DOI: http://dx.doi.org/10.22092/ijwpr.2015.105611

(\Y40) NPP-VVA wmio ) sled Y W
ST b ao Wwlwl ™ wdgd 53 0,48 ¢l & 9yl

"olal o) 5 ol S s deslend [ 51 sl L RAPRVRSC g PR
ol b ilie 5 (35508 o ke o8l B2 5 as o at ) el IS i pal 20l (J st ki 5 -8
omidyazdani29@yahoo.com : s 5 SII G
ol b a5 (5355LaS ke o8l WS 5 Camr pmaign 555 baland =Y
8 550 g el 5 (g At ol B 5 ke 5 (65l pige 05 8 sl Y
ol Sladss ook anly Ol ST s &ails s 85 olaie angal 2ils =¥

AR RUE RN é‘)\: AWWAY sanl sl s @.)\5
ouuS>

b Sosban S e 2l Slp L ol 0SB Jelaa 5 ilise sbadama 5l 53 as 0558 b s WS

5 Somie sla)lan ool Jolse o5 a8 e 5 o tage 5 S0 0l 1 3l LSl s ol ale Sl
O3 U S eslial Uy ulSal 3208 55 S 6 8L ad sy aomlin LIS, s 0ios onl 5l Gad el anals 5o S
s OUJL a8l Bl s S oul sl il o G558 daal b S L s 1agS S 5 8L ad eole plgieay o i
Ll 2 L 358 505580 ol dom 5 4 1 PH 5T/ (St o0 5 YOS Gy ams b S Lo 6 2 55,
B T i (S8lS al o8 b soss < /Y ol slmn d ol o Vo 5 VO B0 YO Gy olia Lo 5b) Lasuie
D R e P W LSy I S S JCI NS PP SOV JDTES IR 4 B WIS 1N v L P B B W PR
23 S el UV-Vis g em il b miwcinb 2, 51 38 a6 8U so s sobieds a4 55 S0) Sy Se
0B $ G e ol LRl 3Ll e s a5 18 b5l e reslie 5 5 sla S i 5 il b s
Losls s ol (S50 om O3] 30 53 el sds analS i, )y Ll Sle o aalS K, Al sl slie ol e
5 Gos siaslie glapysas els 4 e s bl cal wsly ) 88 St wo Dlosad o8 5L i O e
o A Dl Slstea o8 U ) YO PPM G e ol ey 5 oolasl Gaaia 3 5 b s 555 S5 slam

o8 S5 U s 8L as S i30S LSl S 1S sla 3
o) bl (Ziai Bigdeli, 2011) 5,5 s 5l 3 eslizu doddo

Mz Sl e o Cnas sy 5 Yol S5 s ol Vel SanY s WSl o35l
b Sy ol Al o aaa | ol tlag sy Jilie ol 5 aan o Ly 5 el snd Lo,



\ PV

bl 5 aiS o ssen ) 053 A2 e iS5 5kl
L S C)\-é- d\—hpe.jj 9 Py 8}3\ 5 Mol g0 Ninte
Ay Gl o iy Lon o S 5S ldl il S o a5
(Warren et al., 2001) a8 s Iy o slie bS5 g 51
e Jd Ol olan oy Jale ISl 6 8L
g Jie oSl 22l gbws G b 5l 2l o0
A Fo e 9 oAl 039 3l o 409,55 3l e 6 SL
Ll 58U ol 51 (26 o a8 o e 038 531 5 S
A8 e Sl ) Jlgmal 5 oS laass 5 55 1) 02,
Jalse Ll 31 g8 J 5550 5 (Warren et al., 2001)
sa Lol 5 olgiy oSl WSl o b ol i ley
3 s AU &S bl s S 5l asli ahas ) s
23 olaan Jy cal aazlsy (Al 5 (S5 ol a8
3 oS op iy oSl ‘[,S ool 5oL e L oWsls

59555 9l ol ol ,o (Zarei et al.,, 2009)s 1
SN aslan 3 S s 5 05ske sl s o, S50,
o) 3 S5 a8 ol ol o Il S el 3 b
S aiad o @ Al L olS 5 508 by s olse 5L wlse
5 B o (2L SL s oles Gl o8 o3
M Sl 5 0355 o rized il ph s 92
o e oy e LT Sl ealinad U s ol
slpe el 51 S lade 559 31 L aSs ) sbay oo S sl (6 S
O3 ol 3ol ol Sl 4 s 0 gy o
. Kermanshahi, 2008) s, cus Cla“ dlg 55 6 el
58 5 ol 0850 Sl el sty Sliios silas
03 oy VL HIV g s i g oo adlis sla s :SL
G=_b 5l e i s ol,3 (Green and Arango, 2007) ¢l
(el Sn Jroad 55 5 e i 5 it Slaely
s (Kelasen, 2000) &5 e 58\ b5 oy 5l el
90,8 55 A5 IS Joloe 31 (Y4 o ¥) L\ 5 lee adlllas
Al 5 oyl b a0l oy e Shas, JS o,
Y=Y o3l ag o 8 O3 e, ol o as eolaad lag
AL s ade polg g Y Y N Gl b gl
A9/89 o e Lo o g0 55 S8 an il 5 S Skl

