[ Downloaded from jstnar.iut.ac.ir on 2026-06-20 ]

[ DOR: 20.1001.1.24763594.1390.15.58.1.5 ]

o Ol / (2d 5 ol )led / @335 Jlu / S 5 O gl (b mlio 5 (535018 055 5 p ke Alone

cou Sal g s oy S oty VT cilug 5 JUs g5lwdde

S s of tL..;a‘ oL~

Y Y *\ v, X el a2

9 S s el pasl o ples g (g UL B e
oL
L;JLM:‘;@}A

OFQ/YYN 2 pdy 0B ITAY/A/A 223l 50 50 50)

s AS>

15 Coanl s 25 O 5 SB aews GRYL 5 s ) sl (Sodl wile e slaag 51 S s oy So JUan! anllas
s iy s Pl b bl o 03 s (AT S slal g 3 (5 S JUSI oS andllae Sasn cul 5 s
S 51 SIS 23T B 31 gy 5 55T S L3l a3 IS 5 i 6 g0 555 a5 e
=t 612 HYDRUS-ID aali 5 Sl 50 5 S50 O St il —dor Jio i fjled S lises glaaY 5 g S
S ST Ja b aglis o 556 95 S Ol lg —Oda Je sl OLES @B A esliial S Qg s s SL ol o Jlal
2532806 o/AY 31 Sk w3550 5 (B) Jio ol (gl 55ls S 5 e o (5,585 cutlig 5 IS ) i 205 2
S Iy gy S O Gty 5 e B ) O 4 (5,38 Qi a g /AT U /AP 5 S £ e e 5 Sl Sl 50
0313 Lo S oS Sl S ) OUKe 3 AL KIS Cdirly 5 e ol (g s g ¥ O 50T Gl 5 g SL ol
B L e ekanlLiS 45 5 OF Qx5 /0 Gl a8 g SL Sl 5l 8L D gl e GG &S A2
e Gmas SFAlS L 5 Ll bl S (o law¥ s 0dd YL g 2L e el oS Sl S 4 g SL S
Sl S o oS Bie Vb g5 ap e VALY SIS 55 U Bl 55 i Sl ol &) 5 SL CiligS

el a6 S ol gl GBlse L glls 45 A ol Cd S S

Cdals ((Sal S gLl 0L o cod iy g w5093 g 15 AL JUSH 1S (slae

O e S5 o0 (53,5188 0aSLiils o il St ALl 5 (6,55 (S pmils i 5 4 )
oLl il g lidss S 0 1ICG-4 s o skl Y

O st o oKl ( (Sa poke oSl ulidg S Lt Y
mhomaee@modares.ac.ir : S5 S Gy (DK J ghne - ¥

oY


https://dor.isc.ac/dor/20.1001.1.24763594.1390.15.58.1.5
https://jstnar.iut.ac.ir/article-1-2045-fa.html

[ Downloaded from jstnar.iut.ac.ir on 2026-06-20 ]

[ DOR: 20.1001.1.24763594.1390.15.58.1.5 ]

VAo Dbty / odd 5 alomiy o)beud / o354 Ju/Ju,yif,u‘w,b@m,dwuso,a”p@

JLasl aie 3 ol {l_?u.‘ Sladlles i 0SS .(VF)
Olpsal Sl b Son (o san slaSLE s o S
Sl gla Gagsy (FF 5 VY A) ol os sy o555 o
Lyl s s ey s sliS S s | ¢ SL J
SUlas ol o gSlsisy e 1S aalllan gl b L gl
Ui o3l i (V¥ 50 0) ol 03 S S 5t
8 gl 0L o lal b o S a1y 680 VL
DLy Jold) JUaSH 0155 o ap58e cpl ala 51 S s
5 e 30 o 55k Il a8 Jleb i (il 5 sles 5
I, (Straining) 58 VL 5 Odorls 5 ol s el
Ol el S s 8L dladl bwdds 5 s 6l
Sy g Al b il 5L sl el 2L
w by e o 53 e oo Jlil g3ledle gla s,
AFF) Sl o0l 13 oo 350 ol 5 5b
(S edaamg L, sSU S s (o s Ll
la,ySb ades 5lisls (Soem 50 (S35 loers
(3 wmsbs e (DT O s it 5 (S5
St Shopast 5 SLs IS £ il 5 S5 051l
Sl g s 1z s (Gg yd8 5 andal) St J gl
) 8L dshe (SO i Sonds Ol 0 NS
S sl L) (6 SL b o sla S35 5 (adis )
Jlo 53 ol 5 dpd Ghasn s (W) o oL 1 (T L
5,158 ly3 4 Arthrobacter sp. (s xS e oS sls OLES
S ol i b S S s Sl S oy 5See
OBl 5 s s (TA) 2l L G (b L 4
o= D3 Jolld by 4 ML Ll (6 SL ol Ol
Aoy Voo L0) CundS 5 b8 i L ols 5l
e o8l Lol Ol s s S S S eIl 1y (i
Gl 5 ot LGl e [l 45 oS 5 b S sl SIS
AL Sl Olir ol (e 0,8 (6 Sl sl
S5y Jds i sl lass s (V) b e Sl
b S Kl s s 5 Sbe s Cile sla IS

PRV
35 et ams g il NS 4 S s (St W
Ol e 3050 ol ahem 3l ool 4 53 01 S sy a5
Glaod VT L e 3 O wlie (Sop T s s
IS s 2l 5 S s VL s S
o I3l 3 8L B 5 ALS lasolen S5
omar SR L) 5 0l Sdes 5 T slass VT Jlas!
SooleS Glapes 5o LOSSL 5 als slas S 51 eslinad
S G S s 5 S Gl Rl ke 4
S350 b 3 Ll ol 5,8 Ll sl 2531 Ol
5 Ol CdS Al v s S s aberd
L ams G 5 pog0s Sl D 53 50l Sue) )
LacMsb 5 als slas S 5 5,8 .(F0) sl atllil ot o
e |8 (6, Olse 4 St &S edd b (55 ol
S o S s i Ol a6 SL s Sl s es gl
Gy dble glls 45 03 Rl Jasws St S s
o slad Laaal, oS Llg o aS Sy Lle ol ol
5 OlalS sl s g 2l 3l odile by AJUE (aalus
L) o Al oy S sl S5 5 550 L
.xf:@;su);é,;sp@ﬂ

Lo - Sen doms e 0Liss La s 5l ol
Sl s e gad b S s ) obs Al als e
S e 53 a5 ST 5 YFYAA) Wss O mbe
ool S sdmte VL i S Sdlal Of glaols 51 o
3y50 Osedes O/Q L VOe o000 4S ol 035 asel 3 Sl ol
03 oS ol 53 J‘M)-‘ﬂﬁkfftw” GAYeoo 5 sokes
s i en (V) Sl o5 0301 T e s
e Yooo Jluw j3 E. c0il O157:H7 5 S 4 o3 1 O
A Yeoo 5l iy olew 5 8 5 S o DU 558 s
Ol Ges 48wl glaols 45 sl Olas Slidss m A
Wy ay oy 18 e e 3l (5 ma Ve s Ly

s et o3l (s 358 51 B lsolen slacs S

oY


https://dor.isc.ac/dor/20.1001.1.24763594.1390.15.58.1.5
https://jstnar.iut.ac.ir/article-1-2045-fa.html

[ Downloaded from jstnar.iut.ac.ir on 2026-06-20 ]

