3owgbd-,  ©s  MOS-
Bb533 g0 B0W03L0EJOMIb s 565¢(300930056.

0bgdM030  (bsewr30do,  Bowodlo@o), LobmgbyGo (NaA-@ogdob
GIME0M0) S B0 IMEOROE0MJOMWO BMEMIGO0L Jodow®mo dgygbowmds,
3903bol,  LB3owgbdol s  MMMool  Fogbodserymo 99 (339 MBdOm,
9030609wo  Bm®INol bsboo  (MaNasK.CadMg.Mer)[ALSiyO-].nH20

dm399dmwos 3bGowdo 12. JodowGmo sBswobol  mMsbsbds FgMmEomgdol

3MobEGsmE  LEMMIGHMOSTo Si/Al gs®mds 0333egds mdbodzbgywrme,
Pgarob dmeg39wgdol GHomgbmds 30 0BM©Ids.

00mbdodmizeol  ®godaos 96O 3300l 39MEomol  3OOLESIO
LAHOMIEHNOL, O35 LEHIMPIdS IMPOBOE0MYOEo 60dMIgdol Bbzbowols
©ORMOJAHMYMYdOom. @S  @{MOM0g  ddModdbol  off  L3gd@Ggdoom.
dmox030090Mwo  bodmdgdol  off  L3gdBHegddo  960d3bgermgsbo
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33093900 5O F9obodbgds 99mbogswo 3gmeomwmo dsloerol Mbgz0m
DM gdmb J9omqdom.

3bMowo 12. 36986030, LobmgBYMHO s 85070 FMPOROFOMGIPMMO 39MELP00YHO
Leo™d963gdol Jodovyeo Bgagbogmds

60dmdo 9930600 OIS Si/Al
PSH (Nax.30K20Ca030Mgo.25)Meo.10[ Als50Si11.80052]- 11.4H0 2.62(16)
AgPSH Ags.42(Naoo1KoosCao25Mgo20)Meo 03[ Als 44Si1120032]- 14.2H20 2.52(15)
CuPSH Cui s0(Nao22Ko.17Ca0.12sMgo.12) Meo075[ AlsoSit1 70032]- 14.3H20 2.60(16)
ZnPSH Zn154(Nao01Ko35Cao0.07sMgo.125)Meo.02s[ Als.47Si11.70032]-15.6 H2O 2.64(16)
AG (Nas.2sK225Car 1Mgi1.0)Meoso[ Ali62Sis2.0006]-18.4H20 1.98(15)
AgAG Agos(Na1sK17CaosMgos)Meo.10[ Alis 2Si320006] 18.9H20 2.10(20)
CuAG Cus7(Nas2K13Ca07sMgo7s)Meo2o[ Alis0Siz2009]:19.5H20 2.13(15)
ZnACH Zn35(Nas7K14Cao7sMgo.75)Meo.20[ Alis.1Sis2.0096]-19.2H0 2.13(15)
NaA Nau1.2505)(K, %2Ca, YaMg)o7()(Ali1.95025)Si1233)O1)- 18.0H20 1.03(5)
AgA Aguo34Naia6)(K,%2Ca,aMg)o206)(Al11.76)Si12.33/O48)- 18.6H20 1.05(6)
CuA Cus.o@)Narsses)(K, %Ca, ¥2Mg)ossq) (Al 73Si1233Ous)- 19.4H,0 1.05(6)
ZnA 7150505 Na1263(K, ¥2Ca, YaMg)o205)(Al11.53)Si12.23048)-19.7H20 1.06(6)

Bobo33egd0l BsMobbo  (oMq3535¢0 womMmbol dmbEHOL BoMMdY,
5@3obol 5GHMIGOOL MM bmdslmsb Bb=A/X — AgZ-om30l, Bb=2a/X CuZ-
o30L, Bb=2a/X ZnZ-m30l) dg@o0s LObmMIHBMMO FIMEP0MOLMZ0L, Bogagdo
3b65¢n3080LmM30L, o8 d0MOJEHOOHO ommbgdols 899339 mds sbowrzoddo
56 Bsdm®Bqds o0 99933900 d5L Boodbo@do (gbGowol3).