) w\.«.ﬁ:“"\ Jv\"u‘j‘ )&\53 =y r}k— Olidss aldas

s el o sbay elSl sas ol ale Sl
(Pinner et al., ceuils o il s S &y 4 AL 15 o)
iy oy 1y salazsl Jbs 50,8 0l ol ) 551996)

Sla Sl i S ol o codls WSl Sl g
L S 0,88 olew ole 2 i slS (5 80 4 o)
& S5 SWlae a2l (Etemadi, 1979) s o5l |,k
Olidos ) (S 55 el s el ol ol 3 2,50 2l 5o
i S5l o)l Gl Sl gl 5l ss ¥ sas culs
23531 a0 8 s 8L 4 20 OF 5 e o 5 (5 5L
iy 0351 ) Sl elSd do s Ve v iy len sy
e cpen (Shojage, 2007) sa gloss, s S
W 5 S ) ol D2 ole i (s Sl (o s
55 55 5 8 S Sl oas ol s g 55 2S5, 5b 4
(Ghenaat et asles s 1365l Julse 5 55 ¢l & o341
6oy Slidos 3500 ol 5o 3 ) euS e s al., 2007)
534S wals 5las LS ol 528 50 Sl ol st 2l
sa£lS gla WSl uo s FY 5 Lassw u sy \Y
L el 5 Cto rjf oSS hdlanl (g S\ “”\“26)3—"@".’
(Abrams and Waterman, )05 55y s oS IS
Pl QLT 5 o 5928 50 &S Sl b izan 1972)
S35 535 Dae Loy e 5l (ks &S 3 B ol 0
i Sl Gy e olse 5l s asle e 3L b S
390 50 48 gl b imen (Zhang,1984) LS .
AS o ool gl s ool e 58 50 LSl So
(Dars and  soles J1 gloss, 6,8k & b oSl s 55 £0
5 Mt il 68U 53 5525 4 42 5 | hassan, 2005)
(Zareietal.,, Sl iels 5o ussysl wsSS kol
350 53 o2t 8 9 cnl 5l 58 gades cn) 52 2009)
e 5858 bl ol sa sl (555 slao905)
it Yy ane 4 md e 085655 slade
st b Sl e s JSCes o5l 4y 4 bl
o) A Sl Splse b5l 5 oS e aiy bl
= 5 38 e bl o SUS (Sl 2 e g S
o 2 NS (53 L5 (g (e Ay e



....\,5_,3)::)3‘,5[;:,1}5

DL "\_;\fgfo ;b.)‘.) )‘JB IR S0 w\.lg..u\ .:\.é\SJ.) &\JJ«S\.I
b Glacalioe 5l 5 e 5 4 amie 355 5

Al ls ) 9

b9 9 Slgo

sl ) 4y GUal SHlG 8 s solenslal I,
NCCH I W PR PP UGN W SRV
sp-+ + s luskenl Ly gl o5k @K@.L‘*}T 251 b
a s an ARGT KV densa G aslins] Ty
sy S o5l aes sasle, VYOSR spam 4yl iy,
DM 4 50,0 deSy Sl eolinad b S5 oai (g4l 3
S 5 a0 00 chle b ws Sas (5 a0 F/0
Ve cble U s Slas (s A V/0 e 4 i
aids VY ooy oV spus GLPH s 50 o)
@&@.\A}T wa-d\a s S8\, obl s s dj.uii)
3o s oad e, YEOSR 4 s Llg g, 4n 0
(= 03 90e 53 PH Y/ s ol S Sy ol
o 5o Lol ol 4 el anl S L se,s b
ppm cble b e gl 00 l,3 Lo sre o3l b solizal 5 5 50
il iyt sS85l s, lost S, 4 P
L el S b iman s S s o) 528
e Farinret K325 (¢, o | awge S8l L L
e ealzad 0,0 S ol e 4 Degussa &S
353 5k o) s JS b sntens b 455 VO e 4 Jols
JL-?U..UMQ;-&@W@‘)QT&MJJMJ
S U oilas ol 5 el LS & e oS IS
Vel U el il b8 LY sl oWl e,
YO ol e a8l s S 3y el 5 a0
JESVESPURN G- W - N PRI DRI 7 o B
SO 5269/i:1999 51kl s Lgl 51 5 45 § w2
abg o saabog] ol de 5 4@ Sl LIS
oA o, 4 Cueglia) gtaglie L)l o550 S 5l

1- Cationic polyacrylamid

\EA

53 (Y+\Y) Mohamadi .o ¢ SU zals Co ge b s
ol Blas o5 $U gy 9o 51 3 (3 S (6 8L Ao 55
e c\—u 3 S el Jby Se &0 40,8 5L
YO ppm chw oo U L end s cdelS &S cuzls
PRI SN USA L WP USSR CHN P\ RTY EvI (R U U R
55 ol ans a8 el 5 sl U g5
A S 8L as Cuols Glas s i 5L S el
o als a6 MLt 2l g 8L s 5 atiy B2
L 680 sy cdl g 70Y sgaa s eshels 5550 o
S5 50 gy Ly ol ol gy 1 cpimead s 228
e Il SOLSG 5 S b S B e i
A e 25 e 0B O3 SU S sbay 2als (gl
e 53 S s 53 1S s 68wt cpols sl
ladis e ol s A28 SOLS 5 (s o S
G e polie leslial § (Y VF) Narchin oS o sl
o W5 50 Lol s es Od g eSOl
s Jalse S als oLz Ul gl 5 s S solinal (s 58\
dity LS 3,50 53 glie s Sdee szl 3 50 5 Sk
PP PRI R S S ROy S S S
am Cmeslis 5 (SHL Ay sl dhansl e slin sla, 56
oS 5 Binesh .z sanl s zal S5 elS Su_S5