[ DOR: 20.1001.1.24763594.1390.15.58.1.5 ]

v SSal gl s s S sbedn VT cslagSs 5 JUEH glud e

b 01 3 i oS ol S Sy S tsle i Gl s
i O s &S J s ol areal Sl s 5 m e
PN rass onl 03 Sl e iy 5 ol AT Y
il 3 s 45 St S Sl S 1B B ol el
Ll i s o S gla LS oo b aslie 53 sz

355 Ol oS Do p L3I OL

L f, g 5l

S

i S 3 5,8 Q5 Sl oS aalllan i &
s A ikt Sl es ) iens Sbt 0 Y gLl bl
Jsb 3 (Suls i sed Jome Al (6513 5 50l Ol J Ol s
423> ¥4 5 a2 YV (o, 5 30 adds VY 5 s FA
05,5 s a0l Sl glas= syl 13 Jls
L0 5w L ,S o 413 Calcixerollic Xerochrepts S 5
Vo gLyl s e Ble A s G PVC i 1 (5515 6 505
S slad g Jsl (b3l g8 51 13 s e Sl
gl 55, Y e (61 CaCly Ny o/0) Jylona L 5 ]
s Plexiglas o 3l glasi S O a5 55 . LUs
Sl 31 Sy o o3l 513 0l by i 51 plis
aS e S 5 hlasl sy Sk 0se & glis (bl
sdsary 33,5 a3 O 5 g lo 5 o3ls ) pe SalS 1 (5 5L
h;\ﬂéugj:ﬁﬁcla..ﬂﬁab@i);j:)lﬁ&ij\ Sty
s an s el 3 S Olele oo 55 3l (68
Glaas goi S placd 5 Sosb sl S5 S5l
Sl Oas Szt a5l e Lad gl LS 4 50 03, 55
oo A ol el SR o315 s (S e ¥ S
5 5 OgrmlonST (g5 i (I e S Sl (5 05,0
oS DL S e 5 (YF) Dlid (550l 3 b O gonsl 25
(0) s (5, Se3lil i sel SVIS| (555 4 (ACC) Jlai
L La0ssls oSl L(CEC) Sl 5,518 dsls cad b
(F) Lt 6 Sejll A0 iyt 5> (NaOAC) i Sila

00

3 3y ode O Gl i s g s OISl (S 3
5 S O3 (535 (CaC0y) e Sy S sladinnsy 355
Mo S 5 b slae3lisl 53 S Sl S gla 5k
Losor ol Sisttas 5 Sit bl slasSs sls S35
sl daas e Laoly S 5l g nl 53 55k 3l
auyéuabﬁénﬁj%_}a&é}rﬁ&lf
b oS 358 Blasl @ aSST 51 iy SoL L5 ool o s
ol S sl ol (b s S S el i
s Al e ey S ke Sl b s S )
Ot peedS DL ST SIS pHpze s das o OLLS La la s
Sl g b b (Y 5 V)l e Ve/A B 4/0
el s ghils (g55liS Sl S ek Ll 2 s
a5 e Sl Ll s ol ps cpl pli (ol 40 51 xS
o=l s Al Cte S s S Sl S S b
oL el ks S J ks pH I 2 pHpze S
S GE bl Sslie ol (551 85 s Dl Sl
A M ol Gl g Rl b S
4 (Pseudomonas fluorescens) .. sls b ge3 5w
A sl el b el e e L (Dl
Sal Skt baw! [ Sal a3 051 i b slas=
Slao3 20 spd= S oS el o (1) S
3L s i a5 L (F) dimes Sl 0l ) gl
L aslie 53 pedS Sl S a0l 5 01n) s Sal slass
Ol gl galime (g5 51 sy S gla LS Ll
Sos e LaSLa ol 55 (6 8L Jlan! andllas (cla g SU
il 5 Il oS adlae iags opl 5l Cids ol
S sLad s 53 (rims gl b gess g (e S (551
0>l 0350 pll 0L Ll b o 03 s (Sl
St oz 0L S5 31 s 025 OG0
WS Ai Lo 1 el e Sl St s (g 5L
St i 0L 3 glls anlllas 3,50 Sal SLs

Db slls Gl S8 4 bg o ) S Ol O AL 0


https://dor.isc.ac/dor/20.1001.1.24763594.1390.15.58.1.5
https://jstnar.iut.ac.ir/article-1-2045-fa.html

[ Downloaded from jstnar.iut.ac.ir on 2026-06-20 ]

[ DOR: 20.1001.1.24763594.1390.15.58.1.5 ]

VAo Dbty / odd 5 alomiy o)beud / o354 Ju/Ju,yif,u‘w,b@m,dwuso,a”p@

s S Jlesl S g mhan 2 e e 051 S 6L
Sed s DTS a1y 6L 6135 5
s am i e ey 225 5 ol O S SG G b
b 55 1 s 5l S 0 e 53 Ol gLl a0l
gl (Sdados olda bl (@) s 0L il oS
LabView b » U Lilesl Ll a S .ol (Ky) Sl
4y CaCly ;¥ o/0) Jydome A o J S a5 5 sba
St O o 4 O 355 b esliad wn) Jsboms Olgie
e 0 S sba |y Jslos &S (Lol s @
Sladsdow 51 S 0 038 Sso s S i Osi
Ol 5 S5 5y b (8L Ol s L LS
o s (S S K 53 3l eslizal s 5505 S+
ol i gad il e VO o b (s 2 Slag slad s
o ol Sl 45es VO sl JUasl JalesT s 5s s
Aol IS Cble 6 Selsl sl e es LS L5MT@.>.-
So s psban s Ol dse o S Calis
o3l ol L 0T clale (JUist ilesl OLL 51 5 S o510l
sy ewie (6 Sl gl Al s 0, IS s
Nge o/00 Jylos LCaCly [N gs o/0) Jylos o(CIT) il IS
A Sl (Cslw 0) fpms Ol ods (gl — CaCly
O gl 3§ S 4ty s (5803 sl o
Jodomn 5L ShlesT plnil Oley ke 4 4z 55 L (5 5L
3 S 6 ,=Seslll [ slae 4. CaCly JYge o/0) e
s S 0 g gL I G2lesT 0L 51 g S 5 e

Adesls 3 e mle ) slaasY

AL Foled ¥

o ) e S ke (A

Nickon ) Sy S g 5l 6,80 oole—d sl —
S Jloous slas |l 5 (ECLIPSE E 1000
G ol 3 A eslinal iy s S5 L el (65l S

L S O S ms 2 Ol s 53 357 50 ST 1

23 (Jskome Pl 19) (Sl s 5 gLl IS )5 wptd
RSWapove ¥} CL.J:\ o las

s ~SLY
DSM ) iy sk ol 5 6 S Sl 5 =) 50
4 s ode S (68U pl A eslaial (50108 Biotype 11
ol enlarul (ol wladlas 5 o5y Il 5y Jde Ol e
Slades oS oo iy s Galsa g0 5 S (7))
Jsb 5 05,8V B o/0 3101 b ¢ gira oedaw 5L L ( JSC3
Condy 5 Ay ad jo i a5 L 05,5 ¥ 61/0 Sl 0]
Vo s, bosong SH6 lls (68U .ol e o 136
53 e Sl V¥l gie jpbay 54l 0o ey Sa Pe U

.(YV) J&S@ Q,SF uI BE C,.C«Lw

S Ol g JPhons 48 2,
> Pseudomonas fluorescens ¢ S « 5o 51 S5 IS S
sles 3 celu Y i 4 (Nutrient Broth) (gdas Jases
Shoslital L (68U e s 0303 Ly 515 Sl a5 YO
M gdie laes 51 42350 Do 4 AeeG 5 53 Sa ila
e lS LIS I gkoen L 53 el T (6L 0T 5l ey S
S S O gl g L 0303 pizs Ve o/0) (CaCly)
S Ve o/ Uy md e 3 Ve B il L
orlasl 3 e did g Ol s il Al Cesay S
03 S0 olend (gl el S s (6,81 Jlal
Multisizer 3, ) J g ol oS 31 (65U O ganiliv gun

