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Abstract:

Background: A large amount of silver chloride residue is produced from the Mohr's
experiments in the industrial and educational laboratories. Considering the environmental
problems caused by the release and accumulation of silver chloride, this study aimed to
design an efficient method for the recovery of silver nanoparticles in laboratory waste with
antibacterial activity.

Materials and Methods: This bench-scale experimental study was conducted on silver
chloride waste samples accumulated during one semester from teaching laboratories in a
batch system. Formalin and polyvinylpyrrolidone were used as the reducing and stabilizing
agents, respectively. The size of nanoparticles, size distribution and stability of silver
nanoparticles were investigated using transmission electron microscopy, dynamic light
scattering and UV-visible spectroscopy techniques, respectively. The antibacterial activity of
silver nanoparticles was assessed by measuring minimum inhibition concentration (MIC)
with a serial concentration method.

Results: The results showed that the optimum silver recovery with small size and narrow
size distribution was achieved in 0.7 mol ammonia solution and the formalin/silver chloride
mole ratio of 2. The MIC value against Gram-negative (E.coli ATCC25922) and Gram-
positive (S.aureus ATCC29213) reference strains was 50 ppm, whereas the MIC of
nanoparticles against the clinical isolate pathogen (Acinetobacterbaumanii) was 25 ppm.
Conclusion: The proposed method is a simple and efficient method for the recovery of
silver nanoparticlesin laboratory waste. Moreover, the obtained silver nanoparticles have the
powerful antibacterial activity.

Keywords: Nanoparticles, Silver chloride, Antibacterial activity, Silver

* Corresponding Author.

Email: sh_khaloo@sbmu.ac.ir

Tel: 0098 21 7730 9962-5

Fax: 0098 21 773 02969 Conflict of Interests: No

Feyz, Journal of Kashan University of Medical Sciences July, 2013; Vol. 17, No 3, Pages 261-266

Please cite this article as: Khaloo Sh, Saadati Z. Synthesis, characterization and antibacterial activity of silver nanoparticlesin laboratory
waste. Feyz 2013; 17(3): 261-6.

\aY



http://feyz.kaums.ac.ir/article-1-1952-en.html

[ Downloaded from feyz.kaums.ac.ir on 2026-02-20 ]

SLasilecas 3 Juola 0,8 &l ) g3l (5 3SL acs cuallad g AL (s Jiie
Ga&z:.uﬂ

Y *y

J:bu.c [FLEN }.“" <l a"s..f»
IS
}B » L EYS -\.:‘}5 o) ‘-;:'J"»‘T Lshalf.:.!h_ﬂ 25 A Qu-_l‘\ﬁJi “ .byf a;&.’l .\a_,kS .bLo.«.i 1) j_:\fu '@u\h’&tﬂ
g;’l!’.JL’ 6‘;}&\.3 aA}l{\eg% wslw ‘;5‘,) f‘)b JML:;}JJ.: u‘l‘ Aubic&qﬁj‘.;jlm\.hj J‘ &F:L u.k?z»glm—.lj NS u”—})f
A B gl S s ol B 3 S e e
fj" ‘S_{ J"L BL) J;J}"' 6\.&5@.&4_&5] j' PR 6)3]@.‘{- -\AL«..*; 2 ‘;h@.;'a_b)] wL_Ju BE Jfﬁ axdlas Cj‘l‘ :lh&j) 9 -5‘9.0
salaw! a.\:}SJL.\;'\i Q‘}.Pou b.j"\:'b):‘:; J’.‘"ﬁ} ‘;L_vr K} aS \:.>| ub..ﬁb Q?“”J" J}\m )| ga,’d C)'JS _941.» }Z.:...'J: LJ; r\’u' J:.«::J
-J._.b} lﬂy_ Y L;.LS‘,; g_;'.’lf @},ﬁ' y_)‘,ﬂw};_.a 51 eslawl L o A \.@j 6_)‘.\4_\9: 9 S5 63l @)}3 )3 yb oyl kil LAd
MIC) Mwmﬁ‘.\’ 6;:}‘&‘\.3“}'&5 a‘;ﬁ Q‘)SJJU @Q}SQMWB}QM W ssy anﬂd‘ﬁ—‘;f ua.,\""’v.wa
s S aadlas o cBlE igsa
o5 S5 s3I w5 5 S sS oI G155 e 3 g05 Bl b o) b3k 33k n e o5 Hisls DL adllas oyl slasil gl
E- sl gl 58 sl MIC Olps 30 g0 Jouol ¥l 085 A5 4 b b Jgo d 5 Shigol ¥ g0 oIV ) 5
Cwws4 Yo ppm i Acinetobacterbaumanii <l ig 0554 sl 9 00 ppm b 4l S. aureusATCC 29213, coli
el
SLakilons 508 D)3 S e S 4 0@ 2L5L 53 S g sl sl (pHg, el LIl Sy, i Ol g 3o > 1S S Ao
o bl a3l G g el ol 45 Al e el ol SSL D Cools ghyls Jeol D)3 U el L

