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Abstract

Bacteria attachment to soil is an important
component in bacteria transport models. The
objective of this study was to quantify the influence
of calcium carbonate on bacteria attachment and
detachment in calcareous soil. Consequently, 60
calcareous soil samples were collected from Central
Province and their bacteria (Escherichia coli)
adsorption isotherm, physical and chemical
properties were measured. Three types of
adsorption isotherms were evaluated. The results
indicated that linear isotherm leads to a better
prediction of bacteria attachment to calcareous soil
in comparison with the Freundlich and Langmuir
isotherms. A pedotransfer function was also derived
to predict the ky parameter of the linear isotherm
from soil particle size distribution and calcium
carbonate content. The attachment and detachment
of bacteria in three treatments of calcium carbonate
content (10, 21 and 37%) were tested in a
completely randomized design (CRD) with three
replications. According to the results, increasing
soil calcium carbonate content leads to enhanced
equilibrium and kinetic bacteria attachment
(p<0.05). Bacteria detachment also decreases by
increasing soil calcium carbonate (p<0.05).

Keywords:  Adsorption  isotherms, Bacteria
attachment and detachment, Calcareous soil,
Escherichia coli

* Corresponding author. E-mail Address: Mhomaee@modares.ac.ir

el ¥T Jlist sladue e Sl S 6 S ol
ol 31 Ode .l e 5 ST S IT 58 53 os S
rls 5 dr  oelS Ol S A A8 alae (Slag
Fooaldas bie s g (ST S s os S gl NT
i Gt oS e Okl SaT S I s
Ik 3 Sl o p Sl 5 ol (S0 s S s
pi25) i S o3Ikl &S glaki yas (Escherichia coli)
Sl piapl e sl Ol s W38 518 b5 3 se e
o 3l e 63557 eSOV 5 B Je 93 b aelie s Lot
Cdely g odem (Rags opl s syl L&T Sl 53 6,5
c]a.-ﬂM)}&éw,,WKCkQE)}éTd{BQSJK‘{
BT CWIRT b edS” Sl ST o33 YV 5 YY) Calises
sl s s W3S 5 sy dm St 5 o T s
VT Jols 5 it oo oS ST ylie 51 L &
2l e o530 mhaw 53 gl ol Al ol s S
8L Al (6 STl Sty eedST ST MRe 1L en

.:j)\:o;ywﬁbck.u:c;}w ;fi‘}

«(Escherichia coli) JS'Las &l (6 ;5L «ode- £ 533! HIYS RN .o
S Oy 6,8 ol ( ST STl



sl 45(2003) Jin 5 Zhuang s hash 53
soder o esedT gl STt 5L S o)
SLshyls a8 MS-250X174  (sla s 5 JUis!
S0 w531y s g o) S (s e el
iy p st JT AT 2y gl OT S1y5 &8
Ver 5¥F s S ol Ol s s S anlllas
S s 4 MS-2 5 DX174 la s g s
ik Jlab o b e dibE

Dly3 a8 sl 5Lt (1984) Guber a5y s
L s lie s e oYU pHpze (sl,ls 457 (sl
JL sl «STs b Ll 3 3 xS pHpze b S5
il 53 it 2 503 Ite (e
ls e p S (slags STl

5SS S5 a5 bt (S5 s S 3
226 SL Iy ol (oS b L e
Sl g e S G S s a1 5 e ST
05 p o Bl a5 5 0Dl Il a5 s STL
22Tl Sl S Ca b e oo palb
bl ¢ T osle Hldde 5 E5 o MR 5 £ 8 WS
L e S Jp o Gy Dy 5 S

(Lindqvist and Bengtsson, 1991; Jackson et al.,
1994; Schijven and Hassanizadeh, 2000; Abu-
Lail and Camesano, 2003; Guber et al., 2007,

Pachepsky et al., 2008 ).