Dl aSas S ol 8 5 ass S ey 1 Lo i
5 Sl Jdo e slas S oSS el Lo 5 o5 S
u\)JyL_a)o.,\.w M\SDJm u\))ybj\ D)Lﬂ‘u‘u\j\).} Da,kf
5o sl s as bl S 85 o Sl & e
YW me dba 00 A
JH}\_EML_}ED&A‘AM r\ou\ Sllze LS“)Jfo‘L
s b ) als e 581 i len 5l ool S
(Pinneretal., ) %o Jame GolSl dassl ol o bzl |
I8 0,8 68 0o 5,50 5o s (580 I 1996
(AL as sla S Jed 5 ool s w0 5L
ad Jale lsan s leme b 850 5 0355 o



V44

eoedsb 53 JENWAY 6300 Jan o il § g
s ol 5 ol slaesls s g, Se5lal e gl £Y-
ol e sz p oS sl o S Lo L s 4 bsy o
ol s oals amlgn (g Q)},\S@La sl 5855
s 328 5 an i b Sk as, o ol ol Sl
Ao yad) ol azils 6 s 6 Sk A ol sas
Pl Dl S5 an b sl 3 4 68U 50 sl 6 8L

sl g b

Mol 5 51 e el 53 eslisad 3550 LT £ b
W2l sl Sis 4lS L) 5 Jols el 5 eas Bola
4325 o9ed) ol Cilase lasles 5 sad 4 Sl
ISl aglin 1y 5 28 815 s 3550 il
SPSS I35l 5 51 s sdUT S (gl solized Sl ¢y 5051
Ayt ol sty IS s S5, 5l Jols @\“ P
3 3 WlS S b B s o556 o505
12 55 St s 2

975N g5y Sy 9lad
YO o o5k oS sy S oV JS2
LS 515 (0) 05 56 b sl eIl s
oo JL\_QA C""‘“\J Conns .;\.é—\S)J AS.,\E.J@ QL‘J (J\) .\b\.w
s sl aal oS T/ dan e 5l o
S D13 g0 o el Cone 9o 3 el s 4B S
4S5 S sanlan sas Sl BU VY 531,68 5L K,
S oS3l e gl 00 590 RCEHWY] c:\.u sl \@T slayl

ol 8

LS g5 Sleo pa>
O 3 en 8o Y sl Jpaa b s il 4525 el
S osle el joam jo o8 Sl L)l 51 aS sl

) w\.«.ﬁ:“"\ Jv\"u‘j‘ )&\53 =y r}k— Olidss aldas

ot itS Eaglie e le ISO 1974 5 ke Ll
sl Golied o pat b a4y Caslia 5 1SO 2493 oL

syl Gl 1 slecs $ )5 (6,5 5 1SO 5626
ISO s lwliud ol 1 25, sDin 53146, tappi 519
Ao S| s sk a5 15 U5, 5, 5 RAST
S 3 Sl eas bl gbielS 550 5 56 o o SL
5 (Ecoli) ATCC: 25922 itap, S Sl 4l
(Saureus) ATCC: e o5 o sSl L sSsS shdle
sl 5l s S g3 35 o= o a5 S esline) 27853
Lo st 4 bl Ol g 0 O\ S b e
Biolife c.S,2 cslw s BHIB g5 5l 3 b yae cuiS
e S eSS 5 oS (o) s 8515 eslinl 5 e
o S cizan a o3zl ST 5 S Lo
5ol i 2l s Bl phe s 508 5U et 029

A ool olg 4 0 sly 2lo) Kzl o S A
s 51328 mha 5 ol a1 o8l el 5o
ot osliad s 5 52S KYKY S 5 cx\l EM3200
Koz Gl e i 3l Glamio o) b ga
Lyl o oo 5L 5, e sliie 4 (lusb ) Gl Gl e
S sl e Calies 4 gla¥ Lol 5lam 5 a3 3150
Sl g 5o 5 sai sl g (Ade (OB ¢ Dy i
i 8 ) ol 53 s

Lo o5l ui’u..\-‘ﬂ Sad (i 58 orﬂ sl
Gy A5 o (S S5l 5 g ond sl U 51 o8 i
S 05 S et sles g ol Hles AL wsa 5 0as
Ol s o a8 Ladf 4550 8 +/+0
Sop 4 Y 0 e 4 Jeens Shoslinal b oas 385 5 8L
sy ) o elie Jal 5 sl gl it 6L ) 3)
DU St Ko J5 53 B lgime sladd dags Sk
YY 5l am g eai eals )l 3YVC gles 5 \Ferpm ce e b
S ealaal L Laad 55 350 50 S Jame &5 508 sl