3903bol  ombgdo  L3TomE  vsE30IE  v©f9396 3gMEromol
3600LGHIWME  BEAHOWMIGHMOSdo, LB3owgbdol s MWMooL 0mbgdols gmfgls
5Boe30dol 30(MH™m sObgddo (4,2Ax 1,6A) @5dbgargdogenos, gl godangds od
006990l 30M5@S300L bseolbgdl TmEmol bbgosmdoo soblibol, MH™Iwgdo;
R}MmMgddo  Hb3gd0sb. 503350 39MEbol  ,,0bDMEoMmIdMEO”  0mbgdo
(Gsomlo 1,15A) dg@os 3069 Cu? s Zn*(0,73A s 0,74A) Gglsdsdolsc.
95658  300M5BH0MGOMo 396MiEbeol ombo 89o3o3L 4 Imewgzms figoal
[Ag(H20)4*] LHEObsBMOO0350 535b0bx gdmwm A9 590OME
3Mb6x8309M5305d0, 350b MHMEILsE B30EGbdol s MIMOool 0Mmbgdo 9035396
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9Jd3b  dmerg3mws  Pgoel  [M(H20)6*]0s  5d3om  LHimGo  md@ogo®wyeo
3MbR0yMM530s.

3b®ogo 13. BsBs3300980L baMolibgdo s @ommbols 990(339eemds
3mouoEeMHYdME (390e0mgddo

6oderBo Bbgzg(;fg]bob wom®boLYnd339eds
opbo 3/ 80men/y
AgPSH 0.77 230 2.13
CuPSH 0.80 66 1.04
ZnPSH 0.82 86 1.31
AgAG 0.625 234 2.17
CuAG 0.49 65 1.03
ZnAG 0.50 69 1.05
AgA 0.88 382 3.54
CuA 0.85 149 2.33
ZnA 0.88 154 2.36
4 —
35 1 3
3 .
25 = B Bsbs33emgdol batolbo

1 N @omnmbolidyd330mdo,
os (L CalalBEElD  oteon

PSS FFE T T
ST T T Y

@00™bol 0mbgdols 359mbmsgoliryaegds

dMO0x0(306090Mw0 39M0mMYGO06 wommbols 0mbgdob
390bmogz0LMRgdols Jqlobgd dmbsi39dgdo dobodserryMo ds0b30d06M9gdgwo
3M6396@G®Ms3ool 860836900 ™md9d0L  Lobom,  Fgbsdsdolo  BoMogdGHOMOO
00b6990L5©d0 dmEsbowos 3bMogwdo 14.

3903bol 0mbgdols d0bodowrmemo ds0b30d06Mm9dgmo 3mb3gbE®MsE0s (893)
E.coli-s 3005600 89500396l 3,996 9y Ag' ©33-do 96+ 0,037 ddmels, Cu?* o Zn*
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0mbgdol 803 E.coli-b 30356 Fgoa9bl 13dmenl. AgA-sb 1 Lo-ol 909
390Mmbmogz0LMRgdYwo  39OHEbBol  0mbgdol  Momgbmds  M58gbsdy
9o0oE0s, 300069 893. 0Mmbgdo godmbmogolynwgdmo AgPSH-sb 893-L
5009396 dosbermgdom 2 Losomol 9999y, AgG-sb dbmwme 12 Lssomob
9990092 (3900009806 godmbmsgolvnwgdmwo b3owgbdol s Mmool
006930l Mromgbmds ods0s 803-Bg s MIB0I3z6gwm ZnA-m3z0l, Mg SGoL
LM PBHIMBST0 O EIOGHMOIE IMb(39990mM5b.