A& eslan! (Coulter Counter, BECKMAN

JUs! byl
Sl L3l 0l Jal s 53 IS 5 (5 St Jast e
a8 4 JUasl ilesl .45 elnil (Steady State Condition)
53 =l (SIssde ol Lol plal 0L &S s b

2l oL abie cd s 5, S O J b

oF


https://dor.isc.ac/dor/20.1001.1.24763594.1390.15.58.1.5
https://jstnar.iut.ac.ir/article-1-2045-fa.html

[ Downloaded from jstnar.iut.ac.ir on 2026-06-20 ]

[ DOR: 20.1001.1.24763594.1390.15.58.1.5 ]

v SSal gl s s S sbedn VT cslagSs 5 JUEH glud e

SLs s S Gialsl i les St s iy 50

A oled O & e 53 68k w5 o sl el

Jl rSl> SY¥oles 0
L1 Jlest (A
"Ls soe L IS ASle (Non-reactive) SKiuSly & el Jal
(Convection-Dispersion ;Li_Sl —(gles o5 Ol - adslas L
adsbee ol Ik OL 2 Lol 5 (sl 355 o Ol Equation)
g S e Ul b

2
%: —V%‘f‘ DZTCZ: [V]
s D ML?) mls 5L s S o ble C 0l 55 8
bge e,y (L*T™") (Dispersion coefficient) Ll
el (L) S 5 aez 5 0l t (LT OF gdine
S el L usl IS sy e D g v sl el L
(Non-linear parameter xel)l (g3l wa g bt &
Sl - S0 v:q")j_fj\ —wl ,— optimization)
S osdre i (Ye) Ll s, ol » (Levenberg-Marquardt)
Lyl 5 gl |, CDE dslas Aot sbay S CXTFIT sl
Sl el e (X)) Ul sl (b oo Jo e (85,
A4S (@) s QL i g el 63505 (D 5 v) JLal
o S sbs e e gl A3 (S5l s LT s
L esleul (l:%)éﬁjﬁ)u:_:;\ NN (6’:%>
Ol o Sl s 5 (0 5A4) edd 03 a0 sLoa el
anl e 5 sl L s S QU1 (6 Sl 53 0k (5 S5l

(¥eo) xS )3 eslizul 5,50 HYDRUS-1D

Sk JGs! (o
5 SLs s 5,5 slaedy VT JLES) G35 i ) 2
Wil a8 ol o3V pladis (ol e (STl s
O s e 5 CilgSS JUl Cand sy clie oS L
JLasl (g3lwdde 53 s 8 S 3580 0 1 Lo NT !

ov

Sheslil U e 0l (50015, 5w SYBER [, o3l
Sl sl S LUCIA el Sl b s oKy S
KS400  4sl » 51 oslizal b 5L JS sl culg 5o 5 g
s 4y (VA) 5535 s 5 li(Carl Zeiss, Jena)
St s iy 5o ol sa 53 5 (6551 3ln (5 S o510
WJUasl lasl gs,m3 51 Gy s Slns 53 3525
Slosle 5o 5 A4S Sled s 2 Clas o o S cble

A5 Jlesl 6 SL Js)

SB g8 03 S0 ol (@
OLL 31 oy BBl S 2 e 55 650 oled
O el S aY Vo S O (JUsH il
Sl Oty S Sl ealinal b kel (gl ad el
s S U a3 el 3l 5 ol & sk s S
s S Sl eslial b s 358 5l 20 Sl S il
okl bylsee LS jsbay St a¥ s adesls 5, S 5s
Y iyl 3l b Jyloe e ¥ L 0TS S F
oK 3 4 ged A Ll (g 2 Je 00 Sa mle JJ @
Glp e A 035 s Yoo 553 55 4ids 10 Sle 4 Sk
o3 Laad b el 56 51 mle 56 55 5 50 (6 ST (3Ll
S Csee 52 LA Sads Sle 4d35 0 e a4 AeeG g0
L Lags S b s 5SS 0L (i Sant Sle 5 S5 Jos
S0 ke s ol sl Jlal zbsb e Ol
(Plate Count) olij Ssled Sg,y Jl odal Cosdas s Jskee
Jsdoes ol j3 ol oled (S, 5o ad eslan il
Sheslinl L 5o 535 p5Y Olsee 4 (6,80 O gmdlins 5
Lo (655 0dd 3B i sed B e o/) O pe o
BERUICIEWE o SLINVIPTRVILIM PN Q) DN W S ERUILARS) IIGINAY
L esls 3l S mle s YO sles o 5L STl oKaus
3 65U Gla IS bt sl as Sb s 5l e
(Digital Colony Counter) S o lad Jloaes N

Uses3 5 (68U slss (6 S eIl shae 4. eslinl


https://dor.isc.ac/dor/20.1001.1.24763594.1390.15.58.1.5
https://jstnar.iut.ac.ir/article-1-2045-fa.html

[ Downloaded from jstnar.iut.ac.ir on 2026-06-20 ]

[ DOR: 20.1001.1.24763594.1390.15.58.1.5 ]

VAo Dbty / odd 5 alomiy o)beud / o354 Ju/Ju,yif,u‘w,b@m,dwuso,a”p@

Sl bbb S 4 by ) St Sl 0K 3L
5 e s O 53l a5 ol e IS Sl S e
Aol 3 Y Gl 0K 3 S s .l el [l Ol
AL g 2l B a4l g Sl 5 Ol
A3 o ol O 5 @Sk 0 Jld b ¥ Sl OIS
S 5 LS S S Sl Jie 3 A8 a5 S
Gl 3l e i ol Y sl 55 Y O sla el Ly
el 5l S s 6,8 Jlanl Jucs gl el 3,50
St sl sl ol (F0) A eslizul HYDRUS-1D
S plil i o bl el s Ml 5 Lo S ool oS
335z adslae HYDRUS-ID aabi ;1555 o LS4,
gl Ol sl e 5o | (Richards’ Equation)
1 s (CDE) Sl - gles 5 0l sles 5 ST gLl i
Oloyon il OLSGl 4l ol S o Jo 5l JUs
s (Breakthrough Curve) ot joww 1y Jhe sla 2l )l
(Profile Retention) <S> T S SL Cl S slaesls
JETPY O AT P R PR W PPN (PR NE

PP JUT SR

Ldie oL, #

S S Ol sbadde 1SS a S e Gl
(Model  Juas o1LS s glao Lol 51 SLSo 55 5
(Root mean square Uax ile o . S0ke 4y 5 efficiency)
(YY) o eslaal error)

> (i L, f

E=1-— [0]

%( (i)bs _Cavg )2
i

X (Cons=C,)

n

RMSE = (7]

sl S5l 5L sl i3 4 Cop 5 Cip el 53 &8

Sl — glos 55 O Je 3l eslined (S s Loy Son
Il oy 3o wiliee (slap 55150 o slite s (2ol (CDE)
(Ll 5 slos s 0L ) JLasl ol SLs s ags S
B @L» L e 6,80 sl (Inactivation) gds Jleb &
> (Detachment) wJdely 5 (Attachment) ol ooy del
sl 0 Bl CDE ol el e
b S s 80 JUitl 5wl (Sl IS Wl
(Two-site LS 5 Stow Cdrly —da o L Ol 55 oo
(¥#) 5,5 Ol Kinetic Attachment-Detachment model)
s St F5 L L larly 5 il sl e
Al Aol o cio g5 (First-order kinetic process) J !
S Jyl a0 553,80 s A e gy S Ol
D3 s s mle S5 1 (6 8L s s e aniS o Jlis!
e 03 68U s ad e 3l e JLasl SLs
Sy S LS mha Ol Sl S 58 Gla S s
LS 5 St il —oder Je i S 2 s
S e Ol 3 S 4 ) 8L Jl]