1 - Brain Heart Infusion Broth



...#j)bb;ﬁjbéﬂ)g

el (e ls, me e el s 440 Al

e 30 A2 elde o ghas el , Sl ,—>b~\3)\-’-4<3

2.50 KX

20 KV 2.50 KX 10 um KYKY-EM3200 SN.O

c,&'d)‘JS‘,JUL;e.\..iL;JL:\.?JLgdl.;\(g‘a.\...fd6J|;\§JL1d@\(;ﬁ‘:@;;ﬁ‘yﬂ;ﬂyﬂ)w—\ JKe

0l Hles LIS eslie 5 o) sla, B bl a5 Ui

sl s F Slay uﬁ*l@ b3l 4z Slay 0 ¢ goo 2l

% A YAV \WV/ V¥ ¥ OFA/YAQ 055 o Sb
\E/YEY \0 YEO/\EN 55,5 O

st /oY YAA/ - £¥ ¢ V\OY/\VA 055 om S
Ys/\ve \0 vay/ AV 55,5 008

5/¥v4 /¥\0 ¥ /NS 238 o S canslie
] opy \0 /0¥ 038 035

sk \o/AYE \YY/5Y ¥ fa./FAY 055 o Sk Jsb
V/¥A4 \0 RLVARL! 55,5 008

¥YY/\AO 0Vava/00 ¥ Y.VaVA/Y 055 o U & o slio
\EN/ PPy \0 YeY. 55,5 008 O

A_é‘bj_fjﬂ @L‘ Ol e J,J,LSASLQ)}:A{ sl L;)\.:szm

)vw\a@ojaay\ar\u.uu.u\“ L'o.,\...ﬁ

S
s mime LS 5l s pe5l ol ) Jols e

D}Jj 93 55 s Q}aﬂ L_Sw\‘:d.b); Gb ol s i Ol )5

740 ch...v): SIS Sttt

b
o H el ilsl U gl Yoo les Ko b
Vool Joda @ldas ol ails o5 LB 2l 58!
Sl ine il 53 5l e 8 Sl ose5] ) Jols s
ot O UL sas [l WSl seies s s
S aS sl ol 5l e 55 Guilsls 4520 el o)l
o~ AJ._S)\J.QKI SS anle g,u\.: Dl )d AJZ.S }JLJ u.:g\;\
sl ¢yl 740 ol C“:—“ 2 ael8 sl ol



VA

i ot Slag RS (g o ep S 5 b JelS

Aol oo 0,8 $U ol e O e

Vooled PVl ol S 5 O e Sl aslias

s ol e 5 bl s s s ganaib
a,u)\,sﬁ; SaS el Q\J’.,a BER R y‘\;‘ oole u“‘f”\ j\ Y
sl gLl 740 b CLLW 23 =) Ol

‘*fj’ﬁfuuﬁjb\)?‘dﬁj‘% 66)3L@.¢w\§)\56w

a
[ b ag/ay
b ar/ry 30/e
4o 4./vq
4.
5 b
e AY
=3 N
Yo
Y%
asls Yo Q-
(ppm) & & Gl
Sl B ey 0,5 s U il yalis 5l aslizad gl —¥ U
d
Ve
AF/%4 a
4. YA/aY b b b
A v-/vs SA/vY
V.
-~ Fr
= ¥,
¥
Y.
\.
aals
(ppm) 5 i
a
Té} s 4/vy ab be
:1 e LAY 4/
3
O VAP A/ AR
_2‘" ; A/ VT‘
My ASA-
:u‘n A
£
E YA
- sals

(ppm) ¢ & U

PSSl B2 s oLl & Coslie pasls o8 S 68Tl a esle Gl slaas s il - IS



e M7 008 5L sl VY

ay Coaslie S0 5] Cidime sl leg o &S 550 o) 3l ML Swglie Sluo guas
352 Sl sime BVl 4055 40 slazsl plaw s Sl Sk & cwslis
O e 4 b gy e u-f)\* 4 Caaglie ol e cp aS andl o)l s 3 o8 S ol Gl B LY S b slas

anl St Gl ol VL s el o Ve O ESUPAVIER A P CR Y I P I /7 GRS L T

] 0392 o a0 SShs O,AJ'\&L.CM\ wl S SoL
CnlSs bl 4 s ias ganail 05 S Ll

d
Fa Fr[F.
rarr

F
.3 ra rY[F¥
3, Ihe Yasav
4 .
-y
3 va
e
\1 ¥
) 1a
=
£ Ve
2

&

(PPM) o & gils
Sl BB 28 4 canslie pasle o8 5L oS s ele btz baas s Ll - 0 ISs

d
ran 14
Foau b
3 Yo YY¥®
3 Yo C
¥ YFA
o \r-E
3 d
1_! 4 vV
: (]
e
& Y¥
. [
aald Ya & va AR

(PPM) o, i

Sl B sl ay sl o8 56 L A oole it sbias s sl -5 JSs



VY

Al oo B

O30 4y S slie

58 omoly a5 c\-v GRS S v
bt h el aons L $U a3l L aS sl o
b Ceslie B 4 Cilise b, S S aal
SNs | ueso s 40 slaxel CL_‘“ o aslas qua b
C,.Aj\.’é.a R e ASd):u'A.g .a}.&@ oo Lie 6)\a@~
.x.u\..u.a o i 5l r\@ e Ve Lo Hles el 4