Cilien (sla o 53 1) ST 4 g Son ol
3,5 alllan Ol oo slae 50 5 Sl O g ¢ (sleilay
e L (6 8L O sl o lailay sl 2 leST 55
e:jr_AA_!u;}_a}uJJ_B):ifl_é-ﬂu_::M
Ol 3l (b Doy s male 56 )3 (68T Zhale s i e
O sl g Sbale e n 3y e (5,8 051
sl 5o s LT O, b alie O, 5 s 6 STL
(=8 o, b) oS O Ay e piulasT alia

dod\do
i T (s Sen Lo VT I
23 A5 o ol s g s il
L S (5 2 255 Solons ol o ey (o
Sl 503,85 e S pldl b fio 51l oo
(Gebra, 1984; Lyd o)) T mlie Ss,IT
AV sy >=Mc Murry et al, 1998)
ST s OT o b Sleds Jaze lagssles
Cml 1355 la lao s, K a0 5 slaT
o~YU (Graun, 1991; Herwaldt et al, 1992)
S ol ol a3 ST b Sl ey Se b
Slojlbl & a5 ST b 5 ST ate o sl
25 o VT VL o b sy ST S 24
Gladsl b 5 | o5 ol JSCin alols ol s Ll
23 Las S 0 J 8 5l (JUESH oS
(Macler 1996; dSled s atlis wys au S
.Yates and Jury, 1996; Yan et al., 2000)

sl L5 (1992) Harvey 5 Scholl i La 3T =l
5148 Sl 4 Arthrobacter sp. s ;SU Cde oS
(T g b 1S O3 5 ST K 1oy Ko
s Foppen o ea 3l La G mbow 5L 4 gsf\m
o Ml il 6 SL Ode O je (2005) Schijven
oAy L D3 s 5518 ot D5 Jels Sl
L (Ui o3V or L5 0) cdS 5 o8
e a3 L sl 0L gl s S g -8 o5l
33l5n LOT eba b 487 CodS 5 o658 Gl IS
Al 5 6T e Ol el i 5L
s (T e 5 (Tl Ml 3 o o
b Saaba s Sl b3y a8 e 0f Sty
A e T KT (a5 el

Ailesls S g;lfl.:‘:..lj&l

VAS Suly oJslesled ida Jlo aass asle
ENVIRONMENTAL SCIENCES Vol.8, No.1, Autumn 2011

CRAS |



i e p 5l

S=K,C ")

05 r g eds Sl STl sl (S OT s o
sASLCLlCsn55 o 4 Ki (CFU gh s
el (CFUML™) J ghoes 36 55

polie S D3l 5 6 SLp s ars b
03 53 el 0dd S8 Ko 51 (5 sline
Kj ;! 5sliwe slas Lindqvist and Enfield (1992)
Cmdy b ST 4y Cadides s STL O (6l
Entrobacter (s ;S aw ), O, Kings cpl sy sT
A ,slas 5 5 4 Pseudomonas s Bacilus sp. sp.
m) @S i en 2,557 ey (ML gY 510
Se daly S1y3 ks LKy Hldie o5 sls Ol zass
S3 by /F s V¥ N0 pslie o 5 4 LOT .yl
e ke VB /0 5 /DG /YO /YOG /Y s L
L3y ks

od> (2002) 0, Kan s Ling ;s hass o
Aoy ¥0) ' s ol SLaeS s o 1, Eocoli s S
38 (s 1 (s 4053 VF) (e o) 5 ()
Gy o5 4y MYME 5\ YVME sl O, Kiags
L3581 ey Sl o 5 ) ) SaST

1(1918)  5a8SY p 35551
— SmaxKC

~1+KC
):ng:fl_[gi_-g-g_:éjbjﬁfU}cSmaxﬁ)T):S

Syl &S Sl b (6,140 K 5 (CFU g') el 5

*)

Ol slad s S5 5l a¥ &Gl ol ST
5 Ulaline ol el pla ol D3l o
spmsedd ool Gad S pe o (ASen 65

.J)‘-U

S 0155 e 08T LT a s ge 6,8 0510
OB o)l 4 aS plag ST Hae 5 04 Jleb e
Cbale il Cda uuT 3 555 S dcbee |y L o
j|w._4b|¢4%liwj~al50bjl{dbjlé): $SL
S gladais 53 .y oo Sl Hlie &K @ o ST ke
dujmlq-)'lé);g;fl{gwm};&glj Sy
s o A g AL Dol AT e S
Calies sl 255 55 . (ST Ll (T s
s 3l 4 Oy Ol § 1 S sline slidn
odcd i3S aids e 58 O Ol cpl ol oe]
.(Tylor et al., 1981; Bales et al, 1991; <.l

Gantzer et al., 1994)

PO L SIS Cd o L DYk

Sldiloy halo3T
(\)u;w;w_\;ugi?bﬁj.:,;&;l{yrﬁ
Lf}"'¢‘ﬁ:£°“ff4"3l’“gﬁ‘|)54‘§g5‘6jﬁ.