gb®owo 14. mommbgdols gs8mfizomas (33meo / 333) wg— b

60dmdo wPSH wAG wNaA

0("160 Ag+ Cu2+ Zn2+ Ag+ Cu2+ Zn2+ Ag+ Cu2+ Zn2+

1 bssmdo | 0.75 <0.05 | 0.08 10.20 <0.05 |{<0.05 | 1.05 |<0.5 [0.05

3bssmdo 1.3 0.13 | 0.20 10.43 0.2 0.23 2.4 0.11 0.05

6Lssmdo 1.8 025 | 035 10.92 0.34 | 0.38 3.2 0.22 <0.05

24bs5mdo | 5.2 0.45 0.5 1.6 0.52 0.6 5.0 0.32 |0.15

053390 30EMEo M30L9d900. M0 do15 InEsbowos 3J0MHBdO - dageol
AIbAOL  99093900.  9BFGH0dJBHIMOMo  M30U9dgd0 96 500boTdbgds
©3Mds39090 (3900 9d0LIMZ0L, dowosbo  bOs  E.coli-ls
3m@mbogools  309@obsrgmdl  dglisdsdol  3gBH®ol  x9990bg. Mol
059BA9M0MBEHG0ZN™  5dBH03MBIL 5350036908 3960 3bRbs33Egd o
Lobogbmemo ggmeomo AgA. CuA ©d ZnA 53e9bgb  ©ods 59E03mdsls
0930 390mbmogolvagdmwo 00M3JGHoM0 wom™bgdo 396
MBOHMb39mymnqb 350630806909 3mb3EgbEGHMSE0sL. 350630806M9d9w0 Dmbols
053930900  IMEO0R0306099900  ROWOo3LOGJOOL  M58gboTg  Fo®owoy,
300069 00539  @ommbgdol  353H0mbgdom  IMEOBOEOMYdIMWO
3000bM3GH0MmEo@gdol MmO Jgm0Esb s M39Ibodg w@OoEos 30O
9050300900 B E0dqd0b.

BoGoMm9deo  33¢093900L 90929 ©9a960w0s, GMI 3YsMBIHBMOO
0mbdodmizwomo  M95J3ogdL  Jodome  dbgdmo3  BowodboBly o
3boE0d%bg s19g39g 96sEEOAOL  goO3MOLEMYd0m BorMgdve NaA Godob
39omnDHg gohomol dbMogz s  TgLsdsdolo  A9MOT535¢0  WoMMbYdOL
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950 gdmsb gmEgl IbGO3 30394935000 (39MWOMMO Fobogrgdol J0wgdsdy
3960 3baobl, L3owrgbdol, Mmool Jswswro J99339MdOM.

3993560000 00Mb9gdol dosdlodoey®mo 933390 mds 50Hg3L Lobmgbmeo
39M0M0BsM30L (390 3bwb - 3808y/4-bg 9B, b3owgbdl 180 dp/4-0w9g o
0mosl 159 dy/a-Bg dgAL), dMmbgd®mo30 (39Mmomgdo JgoEeggbh bs3wgd
5096Mds BOMIJEHOMO 0mMbgdL (3963bel - 230 Tp/a- 39, L3ogbdl 65
9y/3-0009, omos 70-85 9p/3-09. 9933505, 39O EbEol, L3owgbdol s
000l 3000M5GH0MJ0M)o  0mbgdol  BsO™M3s  (39M0mMOL  3OOLEICO
LEHOYIEHMOIT0 GobolsBPZMYGdS A5FMYgbgdEo 3FgMEWOMOl J0IMHMPBMEOIOOLS
Q5 9MHbgdol J9wfg39500mdom 9gHmol bMO3 S  30MIBHOMYdIMo 0mbydoL
bmdgdom dgméglb dbMogz. Hywol sM9gdo IMOxoE0Mmdo LobmgBmeo
39000 BHOsx350 960530UMxegdl 39M3bErol 0mbgdlL, ds0b3odoMgdgwro
3M6396GH®o30s E.coli-l {Hobssmdgy 3000930 1 Losmbg Bogargdo dmols
396353c0Md580, Mool 0mbgdo 96 A9FMBMIZ30LMBREWYd06 Lb3owrgbdol
0mbgdo 3dbodzbgrrme.