\ o)\.«.ﬁ‘r\ Alaﬁu‘j\ AL\S}UP r_,kr— Olidss aldas

S gy Cuslie a3l
o 5L Gl S el paia O St L ol
TRNCIP PP VY (Y P I PG L PR S
Saos S b ol wals w g S 22
C’L"’ s ganaib w; 950 byl (SOl Cu-‘ﬂ
U Bl b aS cul o) 51 eS8 sty a5
slasles Al d= Sk s oo e s ol
slazel o s S 4 Coglie Lasla L 51 il
aSoban )l sy ol gae BNl us 5 10
e w by e miS 4 caglie asle ol opti
tlam im Voo sl eslinad by e ol o meS 5 sals

S.aureus

o S oS sudlin) wals (el 5 0,850 L sus s sbislS Ax LS[L@J‘&_?J‘}.!) Sos %j&}&xﬁ—v Ja
S 2 s 50 st 5 IS 21 s i s it 850 okt



....\f’j)bbﬁjuéj)&

5335 5050
aeslin 5 g Sl 6l s b2, 5 S
L 5508 e S eIl (S5 e s oses]
Y YEC NN LGN W P VR el cus
ol oS Lo &)508 ol g3 YU sl e
o) o ol 5 b L w5l sl 4 218
o a5 o SL oSS a8 ds o
A JSes 5 aS b olan sl e 228 L SL
Ol 3 sl plaea &S e cal et
e smeme 28 0 S ol e Gl 81 G Sk as
2 o8 50 OlS 5 o LS sams glis 45wl
Slacmns WSl iels o5 S 6 8L as 5,5

V¥

QLW S0 5elam (yge )]
ALl o S See (o n

o503l GBI ) 5 sy S sl VS
Q\_«Jb ng'fS\a.C)))\_‘{u)éw\_é\q- Q&Si;?u)beu
23 A pas adls 50 e sanlis S 5855k B o
r‘L$_’ - oo O\J'_.A \_3 8 Il )\_ﬁ;u Lg\.b.&_é-\s J\J_L\
Ll siz 5y i e g o SL s saSe )
Slosgd Gblie 5 e a by o pslar 5565 bl
o=l aS e Sae, 8l dob b o 8L s o ol
Sl SIS L 8L so caols Sl oo
S 3 gme 0 dd aS Sl 5 el sas sl

el i 5K e S e iy Caslie s 4 Sl
.(V CJS.“') CM.H‘DQ;M) .:\.é-\s
|
3
2
1)
\:] H S.aureus WE.coli
o
I
[=1]
E e T Jsve B pwe  olvor Lives ofvo
X0 0. vo N

(ppm) » 5 iU

3 Jolo WSl SES (55l pole S Lo (5,05 ol mn S i —A JS

bﬁ@‘)&jb)@)égﬂ@dujw

D)0l o 0 aa b 555 s L L K
.(Hamzeh and Rostampour, 2008) .»J_fu_a Sl
o b Gl ol VL Y ke S8 | gl
by ol S 5o b U ppm Sl el
S i e 4 glo Ll andl sl e aals 328
o 8 O gL s cle w slecws LelSll 28
Narchin i slaasl b mls ool .ol o35 (sl 58

B eslie 5 6,5 Olo sa>
Sl sl s ols cbisls e Crols S s
ol s, 586 5l S ol 1 ol ol e 45 sl
SLe 6oy = S, Lol (Scatt, 1940) s 5 ks s
S ) Sl ke dwsay 45 Goghe s s

3 Sl Sloie ol o Sl pi e 550 K



\VO

5o 5 5558l L SOU 4 cuslie (2alS 5550 5
by S a4 caslia b (Sos 5 bl ‘;JL Jsb
0 JS_z 55 .(Ghafari et al., 2011) szl . 135 5
Ol ol 3 U iS4 caplie jasle oalS Wy,
ol LS sl e ul 4 Wlg g gL 51 eolad
oalS cel p e SO —OUl us e o 8 U
Ol e &‘Q@}S\Q‘JQ;@ S ay Conglie Ly gaanres
3t s OUI b 5 oS el b8 L 5l ol
ietS Ca gl a8 es 5 ol Sl LulSll 2
&1 cu omzad 0 Cd 0,8 $U Ll Bl 4 olg e |
ol =L baels sl ml sl 5l el Y IS 5o i
Nl e S Sle &S LUl 5laasls o850 G e ol
oslaze 5 059 s SUI oy dpm LS ol LzalS
(W cu o=l Gl Al S o aS a culis o
o it Sule ud s b bl 5o by slaasl
Syl il o556\ 50 5 O3 HU ) ealaead b g xSL
s 4 S ay Coplie L2alS Se saioly Gadss s
Cme) ou ools LL&)\ U 90 }JLJ pes ‘5:\.:).:‘5.4
Ol e Jo=8 L6 zal§ 4 4x 5 L(Imani et al., 2011)
Mg A ey e 4 iS4 Caplie sl
2L YO ppM SoL 4 cuslie b 5l e s 65U G e
uﬁ\}_‘> R 0 )\ ég L;J)}}\J A A_M}LQA
BEl L;.))):-L 45@\.&\:- PLIE) w\ .3.&«\5 S L.S'i“;&‘
Olalg sl 5 Sl delS Ul 5pn 0 sly) 28
3 S i) ol 4S8 and s cpl 4y (S, sa b
Cmal g Jsb i 5 i G S s ks
abioMe 5 S0 i s aS a5 Sl L(Scatt, 1940)
o=l an caslie o8 Pl OB e il B3I L 5ss e
i cmaslie a8 Lol 5l acal wals i game ialS