YUYV Slois ATAY 508 5 o3 0 O o5lad (oaddn )93 ¢ b (055 — eake waliols 53

Sl Sl e e Cilises @Lu Shesbe ol CBL5L (el by
Il 58 Sy Jasue 5 Bl ac 5 syls Gl sl
O3 Sl e 5 SILSL ) feols 08 amily Adl s ool
2 OF 51 Ol Sl Fa il b SL A oot b o)
sl s SBL5L AT Lk 5505 eslitl T pls508
5 g Sdalsl OF Wl mlie 3 dalss 13 6333l
3wl ahex 5 O als3uE Jsems slaiy, sdame O
213505 e sl g gl g e il Y geas
o3be Ol geay o 31 eslinul Xz a [¥] bl Slw! 1, O
039 4 5 5550 5bps 5 1AE 6 1gK By b a3 s SLAs
215508 55 0 51 ealiul 55 oS 5 gdue Jol s 5 S
o i Sl 65U Olg &S o 53 i el gl fule T
S e 4 Dajke 5 ool B, b1 alaiaS et L
ooliinl S 53 550 o8 3 ged 4 AP IS TPS
bis 5 Gb KOl 5508 53 sl Comsay Jgeazmas )
gl i iedes [Y] g Cgmin s S b 5l Gy e
S (ohd 5 S b lad gl 5 AL 0 L5

yay

.érﬂ

oA (g S b e (IS 68 s U i sudsT Ol Sy

dodo
b gl gl & el sl F DI 5l 0
3L b ) gon 08 1 0SS g g 02 g (525w
b4 Wb <il ph 4 fde 0B Canb 3 sde
5o @ 28 S BN e BEVICH- PR OSSR
oz 51 0808 mleo 3 Glsl b slas )8 lls O OS5
3 Sl el iy 2 5 S S (S Wb Cnie
i sl p e sba U] il YT, p5

g oo Caanb 55l

pole LD W) Buzo 9 (siosl ualluw 23S iy pole 09,5 olysbiwl '
030l 321y gollasl 31T oINS ¢ goud 09,5 )by sbiwsl "

sgins axiugyd (M3

095 ) By 5 (ghoal Cualhas 0358313 (s95 ol ey OLre5 dpanS> Ol
wlpsle

B AR CELITRIVITN <) VY. 995750 :0ll3
sh_khaloo@yahoo.com :533g)35)l Camy

U/ VPP saled oy Ayl 9471 +/F 0l Ay


http://feyz.kaums.ac.ir/article-1-1952-en.html

[ Downloaded from feyz.kaums.ac.ir on 2026-02-20 ]