3bM0oo 15. 35336030 S IMEPOBOEEMIINMWO (39M0mgdOL 0630300730 Bmbols
0539¢®0 (00) E. coli-1s obosmdwogy

G900 PSH AG NaA
39G®ob xsdo 0 0 0
E.Coli+Z
39¢®0b xsd0 18.6+0.7 12.5£1.2 22.3+1.5
E.coli+r AgZ
39G®oL x 530 15.7£1.0 10.1£1.0 8.4+1.2
E. Coli+ CuZ
39G®oL xs30 16.3£0.9 9.5+0.5 3.2+0.3
E. Coli+ ZnZ
39G®0L x 530 16.3£0.9 9.5+0.5 3.2+0.3
E. Coli+ ZnZ
E. coli-o» @5 ZnZ :ﬁ
E.coli-oo s CuZ _ﬁ__ DA
E.coli-00 o> AgZ P__ ' HAG
E.coli-oo» 5Z . I = PSH
0 5 10 15 20 25

39603bol 0mbgdolL 2sdmbmsgzolvyrwads dmEoxo(306M9dMEo d16gdM030
39Momgd0Esb ool  bgws- gowodbo@obomzol  ds0b3odocmgdgwro
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3M6396GH®Ms305 doomfigzs 2 Losmol 9999, sBsewEodolsmzol  MIMools @
b3oergbdol 0mbadol godmgmxs bgds dosbermgdom 12 Losomol 999y,
95658 35063000609090 363396305 96 Fo0wHgzs 24 Loscmol 899wgass

dombgogs© 5dobs 93900 39033090 60dmdo 5396l
05dAH9O0MBEHIGH03M 5dEH03MIL 30630-05199M0L BJuETo, Mog SLEIMHJOL
0300M6  (39MW0MIH0 FoGHMOEOL 5JGH0Z3MONL s 3OS TBMEPME dOMIJEHOIMO
wom®bydol 00bgdols 59JBH03md5L. MRO® 9o 593060
3903boldgdazgero  LobmgbMMo  ggmemomo  AgA. opMsd  dmbgddogzo
10030300, 9500 JMEOOL ,0080° WomMbldol L3owgbdols s Mmool
99933903 BEXMmdGb 15305MmE FoMo 5JEH03MdL S MBOM 39OL39JGH0Wwbo
56056 Bo3900E0bMm IBOTEMWgdom s Bbgs JoBBYdOm Yodmbosygbgdesc.

d594BHMOE0EIO (390M00IHo L@MMIYEEJdOL 0,MbEIoTM3EPomo
Lobomg®o, g59bgomgdwEo 35MEH00m

03.% 53950083000l 0d0Eolols Lobgardfogm mB039MLOEYEHOL
B0HO3NOHO O mOYBMo  Jodool  0bLEBHOEHMEHOL, BoBOIMOH—JodomHo
36MH™mE9LYd0L 330930l dMMIEGHMM05d0 FoEgdMwo 04bs d59EgMHoE0Wo
LEEO396E9O0L oAbl dIE0 35MEG09.

©50bs, MHMI  dodBHgMo3oMEo  bLmMd9bEgdo  Bowodlo@gdols
b3oegbdols @  MWPOooL  0mbgdol  dswowo 8993390 Md0  J00MYdS
39Momols s dstowol  JgMgzom 10 foo—ob  obdsgemdsdo. 53539
wommbgoom.  NaA  Bodol ULsx3dz9wwdg 9mdBsEgdMmwo  3gMEomol
b3oergbdols s ™Mool  IMEOG03530900L  F0MYdS bmM 309w ©gds
3sMm0owols s  3gmomoll  ffmbomo  msbsgsdomdoo 1:1.3, 5 fo-ob
3968530 Md5d0. d930L{ogwgom 9009dwo LEOd6EYOOL
05dBHM0MLEBHGH03MNM0  5JB03mds  J90930  803OMMMA60BIYdoL  (Bsb.3)
9085600 890092900 dm@sboos 3bGowdo 16, Losg D/3d- d030MMMRs60DTol
BOHOL 0630d0MgdOL BMBOL O53YEHMOS.
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5039600, ®MI IMOx03E0MdIo PSH-bs s NaA -bdowgbdols o
Mmool BMOIGPo  9dBHomEos  33eg35d0  2odmyggbgdmwo  yzgums
9036OMMMA60DIol dodsdm. oblbgeggdom Na*, Kf, Ca?, Mg* 99933390
016936030 Fowrodbo@ols @y Na+ 999339c0 NaA-996, O™mIwgdoz obgbgb
69DoLEGHIBEGHWMW MO BsdMmm3w00 F03OMMMY60DTgd0LsTO0.