2
§+&®+&@=D%—V£—MC [Y]
o 6 ot 6 ot or? 0Z

oS Yo,

%a—tl =Ka:C — kdet17b31 — Hs, PpSy [v]
oS o,

%a_tz = Kart2C — Kaer2 7b Sy — Hs, PpS; [¥]

s D CNL?) mls 5L 3 o 8L cBle C ol 55 8
Jslss 0 (LT O diie s v (LT Lisl
cble S (ML) SLs s alb ey o oy (L7L7) S
i Kaer 5 K ol (NL?) St o s (6580
Slest 5 (T Sk s 5l 8L olrls 5 ol &5
s abe 3 e SL oA s S a s s AL s
e e S0 OWslas 53 Y 5 sluel s el
o=l oo Al oLl s 5 Ul S Sl glaolse
53 St il O 1 i Sl eslanad Gl i
S as (5,0 0 Al e addlas 35 Sl sl
St i 0L 3 glls anlllas 3,50 Sal SLs

OA


https://dor.isc.ac/dor/20.1001.1.24763594.1390.15.58.1.5
https://jstnar.iut.ac.ir/article-1-2045-fa.html

[ Downloaded from jstnar.iut.ac.ir on 2026-06-20 ]

[ DOR: 20.1001.1.24763594.1390.15.58.1.5 ]

v SSal gl s s S sbedn VT cslagSs 5 JUEH glud e

bl ol o o3l [l Olej lde 3 (Co s35,5 4l
33 01 e Sl s 4 LIS L (68U asty oo
Oyt 33 ;8 53 555 0 aa>Me 4S5, shailan das o OLLS
seddodalis g Olag o LIS 51 LS (g sL s
Jotoes 35,55 Ok 5l oy 5 il 0y 5l e 4y
SASL as powe (S s w4 (6 8L 0 sl s
sSL s, g5 ol el il Js5 e IS 51 LS
Gy a0 st 3 1y 6,80 Jlasl oS O Ken 5 258 bw s
Sl ol odalis diles S anlllas gLl Sl s 00y 55
Slra s oS > 0L 5 Sl e es (V)
aemle S 3L L s o 1) LIS LE. coligs S
S Ot 53 A3 503 edalis O Kiagsy ol A5 S
4 25,53 B cOll (6 8L 51 do s Qe apd 53 3 s
35 Jos ol s S e OF 51 aids WVl L St g2
25 S O 3l alie Oy 5o LIS 5l ds s Ve Lis &S
5L JEml &S 5l 0L ,Kes Slalle gl (M) 55 035
e D_! s (Silty loam) . fﬁJ ol Lol s
SLs s of JUisl ce e 1 2iw 45,0 Y0 (Sandy loam)
LS Ll s 80 S e JLES (D) o
Bl S LIS 5 (6 8L Sl sline (gl s 4 015 o
35 1 oy Bl 5l e oUly LIS OGNy o SL s
ool cpl gl IS e e St cudys ke Sl s
5> O3 5555 503 Al IS 51 iy (5L Jisl e
e o dmlie i s e sdalle o 2 Olag
2GS e BlE S s e 0L (6 SL s LIS
Sl s llE 45 el 03 j2eS Sl LIS L Al
3 S YL lae il S 5o S s 6 8L 6 B
Sl — o Jae s 550 sla bl ol e
il 5 e el sl ¥ s 3 (5 S S
GH G eve () 51 S S due s LS pl s 6,50
Sl s el (VL Tl Gl £ 5 6 el e VY

Sy St sLad s oSl el Ll 5 5 65k VL

04

u'r<‘l—:‘ )U_ia Can E) ‘ti QLAJ BE el sdali s E) Y 4
=6 s el 5l Gy las Oror e AL e el sdalis

C — % Cobs [\/]
avg — N
i

ol Slaalie sl N ol 53 oS

Cou gl
5 addlle 550 St slal e plend 5 (S gla S5
bl 3B e bl aS (g shailen ol oS &Y J g
s 035 (Clay loam) ., rj_) andlas 350 St gla0 g1
STVO 5B 5 A Sbt 0t b poedS Sl S e

.J‘.J:bkfa Lo y> Y2/Y

LA s
3550 5 0did (Sl WIS wist ) la e VS s
el el Sl S glad st gl CXTFIT Jue b o
oA 3550 5 ok (S o3l pslis o (RY) pod o
S das e Ol o a LIS as gl e ol 0744
LIS Sole 4 b ess A5 ot sLls OF (53 5m0 a2
o=l b Sl sa s sdalie o 2 Ol s e
o) Xieea oY b s (Tailing) 4l hls La o
53 iy dobe sy o Jds WS ws )y s S
Il gl el )b e adllan 350 Sl St glag sz

ol GJ.AT Y J)J\;- BE .L\JJS Ls\f o 020> J:.o:rj

s A Jus
Su3 e LIS ke SRSy 8 Ol g 8L Jlal a i
2 6L Slyd JLE 1 oSl sla, sSB 5 bap sl g
ol aol IS 5 o SL s, e il e SaS S
La e opl 53 el ool ¥ S5 3 S glao e 51 K
cble o C s ol s chle cd) s chle


https://dor.isc.ac/dor/20.1001.1.24763594.1390.15.58.1.5
https://jstnar.iut.ac.ir/article-1-2045-fa.html

[ Downloaded from jstnar.iut.ac.ir on 2026-06-20 ]

[ DOR: 20.1001.1.24763594.1390.15.58.1.5 ]

VAo Dbty / odd 5 alomiy o)beud / o354 Ju/gsu,,j(,u‘w,b@m,dwuso,g”p@

obyl 3500 S D s pland 5 S5 g Sy Joir

1) ACC /)0C Ee | ST el Sl o g
* (emol kg M @sm'y R 5 ) hw () Oy
(gem™)
Y\/0 \O/Y \/¥ V/YY V0 VY YY/0 YA A
Y&/v VY8 V0 \/Y v/¥ \/Y AR 7A% Ye/0 B

e oodS Sl S=ACC ¢ 55518 Iy 23 B5=CEC « JT 18 =0C (S S0l gl a=EC

(Lol Ol (cela) Ol

(J:M .h:'-) CXTFIT J.M le ol eala U’:'}‘Jf K (J\:’- _,3‘ eﬁ‘.}) ™A ‘5}:54}‘.5‘ .L:‘}JS 4.'.5-) L;’.:r.'..a \Jg,.ﬁ

adlas 5,90 S glad g s Al IS JESH sla el 5 Y J g

O(cm’cm’) Mem) q (cmh™) R? D (cm’h™) v (cmh™) S g
o/¥¥ #/°Q Y/OA °/44 Y#/Yo NV A
°/¥A f/AY Y/ /44 YY/4e f/VY

Skt cugb, 18 5 g pdlal A wsls 0L Sad g Glasl co s D (gl Sk e v

0.9
0.8
0.7
0.6
0.5
0.4
0.3

() Lo e

0.2 @0,

[ [e] s
01 855’ o

(csle) Ol (cels) 0L

BJA Sl 6\#&3’.&): (Jl?j aﬂb) 6}5‘-}}(}4‘,3 aﬁla) .\gbls ol 6;‘5""5‘ waYJ&Z

$o


https://dor.isc.ac/dor/20.1001.1.24763594.1390.15.58.1.5
https://jstnar.iut.ac.ir/article-1-2045-fa.html