v A& b3l ladiloms 31055 Il Jglos

°C s> 53 Ll Cagb, Dage by s Oad KiE e
e 0 Jaloes (e A edls Ol Cele VoGl VY
4 3 S e SWigal 5 Vg IV i 53 LS 65 Ve
LA o dee G Al de Yoo s D5 SU e gl
Alke ¥ o4 o ol Oys0n Sbigl Vs Vsl
o dsbome 5 0 035351 GUT slos 3 s Y ge Y/ Jslos
bl B L e 5 e 355 Jgeme K Il o S 02
S 3 15 JS b S Glosg 4 LS 0 & gl
bzl b Jolo S350 s Shs oAb plol dids K 0L
UV-Vis b .8 8 )13 gy 2090 it bS5
Aventes 2048, ) ;o 5 55 ;SKeusl o&Kis 31 o3kl b I3 5L
o3Il 5 6595590 o p osbieds .ol cawsa (Netherlands
w3 56 (TEM) 138 g il O sKans Soon b 51 ol
Zeiss EM902 ) sl Cofuy S b sl sy
o S A5 o3lizul (Microscope, Oberkochen, Germany
by o SaSly cib Sl elial b o oIl x5
spletb; 31 Jel= (Dynamic Light Scattering)
Worcestershire, UKMalvern ) ZS3600 Juw
#b aasin K, 35 I3 w,p 3,5 (instruments,
Ky s 45 il Dgendly i oy I (S0 0B D)3
RS e ABb e el B sgd e dgb )3 patie
5l D)3 SU laes 5 G5 Bsse coSINN 4 arly b
503 b ol 058 I b Ol
S a Oldlas [V ]osed o i 1 103 o3Il 55
E-) o p 5 6550 g5 b agrlsn 5o Jool> Sl 5L
0554 K 5 S.aureus ATCC 29213) cuts ¢ 5 (coli
NP eon 25 b g 5 (Abaumanil) il e
CBL Pl s Sl s 53y e 5 23S
ol g S5kl aen A eslizal Sl,3 66 MIC 0554
Jols 5t clale o xS VY] ws B 1SS Lss CLSI S 45
35 s el dd, JolS By G oS 155aE
ol 4 s, Seilnl (MIC) 558 0 by S saSals
00 (YO N 0 glackle 5 LU AT glach g S 5l sk
Usbms 533y 3 Jole) 0 S50 5 p S ke Vo
Veoovedn CFU/ML 5 (o p S Yoo e b 0L
Gbes 5o Celu V1 Sl bicudy s Ko s £ ealinal (g S

W35 B S 55 e glgn Il 4 YORYC

reJL«il\V ojjal\\ﬂﬁ\'bﬁ*i_’b‘:flué._é MUALA}.}

3,00 sl 5 AKLLST skl o slaasS
N gou sy 53 [Y-V] 0T mleo 53 glaed s eslitul
aer o Lo B 5 aBl arws 550 Ol Suy e
$U Ol 35d 0 b O 51 pbals (ede glaws,
Lload Ll Shy3 SU 4 alaly 55 gl a8 b g5 5SS
s Wl 0Ll (S lakis) (polad 55 (3L sl 18 &S
35 4 paves G Sy clew 0@ O3 66 Ol opl s .S
K) gﬁ‘éjﬁ ‘u";JG'\"b ‘&ngs‘q MQL_»\D}«G? Mbjbé}i
osls yolaitl 595 4 |, o NC POt eIy M2
Jil.'a ,;ls sl C.J\g)\.: oﬁ.s' e.:;}ﬂ Ja‘J.J| 2 alis U‘l‘ K |
sl gy dhexr 51 GSUS iy, b St
2 e LAy (NP s (eedsae (bt
AP eslial 3550 0 E L 2w sl p AU Gl Bas 9 g (oo
Ll oo 1 30 oo i Ol cnl 03 AV ] sl a3 B
osbe ¢F PR o odiS Ll osble &S gl aS syl plend
S g5 lls B 15 eslimal 3,50 oS gleaus il
ssea alend Ll ) 58 eSa s opl 02 [A] ASLie b5
Gl slaobas 5 el 5 Cd B I 5 a5 )50 0,8 LS
5 Sl (3 Il mis 5 b eIkl ol 3 6L
b b S 10 4 2,00 8 ol o D351 40 4y O o
Bkl 1o g CIL3L Lla & ol Gaa Gl
Cogp 5 oap b aalsl s U sd Jeole el AL
o SIL5L Al p Fas ol 5 (K slalil g5l
Ao ool b Bl a4 0 4 gy p ST