) w\.«.ﬁ:“"\ Jv\"u‘j‘ )&\53 =y r}k— Olidss aldas

s Ly sl 55 aS(Y-\Y) Mohamadi , (Y-\¥)
iy el o 56 dew sy smiliag 1S s S 6 S
sl calls
3 Sl s S o ealal 5550 08 5L
solaal U s cman 4 .cud o3 sy (sl osed K

sy Sl o ay B S0, Limb o1 )
o8 50 iy ealina gyl 51 e Iy Gl
aals ol iy s, palS 5 rin K5, ed
slaanl U gds ol cu .(Imani et al., 2011) .z
S s S 6 8L as 5,5 50 &S (Y VYY) Manzar
S Gios o] s ctls cllae s g o0ls ol 0y )
slaSL as) malSs, e 5o wlie s Slas o 8
S S (o Jy cals S.aureus 5 E.coli
A2 gl oY g, Ol 4 ar 5 b g ead et )
YO PPM L o &5 5 5 pe ol o (A 5505) (uliSil
Ao B A Fowle G sy Shs bl
sl 5 228 4y Gl s o 45 sboles
Stz sl 535530 5 ks Sl e 0085 4
el S5 95 cpl 03 e OVl ml sl |5l
S ol ot o)l A Caglie 3550 3 aLls (g
Lol ol G 553 canslin 5 BUI Jsb b 6 138 50
el aral wU bl s Jele g o) 4S5 50,0
AU S ol Gl o S Cerds
b oo <ol 4 as 5 L (Ebrahimi, 2012) &)l e
W (S 4 caslie pasle alS SuilS anl bS]
Js Sl Ll i 5b a4 ols oo 1) Slecams (WSl
il O o Jolgs 53 o8 56 lyd 8 8 )5 ol
Wesls ol D el oo (S b OVl Cuas 5o cédl o ge
Sl SasS Al bS5 ol s aS (S cb L
CMP Jc8 s Gl g, 5 cilizes saoulS ;) concis
S s alme d (5l 0T o 5 s S ool
el asbsl 5o g eas U o oVl el csl
5ol clan oy sit S5l ay sl alS
selie = 4 53 (Y-\¥) Narchin (Ebrahimi, 2012)



....\,5_,3)::)3‘,5[;:,1}5

ot oo AU el 5 o oS S bl (sla s L g
ol 5 asly cals Jlo clas ‘_,.<.=-)L.<, Azl )d
US| PRS- CN VP VVESS I D N WO o W o
(Te-Hsing et 55i o olusl b6 2 Jole S o 5

al., 2007)

T 945
sabany WSl Sl s s 5 Sl 5l el
dn b 8L e b 508 ol cely n e
o gbo Slas 5l culSs &S el suz cel YY )
R P LS I A AL S S R
cte 8 Gl S oy 08 5 oL SLa s
e (St ] a0 5 5 esisl o sSSshilen)
a3 A iy claasl L Jols mls o sz
Clad slge 6 8L ao Ol Sl ey 5o &S (Y- ) Sondi

Syl glas cslacals

OS5 aS o, e b Jd Oldlas 4 an g |
SU a5 Wls il o SU Je slae gu
¢S e gued LS 5 5l spslhe o i OIS
o p 5 S ) 3 sl eSS ksl
oS b il 6 S 4 s sl S sSshall
5 Mwd o8 U4 s (6t Comlias bl it
sFeng la Lzl 5wl owd S gl @o)y5u8 o e
S A 95 2 o) o B P (Yer ) L Sen
U 0l K sl e sSsSokilend 5 Sl )
o Te-Hsing —d>s C’L“ L Gdios o GL" o asls
oLLSe» s Haji Mirza Baba 5 (Y--V) o, S
asls caslas (YY)

S 4
e Sb ao WSl e Wy sl G ol o
SaS &) (C-PAM) 5558 sal o ST L 7 /Y ol 5
(YOO NON++) ppm slie Lo i &l)d 65U et &
C'L"" A eslaal o SL s u,u\.&.w\ REALIRWN e

\\’4

Codl Sl gyope ool (0 JS2) 03 S Iy alS S
MUJ_' Q_LJQ .;\a‘ywa LY 03¢ JU\ O ng.a\.v.,\.'}u
j“a\_b’.a Q,“J;'Yb' s Oﬁ‘ Br) .,\....JL e ;,.,\.:L\J e QA}\L
G e ol cp YL L saz [l B8 ol cuslie o)
SBus s o i SU il 3L Sysba Al e o8 g
Sow SUI— o 8 5L 5 suz all§ GUGU 555,00
a=_b ) Ol S s A ol 6 ams
ool 5 udh L sleslac ol b Sl Ll
Jéa JJ_L Shaals aulssll, Aels ual 4 cuwlis
.\_u‘fv_n &L.u )LQT 9 \.M,\...Sj u-’ﬁﬁ‘ ‘db)w);