[ Downloaded from jstnar.iut.ac.ir on 2026-06-20 ]

[ DOR: 20.1001.1.24763594.1390.15.58.1.5 ]

v SSal gl s s S sbedn VT cslagSs 5 JUEH glud e

5o/oYT 5 o/¥Y B 5 A SLs gl e an Y 0LSa s
FERT DY B SURECLVIRGIN I VLR I VA L IRUSN WS PR § W)
aS Las o OLiS o Y K s (S0 els S oS3l
sdowy ol abd 4 Lo & s 2 a6 8L kls
Jds 48 ol s SaS1, glyls wty o O 51 s s
0> Ssldne w5 oder (6551 L il sy Lilg e O
MYl o (5 5L JUml sl b3l 4 el b sl S
53 il 3l sl LS 5 Dbl g s Sl e plnl
s s odias LS Laesls [SUST, 5 6,8k sty e
(T0) ol S S5 5 pbars o Kaal

Ul S s LS Cade sla SIS 5l Sbs 1
oSOl Wl 5 o e Al Sl ) ol
A il g S Jlasl gl wslie Ok gla s
05 4ty slaimvin (Crgy /Cp ) (651 oo il
o Sble e Lol sdd LI F Jyi B 3 A S
STl oYY 5 oM 5 5 B 5 A S slad s
S b Fdgdr 5o el &bl g 8L ol glacble Sl
s o3ls 3lls ¥ oo 3 el il St glag) s 0L
Ol Sk e s GIs A §s o 353 e dimSle
LS s e e LS opl ool (6 8L ol Shale
Ls el o3 28 686 (VL e i O s
LS 65U lr sl m S Ol s L
Jlia (Poiseuille’s Law) 5l 0506 by 3 b 51l o
aom )3 5 03 pmad g Sy Bl 51 OL 2 IS 5l 6ol
ol el JUasl SU Sl 68U 6 ni i

Gl w5 IS s sl bl e 555k
— (Removal Rate) ¢ S sd > Tr— St
¥ dsder 55 (Y0) 555 e O IOg(Cmax/Com_l)}‘Uli,
ol ol ol sal S O sl 6L B
(logm™) 5¥/oY 5 5B 5 A Sl a3 byl
ol YL Ol edasplis Gl Fr ok e sl s T4

aS b lis b ey @L:J el 8L YL s s

4

35S e S sla SUS ik s Olys e | anllae
S Ol ST S el e sl andlas 30 LS
LS PHize Sldie doas s 0Li sy il il e
Gk ST 5 V) el ize Vo/A B A/0 oy S Sy S
1) il e V/O G V/F aadllan 3,50 (slacST adonl lie
3y5mn S 3 S Dl S Sl b Ll sl s
Jsdowe pH 5l iy pHpze S8 ol s sl oo anllae
S5 &S redS Sl S e SR L el gl s ls S
S e Gl e R e (Sl e i L
st k5L (lyls aS Pseudomonas fluorescens (s SU
3505 Sl el 8L Cdaly il sl Bl
el OF Sl a2l 5 O w 3s ke 6,50 6 Lss
AL I Jesily s 2 6,81 s oS Ol
Ll ($55 52
Cdials esls olis aKaslesl 5 glae 5o Slalis
() 350 a ity o s 03 Vb e 555
SR SO dde s 558 e daa e ¥ Jgds s aS(6 ) shilen
030l o L3l o Kaer ol p Vooo B Voo 3l i Ky lkie
anlllas 5y50 Sal cLSE ;5 5 SL Ol oS el oyl
ssliad OLSGl Jra i ol 3 ool S W62 L
Sy Sl a3 St Sl 06 51
Cds Jue gl el s S 513 ey a5se 0 axdllas
St aS w0 LS o5 w0 ¥ dadr 3 S 90 S
LS ol St o s 53 gl andllas 5550 Sal
Sl S Lile Gilee 5L L b S8 4 by e ) Sz Ol
S Sl 5 e Sl OF 53 ol oS ol S
Oyt 53 ) Kt O 53 Gl il e . ey
Sl ol il e oV 5 o/80 3 su B s A St
e ol 5 b Sl Cdaly e Ol 5 a8
S B oA S O o)) St U6 Sl
Y i 0L s S Jl s il e YxV o 5 078V e 0

AL o g5 Ml e il 5 i T


https://dor.isc.ac/dor/20.1001.1.24763594.1390.15.58.1.5
https://jstnar.iut.ac.ir/article-1-2045-fa.html

[ Downloaded from jstnar.iut.ac.ir on 2026-06-20 ]

[ DOR: 20.1001.1.24763594.1390.15.58.1.5 ]

VAo Dbty / odd 5 alomiy o)beud / o354 Ju/gsu,,j(,u‘w,b@m,dwuso,g”p@

‘_;J:SL.A.'.‘;-J‘_;MX@M osls uﬁ:ﬂﬁ d&a}b}@&a&i%g)-\?b}u-\? JM‘SL@J:.AJE .\'d}-\.‘g-

(3o OLES 1y eyl o 3 lailil O sl 51, J51s 3u2)

Bo s A s
bl
‘;thﬁ }: L;:L{A g,_,Q L;J&ﬂ j) L;:L{A g,_,Q
(Y/4%) o) V/Ex\ o (FxVo ) ViEx) o™ (\xVeo ) axyo™ CE/M%) o) \ /Y (™) Ky
(Yx)Vo ) Yxyo CEVxY o ) B Y o (OVxY o ) B/Ex) o0 ($/5xV o Y ¥/YxN o (™) Kgeus
(Y/A%) o ) ¥/ o i (V/Ex) o) /%N o) i ™) Ko
O/AY D) VXN e i AR i (") Kgenr
O/Yx\ o ™) VYo OV e ™) Vex) o™ (1 AxY e ) V/ax) o™ (/%Yo ) Vy/Ax) o™ 1
°/a4 o/9A o /Ay o/AY R?
0.45 -
0.45 04 | B
04 0o A 0.35 -
. O
40 omw o
3 . o
g 0.25 5o o 0251 o
/ [0} 0.2
A 0.2 o
~ o1s o o o 0.15 -
|
~ 0.1 01 -
0.05 > 0.05 - @
0
2 4 6 8 10 12 14 16 18 20 ° 0 Py 4 6 8 10 12 14 16 18
(cels) Ol (cell) Ol

%ykb—yk J-bola.a-\.\f» :J}iﬁ}(gu-ja,l‘;) ol 6,;50}‘-\5‘ ‘5,75‘; A«J-wads.&

(s b)) SIS 93 9 (L b)) SIS SO

adlas 3590 GBS 3 (5SSl f 35 o e ST ¥ U

ng:Sbg_eJon s ble Sl SO
¥/oY o /Y4 A
¥/40 °o/YY B

£Y


https://dor.isc.ac/dor/20.1001.1.24763594.1390.15.58.1.5
https://jstnar.iut.ac.ir/article-1-2045-fa.html

[ Downloaded from jstnar.iut.ac.ir on 2026-06-20 ]