by 595 9 g0
ARG plde 55 g0 adlas S G ()l
sLol&ilosl 51 edd (srslper LR $9s 2 S Sl
3 G ol e eslinal 3,50 slse .l 45 el 3
boga Jsa pr b (PVP) Osudym Jos b e
3 Ked A3 YO SLgal 5 o3 YV pdle b Jgdous (YAN L
3 Jeol by IS 08 abilem Lidss S 4 OLT S 0 oS 5
5ol Kbl 51 heass 5 S dsb s pee Sl
dolows o L3 5 (5550 pen wpm Kbl 5 AL
dod d A Vo 0T @ aS 59 2d V0 55d 5 0 GJ,I@;,
Olea js ol Y8 Sdeny g o w3l N g 0/) S0 08
Glo (o 1S 5l eslinl b Jeols Slgw, ks S b, J-

Y] JJ\’ Cgmy A a:‘:wﬁhﬂ')\”: uib} R %

yav


http://feyz.kaums.ac.ir/article-1-1952-en.html

[ Downloaded from feyz.kaums.ac.ir on 2026-02-20 ]

bl WA 0, & Jahos )3 Osdssm Joush Ss Al
Aas o DL b3l 55 m Tl 53 O samdly b o 5 3 S
25 G5, L5k el Glar B0 bl s
b slg s Sz db s Ko S alrels PVP
ol 5SS b A iy oS polle e 4 O gy
S Con 3l Oliebl sl (Gl o5 3l DL JK5) &S 0
=85903 5 S9N Sy S 2l O gemdly b 5l ol
s Oada g ok SLE g ssem 0 Jeol Sl)3 SU sl
2ok 5l Jols mls (5 ¥ oled gl JSK8) el s
AT Gl S5 3 e ol G CBIS Gl (g 5wy S
I CCIRC RS RIS PN PO PR PRI L
5950 JUS &5 480k Ll 0l aals LI Of 5 o Fsla
oS Il g 53 Ol,5 o5l BIF 9 ol b g o3l
0381 PVP s 53 &5 ol Jbm 53 iyl 5 ol S PVP
s cul PVP [ pis 55 5 ek 03 28 \-00NmM o 5
SLalssuS oo o it b s S 0-VA IM 4
E-) (e ¢ 5 slbibul gl S Jold 5L g5 4w o3
8554 S 5 (S.aureus ATCC 29213) e ¢ £ (coli
WS I eop 2s50 b ps 5l (Abaumanil) wl e
pslie A5 esls 13 O3 U1 cilise slacdale b ules 55
0 5 Sate p £ 5kl 5 5SL 53 p gl edal sy MIC
055% &lp MIC jlaie oK) (el sy 00PPM 4l 5 o
YO PPM ,ldis 5 59 S ldde opl 3 Albaumanii asl ig>

— oSl gy 5 oSl Ssl o ESL Ggai 53

el s

110 420

100 415

90 410
£ E
£ s 405 S
>
= ]
z E
g 400 =

‘\\ -
60 wr 395
50 390

0.0 0.20 040 0.60 0.80 1.00

C s/ mol L

Pl s 53 Sy gl Sbigel clale 36 ) ol S
Oyodly i 5 Aipax) dor o S 750 J5b 5 PWHM)