BoGHoMm90o 3309308 990093909 ©YMEMBI0m  IdMESEHMEOO
30609030 d0gdwos 39M3Ebwol, B30 bdobs ©s Mmool 89d339wo
3G9omO0  bLEMdIBEHIO0  JoswrEol  FoMdmgdsdo  dodBHIMO(30ME0
39MomOo 99953193 9d0L Lobom  godmboygbgdams; doom Lsxgwydz9w By
53BN Joowol  3OMBHMGH03900  FobollosmgdWGdom  SHEMH
399930530 Lo gdoLOM30L oygbgdmen dmmbmzbgdmsb.

3b®oo 16. 300gdMmo LeMdYEEIdOL S6EH0003MMDdMEO sdE0ZMdS

#| 3o0mbsggwo 3°dmEol dggyo, D/Ad
dozmhmmépsbo | PSH | AgPSH | CuPSH | ZnPSH | A | AgA | CuA | ZnA

bdo

1| Bacillus subtilis | R 37 34 29 R 39 39 37

2| Staphylococcus | R 27 25 32 R 28 26 38
aureus

3| Escherichiacoli | R 25 24 27 R 27 39 35

4 Candida R 34 33 37 R 36 41 43

albicans

5| Aspergillus R 39 36 41 R 40 42 46

niger

Escherichia coli Staphylococcus aureus  Bacillus subtilis Candida albicans Aspergillus niger

Bob.3 gM50-3gdomo dogdgos Escherichia coli, 3®59-1356094mx00m0 35300900
Bacillus subtilis ©5 Staphylococcus aureus, sm3mgdo Candida albicans ©s
Aspergillus niger

B396  gmEO@MYdsll 353530 gdm  doModBHowWEmOo  slsgngdolsmgzols

wommbdgd3z9eo  39gmomyOo  89953090¢0qdol  BodBHIMHOEOOYICNO
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5930300l BHb390ymeBsBY, HMIgd0E 89039396 MBOM 0553 WoN™bgdl
oMoodt  (2.2-25 $/33) ©5 UL3owgbds (5.8-6.2 $/33) 00 60343500l
59BH03MmdLsb  FgsMgdom,  MHMIgdo3 09039390  d30M9OMmYdE
3903beL (16,8-17,5 $/ mb309).

dmdbsgdMEo  05JBHIO0E0PMIO  39MomIMHo  F9ds3LgdEgdO0,
OMIgEms  250myqbgdsz  dgladewrgdgeos  LobmEErm-bsdgmMbgm. 33900
36MMEJBHJool s Lbgs Lobol 3GmdEool dglogrmma  godmygbgdmwo
Jowswols  [omImgdolmgzol,  2o59dxmdglgdgd  Jowswrol  dgdebo3m
®30L9090L, YBOHMB39wYmxgh oo SELMOIFOM  FH9g3o™dL  Hywol
MO0l 03O S BodBHIMOE0ME S 05JBHIOOMBEGH0IME 5JBH0ZMISL,
o3 9930MRL  3OMEMIBHIOOL  35JGHIMH0Mo  ©d0BIMEGOOL LsdodMmMYdIL
398mM03bogl  MdOL,  9MOLlOSIMZbM  bbgdol s  Ubgs  dozmMmdMo
©5006dMMgdol  Fomrdmddbsl Jomoeols s dmygoml Bgsdomby. sbgmds
05J3H9M0E0NdSs  39MEomwMTs  LMEMBdG6EHYITs  Fgodergds  godmygbgds
33m3mb  OHmymO3  9995390gdds,  SBY3g  IBOWGHESZBs  Boboergdds O
L5 B0bRI30M LodwsEGdgdTs .