[ DOR: 20.1001.1.24763594.1390.15.58.1.5 ]

v SSal gl s s S sbedn VT cslagSs 5 JUEH glud e

VL Bl L1 (Sl Jlast Ol olestla (sl St
ke 5 S Olatl 3 pl sl S e ol 3 S5
ol il sl a bl sam (SGad VL s
3ypme SB35 (68U S s AT nl oS Ol
dead e o Sk s sl il e 2Ol andllas
SISl s sy Ol OF 5 8L S oS
Gl S am 0L sl Sis s ik o 5l I st
ol e sl Gl 3l xS gy sl Ll s 4SSl
Aol sy S Sl i 5 681 cand S S
(Stokes” Law) .S gil 05518 51 (6 ;SU O gy demsloms (gl
3 g oo esliial
Iy aS sl esls QLA W Jlags S C’L"
Syls e S 0 51 i ;a3 b ols VL s age Ui
i3 5 ol ga 53 s Sla (s SL oS Sl S 55 ol (YY)
03 gy G S Dl e ol gl s O 51 2S5 a3
e el 03 5 5 Gl ol o 6 S RV
Fes 53 G AL SIS sl 3,80 0 5 ek (g S 65l
S5d 0 4 aS g shilen ool s 410 S s S
jJ)l:&L«jﬁLﬁjﬂJi_.ia.Li &S o3Il CMZ\.\&JN
Lo o azsligl S oo oY 5 b ,SL i

Al SalS CIS s Ges il 5

ey —oder gladie o8 2L5)
2 e 5 S O St Sl Je 0 L)l
))}Tj_g B J./LA EL Jl—.’.))‘ LE‘J—’ ] 0 A.Lb‘a JjJ?
NS s 2 651 CilgS 5 8L as oo
Last Slayyo 5o80ks a2y 5 (B) Jia 2LlS s slae el
€y o &S Sl Jdo (el SIS s i e3lized (RMSE)
o LS f e 5 6 8L Sl e
a3 e 0Lz (B) Jie o) o el sl avglis .auled 5,51 5
Q.J\J@fj)u)@x»jl%t;;)ﬂﬂ S 53 Jde &S
bl 0 Jyd > ;s RMSE slas syls SL= s g SU

Al

3 DL L s GlasSE s lessy slag SL A 5
WO 5 oY 31 Lt b Ol Ll 5 oosline Olozsl
Ol Kos slabass mls o (V7 5 YY) Sl ke
2 e Bl s s 8L B e S el
L ¥/4 (Silty Clay Loam) v o) V}j calb b slbas
(logm™ ) s »/24 (Sandy Loam) s fﬁj X/0 (logm™)
g s 4 (10) Coulessy ¥V VA L;:l._w:pijo//\
s 50 s St ol ly ol gladde &35 2
orlaie 53 8L ot gla g ¥ IS o s e
W)\_wajwp_l.o\ Al &Sl J@_)LQ
(Skewness) 5> slls s lS S35 ws s (65U
S o 3 Ol G320 45l 53 2,5 5l 5l el
Ll A sladls of s asls 5 Bl 5 ol e
Jde a5 eals glas La fagsy & @\:J 3 g oo edallie
il g e o el el LS SO S wds
(Y8) Al 3l Of s 5 aty ows J55 5 $35me
LS e o)l s i, lasimn 38 sy
i 53 S 53 St Sl -l Jie oS Ao e
S e dls J_i)'lj_:ﬁ_“;;)ﬂj_f S S Je L

el azls O lss 03 50

S 55 CdlagK
Gl 5l 4t 53 Ll 5o gLl SI 55 (6 8L Sl
5 S YL S s pha e Gl dile il
& sl N5 YL LSl (Sedimentation) o s
S 3 b Jlie 1 ls 3B O peilis g 3 S Aas e
S Wlesls Olas La i siy 5 o dolel g )b s
ey IS o oS 3l e B s a3 ol
S By (V) il Aoy o/0 3l e S olys ks Sl
S Dl VL e A A S i 4 e
sl slaler e (sl p3lie cpl andl (YY) 55 dal=
53 el sl s Bl bl &l Olextle L Kan


https://dor.isc.ac/dor/20.1001.1.24763594.1390.15.58.1.5
https://jstnar.iut.ac.ir/article-1-2045-fa.html

[ Downloaded from jstnar.iut.ac.ir on 2026-06-20 ]

[ DOR: 20.1001.1.24763594.1390.15.58.1.5 ]

(=) o ale

(cm) S Ges

VAo Dbty / odd 5 alomiy o)beud / o354 Ju/Ju,,j(,uv.._,b@m,dwuso,g”p@

1.
1 B
01
0.1
0o 0.01
0001 0.001 |
00001 ‘ ‘ ‘ ‘ 0.0001 :
0 5 10 15 20 0 5 10 15 20
(zele) Ol (cel) Ol
S 5.;.'\>.|‘9 —u.L’ Jdw Lol A)}Tﬁ 9 (‘)l’ ¥ aﬁb) ok dﬁfajh\.ﬂ LSJ:SL’ Jlsl ws w;r..anSJ'
o & elde o (diew b)) S g5 5 (G b)) SIK6 S
0 -
A o 0 B [ ]
2 24 o
0
4 4 -
6 - 6 - o
8 ¢ 8 ¢
10 : : : ‘ -10 ; ; ; ‘
00 05 10 15 20 0.0 05 10 15 20
(cel) Ol (cels) 0L

oty — e e Lok 3,50 5 (5 0 213) S F e )3 0 (6 50310 (6 5L e 0 IS0

s 5 (B) Jdbe o8 glao,lel b Sl g3 5 SIS o5 St Dlrly — 0l sladibe b5, gl 0dsdr

(RMSE) s Sl o Kilee

B S Oy A SO ol 530 5 Je
RMSE E RMSE E
°/Y °/¥ o/o¥ °/4° w o S S
o/\A o /AP °/Y0 °/qY St 5 o
°/\4 °/40 o/o¥ °/qY w s S 5
o/\A oIAY o/YY °/Af St o

ai


https://dor.isc.ac/dor/20.1001.1.24763594.1390.15.58.1.5
https://jstnar.iut.ac.ir/article-1-2045-fa.html

[ Downloaded from jstnar.iut.ac.ir on 2026-06-20 ]

[ DOR: 20.1001.1.24763594.1390.15.58.1.5 ]

v SSal gl s s S sbedn VT cslagSs 5 JUEH glud e

SE f o 53 0kd @l 5 g Ol 53 0kd 3,50 5 0k (550310l (58 px Jolas F g

v.‘u&p)}gj.lﬁ\{a.l.i:)jiﬂ g&»&d_\ﬁl{e.)\,z.))j’lﬁ o.\.fudﬂfe)'\_b\
S O
SE e sras Py S Eed el S s Sl
°/VY /0 o /V 20 °/Ve 2/\0 A
o/8¥ °/\4 o /FY °/\4 o/FA o/\¥
S S dms Frs 0> L S 5wy owie 3550 55 15 adus

S Bles 51 s el 4 s Son slaed VT JUiz|
W@_M}&la_wﬁ,u\j:_;ASQ\kmw;ﬁﬁ
s Ol an g Jl 3 glas i8S 53 3 pd (ole
() ol Ok oo 51ty Seldl T ol e
=2l 53 e 3T GlaISb 5 by slas S 5 esliad s
STl (b sladly Can sl b s 5 g55slS
JUisl o e gl ls 13 Sl ks s Saelsl
L il oS ol 03Y pladie Sb= 3 o5 S slaoa VT
oS s 33500 Jelss cpl D) Cand s canlin sass
Lap le ol Sb= s (8L Ul (3lade 3 o
pLS 53 ol St s OF Jlasl 5 cdr g gla, 55
Ol (oS Dpsmoian Loy Sl 5 bap il pl 2l (s
S o b S adsi e 5 W p 50l pdiar L5
l_ap,;l_@ o=l ades 5halel o J xS gl Lol s e
O s b (Ll 5 slos s Ok 2 Jold) Jlasl Ol 5 e
o i e s e 5B o 5 8L el (S YL
AL b 5 JEl (iladds 3 5, el 1) el
LapilSe 51 G Gl b (0L Oy il S s
5 6L o ke (Sl (sl pSU 5l S p 4L
5 Sisdas 5 St bl gl ol S IS
G b 3l S pe SOy S dil o oS Sl S SIS
S b S s 8L sl 5 cls Ll e il
AR i 5 S Bk o)l 3 e SOl S s L
53 pelS Dl S S i b S 65500 L
Sl S (Ca?)Jshe pondS O ((1F) Sbt S5 L 4l