‘EIE'; Q\JJ ).le

\R}3

o8 sl 53 Al g dglousli 0 B NS S &S Ll

4 0sd Jo Aol Wlewy cpl ol p5Y 6 8 O3 Sl g
Chle 48 bul 1 oS s B eslital S gl Jgloue 31 ghine ol
A1y 2 NS SE y Jsks PH 2138 G b 51 SLgl
A 8k Fae 5508 O3 BU e 633k Mg b
Sigel Sl (5latings ) shitens 558 (55lwtingy OF Sl
5 e glackls s edd e o3 g6 UV-Vis Cib
o 4 ol Jgo S 5 Y50 ) B /N egdme 55 Sl
e cib (Gl il esls LIS JSS) s anlllas Yl 4 S
Sy sl b gl e dob s patte Sy dakises
S b 2 SLigel chle 30 aas e 0L el 40 b Ve
) o2 S 0 Job i s PWHM) plis ;) Cioai s
- edalin &S &S0k il 0l eals OLE Y ojled K3 o
T dsb 5 S sl Ve VU Sl B LI sl
AL polie 55 Js5 g Lralr feS ol G 4 ey SLo
s I s g e sdalie Rl gl g3 s (SLisl
4 bl sy g MEs Olsea Sbigl 51 Ve 0V
A S S Nl ms s S S el b g1
5 03l 3 0,8 4 ol ClilE s sls Ol adyl Slsbel
35 05 S5 G Ogemdl b syl ool LB Slyb g lub
oot IS5 235 IE sp 3,50 Y BN Jge Sl 0gima
Ans o OLE |y iy ol 5l Jeols s gous g ib Y
mib 4 by oSl zae dob g gl a3 Sy sle
oS 4 80ks sl odd o3y OLE ¥ ojled IKE ja 5SS de gl
VO S o a cpdlap (Jon comd I3 L 355 00 sdalia
Shb e ol e Sl zae db ¥ e cod Uy S b
A s o Ol Sl melyl s YL Jee gacans s
03Ul 35550 U gy dals] (g1 Ay e Olgietr ¥ J g0 S
SR SN ST RTLH Y SN g W VY PRRPSRSVRON PP TRLIE JK S
Jsloee Oseadly ib b S0 8 4 b B 51 e J s sla
oy s sl S Ddeay il Ol s 68 O3 L
o 93 45 313 OLES 33 s o) ) Jool i 23 8 13
T I 55 plralr aeS L O SU oL Y Jse
Sed o 53 Ll Camsy Ky gl ia sl oS
S S P sliten oS Sl Jalge gl SId SU ol
Slils Sy Sd M5 s Sr S S sl 5 Oder o
Slged 090y m Juadh 3 mop ol 03 el o5 ool
Y ke Gl akte ol 4 AS eslitul e Al e s oS LIl

\y eJLaJ'nl\V a)}bl\‘“\\'ljﬁjéﬁé} .>|.:J.a|u.é.:5 M\Je\»}b


http://feyz.kaums.ac.ir/article-1-1952-en.html

[ Downloaded from feyz.kaums.ac.ir on 2026-02-20 ]

v A& b3l ladiloms 31 o5 Il Jglows

Q\)Jﬁb)‘.}fu{ﬁjﬁ] yﬁjﬁﬁ}‘aj(;ﬂj\i o)L«.;Jg.i
Y IS e m /ol b GV se Y SLisel thayl (gt 0 E
e Slole G 5l O s b L

20

15 A

Number %

10

10 100
size /Aam

B Rt RSP PR RM P S P RN U R S U

o
U pbasd sbl s, o ol 0L andllas ol slaasil
ma O Jeus s s oSl Jole Ol gear ol 51 sl
S35k glwl) 55 40 @ 09 A0 g o3l (B, oSl Ol e
RSP RO P O Y I AL sldilams 51 o &
Il b 51,3 4 pbows jalawa sl OLE b L g5l
g3 dsbe 5B 53 YL oIl 5 oS O3 Il w5 g (S5 S
N dSeE bages Jo ln 3L s Sisel chile el
Lz pp g @B Y LIS B 4 b p Jae ol 5 SV
e g 02 g 5l o E $U Jgloe PVP siis il ols s
Ao 3 N i S s o0 s halin sbe g5 3l A g O3
3 5SS sl b G55 S e e eSS S5
o azilr cl S5 4 oY pd e eSO Nl a5
wils sy adgl Jglowe 5o YemM izl gackle )3 w S
Sl (G252 0 XS HIAL Ol e Dby s by s A3
D)3k 3 ey SISy 4 D55 gL kS ILL Ol s
@B GlFer dshe 8 s sk RS O
Py S gl 5 Lagd gl Osendly b fol>
s 5 g dh o shiien Ol &S ols OLE IS s S