[(Scatt, 1940) x5s So,55b 4 cujlia LialS sl

S3999m 903
I IS (s R

)oLgJ':SL,.,\J;)r.,\.c-AJ\A sl cel o i 95U s e
e (§3ata Oldsy ol a,\,p; sadHles el$ d\jlg\
LU\JJ}JLJWQSJLM\ 6\.&@\}}3& n}:dj
dyb-’-\ w‘ I r\;u\ a.,\.;j u‘.b):-}d LsLbJ}Q}A)JS\A
ol Jole K5 o 8L 5 0B 5L slge i (e L
S el colgss 5 sl Jhe mlau 40,3 5L Jlasl
[ a\ﬂ 6\-‘\')}& D9 oo ol Jlaas| Ol LD gl Jj.\.u
e L s 1 (SH) s ey S L slse 56 5
Slas » cnl Sl galaws s (281y (o SL lad e
e S e ol Il Jas oL S b clas
R TSRS L S PO R LN SR SVER A PRSI P
slis 6 pdnlash 5 pams Sl celh Loy
50 4S5 a3 » (Tahan et al., 2006) & ss .
jj_a el calg s ::J_f e uﬁ.\j\j o Jle e
5 AL Jole pann olpe 5L e 052 0 Sl
cosly Joas ol S a3l e il 1) s S
S5 g s ol L S 5l my S ap i e
lazl s o & $Ls .(Soltani nezhad et al., 2011) . 5z



\VV

-Ghafari, m, 2011. Optimization ofthe use of cationic
starch to improve the mechanical properties in the
pulp from mixed OCC and virgin NSSC. M. Sc.
Thesis, University of Gorgan, gorgan,101p.

-Ghenaat, J., Rashd, T., Qazvini, K. and Qazvin, k.,
2007. Study of bacterial contaminations of the
common coins and banknotes. Medical Journal of
Tabriz University of Medical Sciences. 28(2): 67-69.

-Green, F. and Arango, R.A., 2007. Wood protection by
commercial silver formulations against eastern
subterranean termites, paper prepared for the 38"
annual meeting jackson lake lodge,wyoming, USA,
20-24 may, irg secretariat, (http://www.irg-wp.com).

-Haji Mirza Baba, H., Montazer, M. and Rahimi, M.K_,
2011. “Evaluation of antibacterial coatings
containing nano silver nylon,” Islamic Azad
University Journal of Medical Sciences 21(2): 101-
107

-Hamzeh, Y. and Rostampour, A., 2008. Principales of
papermaking chemistry. University of Tehran Press,
Tehran, 424p.

-Imani, R., Talaiepour, M., Dutta, J., Ghobadinezhad,
M., Hemmasi, A. and Nazhad, M., 2011
Antibacterial filter paper, Journal of Bioresources. 6
(1): 891-900.

-Kasra kermanshahi, R., 2009. Nano-bio-technology
point of view of Microbiology. Isfahan University
Press.168P.

-Kelasen, H.J., 2000. A historical review of the use of
silver in the treatment of burns:part 1. early uses.
Burns Journal, 30:1-9.

-Lee, H.J.,Yeo0.,S.Y. and Jeong, S.H., 2003. Antibactrial
effect of nano sized silver collodial solution on
textile fabrics, Jornal of material science, 38: 2199-
2204,

-Mohamadi, M., 2013. Silver nanoparticles processing
and evaluation of its performance on the
antimicrobial properties of Health pulp and paper.
M. Sc. Thesis, University of Agriculture Sciences
and Natural Resources. Gorgan,125p.

-Montazer, M., Sadatdar, A. and Rahimi, M., 2012.
Production of antibacterial Silk by proteases enzyme
and nano silver. Journal of the Iranian carpets
Association, 19: 75-82.

-Narchin, P., 2014. Processed nano-hybrid silver-clay
and its effect on the antimicrobial properties of
paper. M. Sc. Thesis, University of Agriculture
Science and Natural Resources. Gorgan,104p.

-Pinner, R.W., Tutsch, S.M., Simonsen,L., Klug, L.A.,
Graberj, m. and Brekelman, R.L., 1996. Trends in
infectious diseases mortality in the united states.
Journal of the American Medical Association,
275(3):189-193.

) a)\A.:;J"\ Jv\"u‘j‘ )&\53 =y r}k— Olidss aldas

Ol e 0 8 LS G e Hlade )58l L ol s

w2 5 s oS ol pay, asle 4 Be8 sl
els S o303) 350 3 el a3l sl
AL Ao Oleogas o i 6l min O e b ols plis
GLU ey Lol analy s il 3l 28
PPM G e ol 5en (S350 sm 0305) 5 G058 5 sieslie
aS a5 S ulan uid e Al B e ol olaiea YO
oo o, 55 YO PPM G ze ol e o a2 el
RGN ) Vo ol 65 s S5y 5 2l caslie G
a5 gl 680w cols sl e als 2

A8 25 8 hmt § 5l Ol soen) 3 e b G

R v\ P g oSl e s YL
S CINCUT i—é\sduﬁaﬁjwrﬁ)J\J Ll Sk

oslaiwl 8590 2abco

-Abrams, B. L., and Waterman, N.G., 1972. Dirty
Money, Journal of the American Medical
Association, 219: 1202-1203.

-Binesh, M., Mortazavi, A., Amin, M. and Moradi, M.,
2010. Effect of Silver Nanocomposites whit the
titanium dioxide in packing date and the study of
microorganisms during storage period. Journal of
Food Science and Technology, 2(1):1-8.