©O0O0s  0b@GgMglo,  Jowswrol,  dmyoml s  dgmmgzgol bz
b5dw9oegdgool  AFoMmIMgdgero, 3L, Jomowro+ ol doge, B3z9gbL  dogH
dm3Bogdmen 05JB9M030YICw (9006 99053L909d3%Dy.
Po68mgdobmzol,  Jo®sw@OolL (39MmE0mIMH0 3593 9gM0E0EEo dgdsgligderols
dmdbsgd0L  3H9dbmmmyool  dos3gdol  dgdmbggzsdo, d90953b9d¢ols
Jowowol dslsdo 8993560L  3Hgdbmemyos o Jomoo/dmysml fomdmgds,
9ODNMI0350 046905 534985390 o.
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5153365

©sb39howo s IM[rgdMos LGSR0, §3MEXMPO0MOHO S MJBEHIOIIOHO
00bdodmiE3zeol,  394omxRsBMMHo  IgomEo, OHMIJoE  9OLYIMNOLORD
3o6Lbgeg900m, Lsfiyobo 603009MHgdd0L  JPMNXIOIO  MOMNO0JOINJIg-
©900m, dmzmy OH™Jdo 39653063901 9505 lMmMdF0IE—
©9A™JB03530M0 dJBHIMOEF0IO LMEMDIHEHJdOL FoMYdS;

5960wy, HMI 0mbIodm33wol 3MM(390MS 0f393L  (39MWOmN YO
doboerol  oldgMLiools 9600369m356  BOEL,  3mb3MgGHWws:

AgPSH 60dmdol 899dmbggzsdo  dlbgowo 360LGEo@Ggdol  bmds o6
509353905 20 930-b, ZnPSH s CuPSH 6088900l d90mbgggzsdo 30-30930-L.
33930l 9900039030  608sbmdogz0s ol BodBHog, O®mI  dMbgdmO3
100306 JgsMgdom y39ws HBgdmo s0bodbmer dgdmbggzsdo 2030-
b9 bs3engdo Dmdols 3HobiEso@gdol fowo 0bBMHYd;

Joeomo dmbgdMo30 Bs 0ol gos3MoLBswgdom, 306M39ws@ sMHOL
900900 d306050MgdIMwo A GHo3ob (390e0mol se@GgMbs@omeo,
P300woldgmbymo,  903Mmdg@HMmeo  OHMIdMYwo ©s  39O6O
3MobEBogdol Lobol  (39mErommMo  LmGdgbGo NaA, dsbslbosmgdwoo
Si/Al=1, s ds@oo 0mbdodmizwomo  GHg3smdoo (4,53  09d3/9).
LobmgBMMo NaA 33¢0g35d0 BoGmmos MHMYMOE 9BEowmbo 3bgdG03
R0E03L0EGHH Qo dols 054AH9O0MBESGH03NO 5930356
d9L5M9dMO;

30639Ws©, BowodboGl, LobmgBm® NaA  GHodol 3gmeoml  ©d
d9L50530b0 Q95T 535¢0 WOMMBYOOL FoMOWGOL TGOl FYsMIBIBMOO
00b630dm3E3womo 0959309000 doMqdIemos 60dmdgdo - AgPSH- 230 8/
3903beol, CuPSH- 66 39y/y L3orgbdol s ZnPSH-86 8p/y ovjomools
3993390 mdom. 5939, AgA- 380 3/ 3963Ebol, CuA -180 dy/q L3owgbdols
s ZnA- 159 8/ 00mo0ol 8993390 Mmd0m;