SN D3 $U 3,0 3 5l SUes e Dlides 4 by s sl

Y oJ\.m:rl\V U,;|\\“\Y|,‘,.1A.:, .>|.>Jc|u.b.§ MUeLﬁJ.}

0.8
0.6
8
5
g 0.4
2
<
02
0.0 r '
330 430 530
Wavelength / nm

@j%ﬁkﬁﬁdhﬁ&f@m&ﬁu—dl* a)l.o.«iJg.:
Sbisel 51 Va0tV e 53 0, 50 O senedly
.Y’/'(V cY/O (-\ cY/' (0 c\/o (f. c\/' (Y“ /0 (" c'/\ (\

90 ——7 415

80 -

70 4

PWHM / nim
Amax / nm

60 -

50 385
02 07 12 17 23 27

Formalin/ AgCl mole ratio

Sl 2 S o8 4 ol Jom S BB O 0 led IS
'/Vw)subﬁ;bcydjbjtm)‘u@)éﬁﬁ
5‘:3}*’1)")‘9}‘

};L)\)‘u\fd}ﬂ\g)&}f{:ﬂﬁﬂj—;ﬂlv AJL&‘;J&;
o /ol N e oV SU el ym Tl gt 0,8 &l 3

e Slole G 5l O Jses b sl Y IS

10 100
size / nm

a5l gm0, 5L 3 61l &5 b - T les K5

Yo


http://feyz.kaums.ac.ir/article-1-1952-en.html

[ Downloaded from feyz.kaums.ac.ir on 2026-02-20 ]

6918 Sls as pl 3l e plosil LIS &Sl s osde i) ol
ST b S Do 1y o3k ST ) 015 o
03905 LT 5o gdhe U als slgii o35 00 sLael&iylojl 55 o
Gy 5ol g dhexr 5 L S5 P L 0L il
- b 5l CBlis g s Dbl 3 Camles 2K
53 ok sl gladileny L5k esle gla Bga 4 g 5 S

.:ﬁ J"»A’MJQ ob}}é‘ J’Bj) a‘qu_‘ '_:.Mb‘q_,fb_gf ‘5“"‘"“11)5

& S donis
0 23k bl L Ul e G ol gl el
S A ol Lo S AERLST S 4 5l
A5 s Jglowe oal 31 eslizad oS ol RO Ssle &
Al 31 e 0l Jll a5 b el O Ll

Syls ji Slades 4 5L J gl 5o

e'é)u\sgﬁ
r"l& emb gi.ﬂ:}}; C,J}bu J" Jlae U‘—‘ O\f.\.'«.ij

Haled o Sloyud y KI5 sdg g SO
References:

[1] Kirk-Othmer. Encyclopedia of Chemical
Technology. 4™ ed. Wiley-Interscience; 1998. p 165-
93.

[2] Miranzadeh M, Rabbani D, Naseri S, Nabizadeh
R, Mousavi G, Ghadami F. Removal of coliform
bacteria from contaminated water using nanosilver.
Feyz 2011;16(1): 31-5. [in Persian]

[3] Aktas S. Silver recovery from spent silver oxide
button cells. Hydrometallurgy 2010;104(1):106-11.
[4] Tang B, Yu G, Fang J, Shi T. Recovery of high-
puritysilver directly from dilute effluents by an
emulsion liquid membrane-crystallization process. J
Hazard Mater 2010; 177(1-3): 377-83.

[5] Koseoglu H, Kitis M. The recovery of silver from
mining wastewaters using hybrid cyanidation and
high-pressure membrane process. Miner Eng 2009;
22(5): 440-4.