0

Sy e 4 RMSE s 4 s 0 OLES S
S das e DL s cnl el o3 e e 3550 AL
S e sl LS SO L anlie s 55 St Joe
et el atils St s (8L S 5 sty e
Sladde Lot 3,501 5 el (5 S a3l (6 SL as, oot
VS e Gl s s G SO S ol ly -0l
St ke 555 o0 aba=Sa 4S5 sbOles .ol ol 02l5 OLL
AL JLatl sy v 5l o Sl e S 52
35505 5 0dd (6 Sosll palis pu pd o s el azils
DL s il ool ¥ g 3 (58S sty oo 0l
e e (5 Sl slie G e 2 oS Aas s
Qpélﬂg&&Jml{QTombﬂﬂ}éﬁl{4;5)
aS S s Al e /A 5 0/AY 35 4B 5 A Sk
5SSk e oo 0l Sl ol G e S
B A laose gl S 55 e Lo sl 550 5

Las 0/44 5 0/AY (S S

(Mass Balance) s 2S'b JWsl jislajl s 3a Jdales
sdalie (6 8L Hldde 558 00 0dis 7 s 55 4S5, sb0les
VOIY s 5 4B s A S slal e s 2 Olaj o ol
S Ao 3 A Sl G g il 035 Ao 3 VF/Y
S i Ll .oul ol a3 S S s g5,
el 035 Ve L BB 5 A S e 53 el (5,51l
53 el e 3lgSS Lo U Sl o3 10 spus Soke w
S S fal i L 03 b s @ S

lasli 1y clS s s A


https://dor.isc.ac/dor/20.1001.1.24763594.1390.15.58.1.5
https://jstnar.iut.ac.ir/article-1-2045-fa.html

[ Downloaded from jstnar.iut.ac.ir on 2026-06-20 ]

[ DOR: 20.1001.1.24763594.1390.15.58.1.5 ]

VAo Dbty / odd 5 alomiy o)beud / o354 Ju/Ju,yif,u‘w,b@m,dwuso,a”p@

LS i etiasilias lg e anllas 3550 Sl glasls
Sam S0 pigben S, L e 5 ds Sl S
Ogw 93 a3 L;JSL g,_;‘:l.Lé_Qs\S;l; ol @L:.} Al
e 3 S st ) anl JUl laie 51 i Sles Sl
Aoss O/Y BN 51 s Ol s e sdalie 6,51
O 53 e SL do s VO 350> 55 s Sole g
el VL Led Ol 55 sdiasglis o s a3l Sl
.W'L;J:SQL;%VL;);MUMJJ_}AJ{M

E5 25 Vsl S ol 55 6 8L Gl 5l
L ¥/ey Cu\kilfijsw&asjfhél}ﬁéjﬁbd&
adlas 5,50 Sal oSl S5 ol 5y ¥/40 (log m™)
4:.-)3:))Aw)l‘léugwl.é;dl{jo_é;gﬁﬂ.u);.uljjdg
55 1 65U JUisl SuUl ey e 0556 5,8 )3
S 4 gt 5 il dal s ezl gl Sl
LSL‘“f}.:-"K‘ wan 53 S8 LMl jaa Lles S ey oS
dL«J?l_wJ_?‘}JJ\.D JPJ;{’?‘LJ\})J ngl'sla Lffu__yb
ekl by sy 4 b AL s ke 5 S
e S5 sbie 4 g iy Sladlae 355 e a5 1D L
Ao S (s bt slay S os JVL slag il
55 il 4630 s Tl 3 5 5L U1 5 Gl

1 Sl
Slid=s S 0 Agrosphere (ICG-4) avw e 53 Jagsy cpl
oo ol e e 3 ke A el O Jilich
o5 ool el > 45 Harry Vereeken 5 sl ol

})_.;vrﬂ J‘J)J_SJJ.KAL_?LJ_:J)AJ (5)[_3' bLA

et 5 e S G L b L eSS
S ol Gl e S sl s 008 L5
anlas Easn cpl 5l Ode sl e SISl 4 i S
53 iy sl g s i (6 S C BT 5 Uil oS
g el gLl Ll 5 o e s Sl S
23 S Ol S Sl Ol Sl w S L e
IS o Olye 4 SISl (S gla IS L b aslis
N s (2,8 i o 8 6,81 ol sl 3815 0L bl
SLs s 6,850 Gl 0o S 51 i Sl eslinad QG
Sl —olr gladie w3 S 5 e p s Sl
5y e 3yl Gl S 53 5 S ST S
215 LS s L eslinal S & e 53 ¢S ol
3 A e Sl 5 St ol ol Ji
Aol e sl e a ) Sl S s (8L i
L o/AY Sl 6,8 asy o 3,50 5 53 (B) die opl oS
IS ¢ e 53 68 CodlngS 5,50 s 53 5 /40
g o/AF U o/AS
RIITI S g3 Kt Juo a8 sls QLS ml e es
Sl die 5o il (68U sy e s 5l 6
3 g B V0L a5 ol LS 53 S
5 6Ll aS Il s s S e OF 5 d s
e SIS Sepl e s b mm YO 10T el
Sl S b s i peedS Ol S andlle 5550 slaS
e oS S ol Gl e s Gl e IS
5 g de S T el sl il e
Slo S a0l e ) O o (680 AS e Sl

2 SL Cdaly 5l s b cans S (,:.‘._XS

oalana! )40 c\&.a

1. Allison, L.E. and C. D. Moodie. 1965. Carbonates. PP. 1379-1396. In: Black, A. (Ed.), Methods of Soil Analysis.

Part 2, American Society of Agronomy, Madison.

2.Bradford, S. A., M. Bettahar, J. Siminek and M. Th. van Genuchten. 2004. Straining and attachment of colloids in
physically heterogeneous porous media. Vadose Zone J. 3: 384-394.

55


https://dor.isc.ac/dor/20.1001.1.24763594.1390.15.58.1.5
https://jstnar.iut.ac.ir/article-1-2045-fa.html

[ Downloaded from jstnar.iut.ac.ir on 2026-06-20 ]

[ DOR: 20.1001.1.24763594.1390.15.58.1.5 ]

v SSal gl s s S sbedn VT cslagSs 5 JUEH glud e

3.Brunninger B.M., D. M. S. Mano, I. Scheunert, and T. Langenbach. 1991. Mobility of the organochlorine compound
dicofol in soil promoted by Pseudomonas fluorescens. Ecotoxicol. and Environ. Safety, Environ. Res. B. 44:
154-159.

4.Chapman, H. D. 1965. Cation exchange capacity. PP. 891-900. In: Black, C.A. (Ed.), Methods of Soil Analysis. Part
2, Monogr. Ser., vol. 9. American Society of Agronomy, Madison, W1.

5.Drouinean, G. 1942. Dosage rapide du calcarire actif du sol: nouvelles donnees sur la separation et la nature des
fractions calcaires. Ann. Agron. 12: 441-450.