59600y, OIQT) 396 3barob, b3oergbdols Qo 000l
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300653H0MJPMwo  0mbgdol  BOMMZL  39MmEomol  3OOLEIO
LEAHOMIGHNOIT0 gobs30MHMDIIL MOl dbGOO3 Fodmygbgdmwo 39MmEomols
9036OMBMOHIOOL  sMObgdol  dgofiggzomds o dgmégl  dbMog
300M53H0MJdMwo 0mbgdol BmIgdo. godm3zergmo 60dwdgdo s3w9bgb
05d3H9O0E0IE 5JEH03MdIL 3J0MHDBO-BM9gMOL, OL3Z-OBYBOME, gl do,
o3 SLGHMMGOL 96 FbMWMmE  00MIJBHOMNMHO  WoMMBlIdOL 0mbydoL
59BH03MdL, 505390 3000Mb omMMbdgd339e0 (39ME0mMIMHO LMGODdIHEOL
59BH03MdLSG;

Bobg9bgd0s, MHMI  9@O™  FgBHo  9dBHowmGos  39MEberolidnd(339wo
goodbo@o - AgPSH, Gog 899b9ds ,0080“ ommbgdols Ldowgbdols o
0000l 9993339 30e03Bo@gdl- CuPSH s ZnPSH, Gmdwgdog 3wmdgb
51939  Lo3Tom@  Foo  B35dBHIM0E0  5JBHOZMOL,  93mbmTonMo
0350bsHOHOLOEL  498m0bstyg MBRGM  39MHL3gJGH0Mos LbsdgoEobm
5608699000 s bbgs doBb7gdoLEMZ0L godmliaygbgdeno;
05J3H9O0EOON0  (39M0M)MH0  LeMMdYG6EJd0, Fgdogligderol  Lobom,
3990yg9gbgdmeos  Jomsgrol  foMdmgdsdo,  F0MadMEos  Joeerob
36OME™MEH03900;

0900539005 ommbols  dodlodosgryMo 999339 MO0m  WomMb-
39933900 (39M00)MH0 LeMBGHEHJOOL B0PIOOL M3EH0TSWIHO 30MMBYdO.
529000, MM 50bodbmeo bodxdgdo AgPSH, CuPSH, ZnPSH doopgds
39M0mMOoLs 5 3OO0l MobsxgsMEMd0m 1:1, 10 ool 4963s3¢mdsdo.
AgA, CuA s ZnA — 0565835MmMmdom 1:3, 5 {r1mol gobdsgermdsdo;

PSH-ob > NaA-bL ULsgmdzgewdg  ImdBsEgdmo  Lm®mdGHEHGOO
563080360MdM0  59GH03mdol dglfogeroll J9gyo®© ©oA9boEos, GMJ
dmO0x0300900 B0wodlo@obs s NaA-b 3963baobl, Ldowgbdobs o
0mool  gmMIgdo  5dBHoMOm0s  33wg3sdo  godmygbgdmeEo  Yz9es
90360mMmmGOHR560Ddol Jodomm, 2sblbgs39000m oo Lsfyolo Gm©IGdOLsb,
GOmdwgdoz  0Pgbgd  M9BoLlEIBGHM@MdL  Bsdmmgeromo  dozmm-
656039005 do0.
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Abstract

Zeolite sorbents and ion exchange agents containing bioactive metals and
bactericidal properties are promising materials in terms of ecological sanitary and
medical use, due to the combination of zeolite sorption-detoxification and
antimicrobial properties of metal.

There is currently great interest in developing cost-effective methods for
obtaining bactericidal zeolite materials of prolonged action.

The aim of our work was to obtain bactericidal zeolite sorbents from
Georgian, selection of natural mineral raw materials, refinement of the method of
obtaining pure fine-grained bactericidal sorbents based on them - scientific
development, study of physico-chemical and bactericidal properties.