[6] Zhouxiang H, Jianying W, Ma Z, Jifan H. A
method to recover silver from waste X-ray films with
spent fixing bath. Hydrometallurgy 2008; 92(3-4):
148-51.

[7] Pillai KC, Chung SJ, Moon IS. Studies on
electrochemical recovery of silver from simulated
waste water from Ag(I)/Ag(I) based mediated
electrochemical oxidation process. Chemosphere
2008; 73(9): 1505-11.

[8] Vaidyanathan R, Gopalram S, Kalishwaralal K,
Deepak V, Pandian S, Gurunathan S. Enhanced
silver nanoparticle synthesis by optimization of
nitrate  reductase  activity.  ColloidsSurf B
Biointerfaces 2010; 75(1): 335-41.

[9] Michna A, Adamczyk Z, Siwek B, Oéwieja M.

i\

bbm K) }]\5

[PV PR R PR PPN | SEUPRICH P SR PP
oy K SeS 4 5 Lged el b (sl xSo5l0l
o B Sy e S ols el UV-Vis jug 8 il
Sps 5 aS el esbe ppl 2L SL LSy g S LS ol
5 s Oloys 53 OF 5 35 mdd G y3 5 eap 425 3,5
el Sl V] i o 0 2132 sl (5,165
Golgty P bedd e D)5 gL sls DL Gaded opl 5 el
3 Sl elin 13 A8 Sl gl)s PVP Ol 5 > s
S s 8 ol 68 bl cpl 53 eduS ks
S 5 5,8 O3 U e 3,158 g el 3 6,8 3
QLYY Jle s lKes 5 Yonezawa bw g o a8 & 0S
0.4 S5 o3l b o,d Olyd SU e 4 Ghae Wl .ol slis
kS Sl Jole a3 08 Joul slaadls 51 sl
FU 2L SL S Sleogas M a5 Kdd A oS58
deagp 5 0B LA prmes g Lledsed s 1) Jols D)5
408 3Lk [IV] Loged 4 S plend S S 0B
saii SIF J 4 b aRLST kil 5108 5L ¢

Silver nanoparticle monolayers on poly (ethylene
imine) covered mica produced by colloidal self-
assembly. J Colloid Interface Sci 2010; 345(2): 187-
93.

[10] Yoksan R, Chirachanchai S. Silver nanoparticle-
loaded chitosan—starch based films: Fabrication and
evaluation of tensile, barrier and antimicrobial
properties Mater Sci Eng 2010; 30(6): 891-97.

[11] Moores A, Goettmann F. The plasmon band in
noble metal nanoparticles: an introduction to theory
and applications. New J Chem 2006; 30: 1121-32.
[12] Clinical and Laboratory Standards Institute,
Methods for dilution antimicrobial susceptibility tests
for bacteria that grow aerobically. Approved standard
M7-A7.2009; 26(2).

[13]Sotiriou GA, Pratsinis SE. Antibacterial activity
of nanosilver ions and particles. Environ Sci
Technol 2010; 44(14): 5649-54.

[14] Kvitek L, Panacek A, Prucek R, Soukupova J,
Vanickova M, Kolar M, Zboril R. Antibacterial
activity and toxicity of silver — nanosilver versus
ionic silver. J Phys Conf Ser 2011; 304: 012029.

[15] Sotiriou GA, PratsinisSE. Antibacterial Activity
of Nanosilver Ions and Particles. Environ Sci
Technol 2010; 44(14): 5649-54.

[16] Wasif Al, Laga SK. Use of nano silver as an
antimicrobial agent for cotton. AUTEX Res J 2009;
9(1): 5-13

[17] Yonezawa T, Genda H, Koumoto K. Cationic
Silver Nanoparticles Dispersed in Water Prepared
from Insoluble Salts. Chem Lett 2003; 32(2): 194-5.

\y eJLaJ'nl\V a)}bl\‘“\\'ljﬁjéﬁé} .>|.:J.a|u.é.:5 M\Je\»}b


http://feyz.kaums.ac.ir/article-1-1952-en.html
http://www.tcpdf.org