6. FAO/UNDP. 1972. Calcareous soils. Report of the Regional Seminar on Reclamation and Management of Calcareous
Soils. 27 Nov. -2 Dec. Cairo, Egypt.

7.Foppen, J. W. A. and J. F. Schijven. 2005. Transport of E. coli in columns of geochemically heterogeneous sediment.
Water Resour. 39: 3082-3088.

8.Foppen, J. W. A. and J. F. Schijven. 2006. Evaluation of data from the literature on the transport and survival of
Escherichia coli and thermotolerant coliforms in aquifers under saturated conditions. Water Res. 40: 401-426.

9.Foster, S. S. D. 2000. Groundwater resources at the turn of the millennium: taking stock and looking forward. In:
Sillo et al. (Eds.), Groundwater: Past Achievements and Future Challenges, Balkema, Rotterdam, The
Netherlands, ISBN 90 5809 159 7.

10. Frazier, C. S., R. C. Graham, P. J. Shouse, M. V. Yates and M. A. Anderson. 2002. A field study of water flow and
virus transport in weathered granitic bedrock. Vadose Zone J. 1: 113-124.

11. Frenkel, H., A. Hadas and W. A. Jury. 1978. The effect of salt precipitation and high sodium concentration on soil
hydraulic conductivity and water retention. Water Resour. Res. 14: 217-222.

12. Gargiulo, G., S. A. Bradford, J. Simunek, P. Ustohal, H. Vereecken and E. Klumpp. 2008. Bacteria transport and
deposition under unsaturated flow conditions: The role of water content and bacteria surface hydrophobicity.
Vadose Zone J. 7(2): 406-419.

13. Gould, W. D., C. Hagedorn, T. R. Bradinelli and R. M. Zablotwicz. 1985. New selective media for enumeration and
recovery of fluorescent pseudomonads from various habitats. Appl. and Environ. Microbiol. 49(1): 28-32.

14. Guber, A. K., D. R. Shelton and Ya. A. Pachepsky. 2005. Transport and retention of manure-borne coliforms in
undisturbed soil columns. Vadose Zone J. 4: 828-837.

15.Ho, G. E., R. A. Gibbs, K. Mathew and W. F. Parker. 1992. Groundwater Recharge of Sewage Effluent through
amended sand. Water Res. 26 (3): 285-293.

16. Howard, K. W. F. 2001. Polluted groundwater-deadly lessons from Walkerton, Ontario, Canada. PP. 521-525. In:
Seiler and Wohnlich (Eds.), New Approaches to Characterising Flow. Balkema Pub., Amsterdam.

17. Johnson, W. P, K. A. Blue, B. E. Logan and R. G. Arnold. 1995. Modeling bacterial detachment during transport
though porous media as a residence-time dependent process. Water Resour. Res. 31: 2649— 2658.

18. Klauth, P, R. Wilhelm, E. Klumpp, L. Poschen and J. Groeneweg. 2004. Enumeration of soil bacteria with the green
fluorescent nucleic acid dye Sytox green in the presence of soil particles. J. Microbiol. Methods 59: 189— 198.

19. Macler, B. A. and J. C. Merkle. 2000. Current knowledge on groundwater microbial pathogens and their control.
Hydrogeol. J. 8(1): 29—40.

20. Marquardt, D. W. 1963. An algorithm for least-squares estimation of nonlinear parameters. SIAM J. Appl. Math.
11:431-441.

21. McDowell-Boyer, L. M., J. R. Hunt and N. Sitar. 1986. Particle transport through porous media. Water Resour. Res.
22:1901-1921.

22.McLeod, M., J. Aislabie, J. Ryburn, A. McGill and M. Taylor. 2003. Microbial and chemical tracer movement
through two Southland soils, New Zealand. Aust. J. Soil Res. 41: 1163-1169.

23.McLeod, M., J. Aislabie, J. Ryburn, and A. McGill. 2004. Microbial and chemical tracer movement through
granular, ultic, and recent soils. N.Z. J. Agric. Res. 47: 557-563.

24. Nelson, R. E. 1982. Carbonate and gypsum. PP. 181-199. In: Page, A. L. (Ed.), Methods of Soil Analysis. American
Society of Agronomy, Madison, WI.

25.Pang, L., M. Macleod, J. Aislabie, J. Simunek, M. Close and R. Hector. 2008. Modeling transport of microbes in ten
undisturbed soils under effluent irrigation. Vadose Zone J. 7: (97-111).

26. Schijven, JI. and J. Siméinek. 2002. Kinetic modeling of virus transport at field scale. J. Contaminate Hydrol. 5 (1-2):
113-135.

27.Schlegel H. G. 1992. Allgemeine Mikrobologie. Georg Thieme Verlag, New York.

28.Scholl, M. A. and R. W. Harvey. 1992. Laboratory investigations on the role of sediment surface and groundwater
chemistry in transport of bacteria through a contaminated sandy aquifer. Environ. Sci. Technol. 26 (7): 1410-
1417.

29. Shelton, D. R., Y. A. Pachepsky, A. M. Sadeghi, W. L. Stout, J. S. Karns and W. J. Gburek. 2003. Release rates of
manure-borne coliform bacteria from data on leaching through stony soil. Vadose Zone J. 2: 34-39.

4%


https://dor.isc.ac/dor/20.1001.1.24763594.1390.15.58.1.5
https://jstnar.iut.ac.ir/article-1-2045-fa.html

[ Downloaded from jstnar.iut.ac.ir on 2026-06-20 ]

[ DOR: 20.1001.1.24763594.1390.15.58.1.5 ]

VAo Dbty / odd 5 alomiy o)beud / o354 Ju/Ju,yif,u‘w,b@m,dwuso,g”p@

30. Simunek, J., M. Sejna, H. Saito, M. Sakai and van M. TH. Genuchten. 2008. The HYDRUS-1D software package
for simulating the one-dimensional movement of water, heat, and multiple solutes in variably-saturated media,
Version 4.0x, Hydrus Series 3, Department of Environmental Sciences, University of California Riverside,
Riverside, CA, USA.

31. Smith, M. S., G. W. Thomas, R. E. White and D. Ritonga. 1985. Transport of Escherichia coli through intact and
disturbed soil columns. J. Environ. Quality 14: 87-91.

32. Somasundaran, P. and G. E. Agar. 1967. The zero point of charge of calcite. J. Colloid Interface Sci. 24: 433—440.

33. Toride, N., F. J. Leij and M. T. van Genuchten. 1999. The CXTFIT Code for Estimating Transport Parameters from
Laboratory or Field Tracer Experiments Version 2.1. Research Report, vol. 137. U.S. Salinity Laboratory,
Riverside, CA.

34, Tufenkji, N. 2007. Modeling microbial transport in porous media: Traditional approaches and recent developments.
Adv. Water Resour. 30: 1455-1469.

35.Unc, A. and M. J. Goss. 2004. Transport of bacteria from manure and protection of water resources. Appl. Soil Ecol.
25:1-18.

36. USDA Natural Resources Conservation Service. 1999. Soil taxonomy. A basic system of soil classification for
making and interpreting soil surveys. 2" ed., USDA. S.C.S. Agric. U. SW. Gov. Print office, Washington, DC.

37.Yao, K. M., M. T. Habibian and C. R. O’Melia. 1971. Water and wastewater filtration. Concepts and applications.
Environ. Sci. Technol. 5(11): 1105-1112.

A


https://dor.isc.ac/dor/20.1001.1.24763594.1390.15.58.1.5
https://jstnar.iut.ac.ir/article-1-2045-fa.html
http://www.tcpdf.org