Based on the research, was selected natural zeolite phillipsite from type
Shukhuti precinct-PSH and synthetic zeolite type A obtained by hydrothermal
recrystallization from natural analcime (Gelati origin-AG). They are characterized
by high ion-exchange capacity and adsorption capacity to water vapor. Which
makes it possible to use them to produce bactericidal zeolite materials. Based on
selected natural phyllipsite and synthetic NaA type zeolite, a dry, solid phase ion
exchange reaction between the zeolite microcrystals (5 pm) and the corresponding
salt of the transition metals is performed to obtain silver, copper, and zinc-
containing microporous bactericidal materials. During this reaction the exchange
of ions takes place at normal temperatures and often ends in the shortest time.
Further increase in zeolite and salt as well as prolongation of the interaction leads
to a slight increase in the degree of substitution. The chemical composition of
sorbents is determined and identified by X-ray diffraction patterns and FT-infrared
spectra. Low-temperature nitrogen adsorption-desorption isotherms and
adsorption water vapor, confirm the maintenance of the total pore volume and the
mesopore system, with cylindrical channels (average diameter 22 nm) and more
than pore diameter (more than 50 nm). Skaning electron microscopy images show
that the synthetic ion exchange synthesis procedure leads to an increase in the
dispersion of the obtained materials. The procedure of ion exchange synthesis as a
whole leads to a significant increase in the dispersion of the material. The size of
the largest crystals does not exceed 20 pm for AgPSH and 30 pm for ZnPSH and
CuPSH, the proportion of 2 um smaller crystals compared to natural phillipsite
increases, especially for the AgPSH sample.

Prepared materials containing silver, copper and zinc were tested for
bacteriostatic activity against Eschetichia coli in intestinal sticks, which was
determined by Kirby-Bauer disc diffusion method. Regardless of whether the
amount of bioactive metal ions reaches the minimum inhibitory concentration in
the solution, silver-containing zeolite is more active. Its bactericidal effect can be
attributed not only to the silver ions released in the solution, but also to the
AgPSH itself. Then again, here too, CuPSH and ZnPSH activity can be linked not
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to the ionized metal ions, but to the metal-containing zeolites themselves. Thus, to
obtain bactericidal sorbents, the ion exchange process between natural phyllipsite
and transition metal salts has been studied and refined, in solid phase state, hich in
contrast to the existing "wet" method of ion exchange in a short time, with a single
treatment of the starting substances, high sorption-detoxification bactericidal
sorbents are obtained. It has been established that by this method it is possible to
obtain samples with high content of silver, copper and zinc, while maintaining the
structure and other properties of zeolite; Obtained metal-containing zeolites
exhibit bactericidal activity even when the allocated metal ions fail to reach the
minimum inhibitory concentration in the intestinal sticks.

Due to the great interest in the use of synthetic zeolite sorbents in medical
technology, in the second stage of the research, new pure, high-phase low-
dispersion zeolite crystals with hydrothermal crystallization of Georgian analcime
were obtained. Using the method developed by us, the maximum cation-
substituted bactericidal sorbents of silver, copper and zinc are created from it.
Natural analcime in this case is the source of the Si and Al components necessary
for the production of synthetic A Type zeolite and for the first time, an alternative
to of expensive commercial reagents in the crystallization process.

Bactericidal zeolite sorbents AgA, CuA, ZnA were obtained by the solid-
phase ion exchange method developed by us by the interaction of synthetic NaA
and corresponding salts. Their bactericidal properties have been studied. Prepared
materials show bacteriostatic activity against intestinal sticks (Escheria coli).
Sorbents containing cheap "metals" are more promising materials.

The use of obtained bactericidal zeolite materials is recommended for
cleaning and decontamination of contaminated waters and soils in various fields of
medicine and environmental measures. Also for use as a bactericidal zeolite filler
in paper production. They in all cases reduce the high risk of contamination by
microorganisms.

AgPSH, CuPSH and ZnPSH bactericidal zeolite have been prepared large
parties and delivered at the Tbilisi manufacturing "Paper+" for production testing
paper batch. Paper prototypes with satisfactory bacteriostatic activity and
increased mechanical properties have been obtained.
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