-Ebrahimi, Z., Kermania, H., Ramazani, O. and
Zabihzadeh, S.M., 2013. Com parative analysis of
paper properties from rice straw with sodium and
potassium  based  chemimechanical  pulping
processes. Iranian Journal of Wood and Paper
Science Research, 28(3): 534-544.

-El-Dars, F.M. and Hassan, W.M., 2005. A Preliminiary
Bacterial Study of Egyption paper Money,
International Journal of Environmental Health
Research 15(3):235-239.

-Etemadi, H., Malek nezhad, P. and Zarnegar, T., 1979.
Reported 5 cases of Clostridium septicum in the Bill.
Tehran University Medical Journal, 35(10): 313-
318.

-Feng, G.L., Chen, G.Q, Cui, F.Z. and kim, T.N., 2000.
Amechanistic study of the antibacterial effect of
silver ions on Eschercha coli and Etaphylococcus
aureus, Journal of Biomedical Materials
Research,52(4): 662-668.



....\,5_,3)::)3‘,5[;:,1}5

-Tahan, C., Leung, R., Zenner, G. M., Ellison., K. D.,
Crone.,, W. C. and Miller, C. A., 2006.
Nanotechnology and Improving Packaged Food
Quality and Safety: Part 2. Nanocomposites.
American Journal of Physics .74(5):443-448.

-Te-Hsing, W., Yi-Der, T. and Lie-Hang, S., 2007. The
novel methods for preparing antibacterial fabric
composites containing nano-material. Solid State
Phenomena. 124: 1241-1244.

-Zaree, M., Khajeh ali, A. and SHekar forosh., Sh.,
2009. Widespread contamination of Banknotes.
Journal of Environmental Health Association, 2(1):
81-88.

-Zhang, j. p., 1984. A Survey of the Sources of
contamination of Chines Paper Money and the dis-
infective activity of Microwaves, Zhonghua liu xing
bing xue za zhi 5(4): 237-241.

-Ziai bigdeli, M., 2001. History of old paper Currency
to the Euro. Economic Bulletin.1: 195-205

\VA

-Safarzadeh, A. and Mosavi, 0., 2001. Medical
Microbiology. Publisher Tamadon Novin, Iran,
760p. (in Persian)

-Scott, W., 1940. Properties of paper: an introduction.
Translated by Afra, A, Agricultural Sciences press,
Tehran, iran, 392p, (in persian).

-Shojaee, A., Sedighi, B., Taheri, A. and Mozafari, N.,
2007. Bacterial contamination of various Banknotes.
Journal of Occupational Health. 2(1): 19-22

-Soltani nezhad, Sh. and Mokhtari, T2011. The
antibacterial activity of methanol extract of
Eucalyptus leaves against Staphylococcus aureus,
Escherichia coli and Streptococcus pyogenes in
vitro, 2(4): 21-28

-Sondi, I. and Salopek-sondi, B., 2004. Silver nano
particles as antimicrobial agent: A case study on
e.coli and model for grame-negative bactria, Colloid
and Interface Science 275(1):177-182.



179 Iranian Journal of Wood and Paper Science Research Vol. 31 No. (1)

Application of nano silver in the production of antibacterial bank-note

0. Yazdani aghmashhadi'", Gh. Asadpour atoee?, E. Rasooly Garmaroody?
and R. Imani*

1*-Corresponding author, M.Sc., Wood and paper industries, University of Agricultural Sciences and Natural Resources, Sari, Iran,
Email:omidyazdani29@yahoo.com

2- Assistant Professor, Wood and paper Engineering Department, University of Agricultural Sciences and
Natural Resources, Sari, Iran

3- Assistant Professor, Dept of cellulose and paper Technology, Shahid Beheshti University, zirab,
Savadkooh, Iran

4-Graduate Ph.D., student of Islamic azad university, science and rsearch branch, Tehran Iran

Received: March, 2015 Accepted: Jan., 2016

Abstract

Bank-note during in its lifetime exposed to different environments and various applicationns
with high frequency. As it is confirmed in scientific studies, bank-note can be one of the most
important and perhaps rarest of disease and parasites carriers in society. The goal of this study is
evaluation of the appropriate solution for antibacterial banknote paper production using silver
nanoparticles as an antibacterial agent and a cationic polyacrylamide as retention aid.
Laboratory pulp of cotton fibers bleached with hydrogen peroxide with freeness of 34 °SR,
consistency of 3.1% and neutral pH were prepared and then above additives were added with
specified conditions (nano silver with 25, 50, 75 and 100 ppm with 0.3% percent cationic
polyacrylamide) and finally 90 g/m® standard handsheets made from above mentioned pulp. To
verify the presence of silver particles in paper structure, the hand sheet papers were
characterized by SEM. UV-vis spectrophotometric method was used to evaluate of antibacterial
properties of paper. Also, papers were analyzed in strength and optical properties. The results
showed that with increasing the silver nanoparticles consumption, paper strength properties and
brightness were decreased, and opacity increased. The biological test results showed that the
antibacterial properties of paper were improved with silver nanoparticles consumption. Based
on the results of strength, optical and biological tests and also economic and environmental
overviews, 25ppm consumption of nano-silver was determined as optimized treatment.

Key words: Bank-note, turbidity test, paper antibacterial, silver nanoparticles.