C, =0C+p,S+O0u,C+p usS (V)

dc
dt

L=0 )

0 (CFUmML") ¢, SL JS cble G 0T j5 <
sl 3B 0ds JW e w5 @ g 5 1y L)
Py (CFU g) dal> 5L 53 o S Cbale S el

"L":'L'QS‘ (ML_3) Sl LSJAU’ °}.'J ff'

() Pl ol 53 oS ol Jluis
" oSN 5 ¢ (1926) * iy 5 (e o (slop 55!
(Yates et al., 1987) sl 5,57 » L5 (1918)

VAS Suly oJslesled ida Jlo aass asle
ENVIRONMENTAL SCIENCES Vol.8, No.1, Autumn 2011

mom



codsgSLoLkleS; (ML_3) Sl g pl
Fr s Kaer 5 Koyt Al s (NL'3) SSLs
Olaj £ 5(T') &S Sly3 51 6 S lderly 5 e
il
Cble glasley Jisla)T 3 as ool |ds as
0355 0L 5 (D) Hlasl eyl g3 5l Sl E 55
St 5Ly pl L s, S i o Ol g e (V)
Olsie lr Sk s AL dold Cdr 4 0wy 51 S
il ) S 65U cdr bl e L
5L 53 (S ot Jlsd e s (ko) STl 1 (6 ST
oSS Olaj Dods 533,85 Ol () sl 5 () e
AL O Jleb 8 355 o0 5 b csliloy T
i Cmal as ol s () dal 5 (1) el s

Hb)'&k.fﬁ o.ﬁl.w J._r") J&.:, 4-! (V) 3 (9) Qy.ﬁl;u

9C, Py 35 _ W
ot 0 ot

9Pu 08 _p o %Poy g @
00 ot 00
4_A|}>'-J_U'J§H':,4_!(‘\)j(/\)4_‘:la.»u_gl>dd_>-

(Schjiven and Hassanizadeh, 2000) s

Ky — exp[— (katt + kdet)t]
katt + kdet

Mool 1) ¢SCaT i3 0 51 s U slacS's

S13E elel » (USDA, 1999) uy & SaT oSl

LS 5l do ;s 70 s5a= Sl 5L 5 Ll Objle

C=C, )

555 (FAO/UNDP, 1972) acsl o SaT 0l
Sl Silyd g9, 2 (CaCoOs) F“KQL:{;L;Lauﬁ
051 S 5 i slae3Il 5 eSSl ST sl sk
$Sistaas 5 Sis bl glacSs gla S5 s
Lol S 51 e 1 ol 3 5ok slge Lo gas ol
S 338 o S 50 8 ol 5 T 5 A

I, E.coli ¢ 55U wdo (2005) O, Ses s Guber
s o pd s DL L 5,5lS oS o
A0l 13 andllas 3540 als 38 (S IS N3 O
355 A5 IS D)3 O3 O il s 53 S
5 ot G5 S D3 Lol en 5 et e el
3,5 o S5 SN Sl sl asle |
AS 5Ll BLsT Al 3 6L oder lukie o 2t
25 12255 SIS D)3 b (6 STL O srilie g

(1926) s p ¢ 55T

S=K,C'" ®)

ML@@JPJLSL“J;“)QHJ ng’)T)JAf

360 QA i o > DYl
Slailowy wlo3T
25k S 5 (6 S O il s Sllay S le5T o
95 e 3 5 STl e by ad Dol 4 ST
) 3PS a5 S o g d e 33 L OIS
ad o 53 diS e dsb 4 ol Ol e duT 3 gs
4S54 n 031 JLST Al a4 (5 STL Ul
,;p;w,»,g.;,_;zwaf o Jas! " - ass
gl 2 6L (S5 5 bt GBS o8 p an
Bsh o IS g s b el
Sl 53 6 SIS 5 o (S S dsles
S0k 25 SE 4 Olge
oC py0S_ po°C_ aC

- Ve @
ot 0 ot of Loz M

s 0S o Poy

20 E‘ att 20 detS = HsPpS V)

L(NL_3) dl_ajl_é):dj:fl{(;ﬁlbcg'ﬂ):s\f
o7 sdin s v [PT™) jlist oy s D

23 erT Po ‘(L3L_3) JS JH 6 ‘(LT_])

VAS Suly oJslesled ida Jlo aass asle
ENVIRONMENTAL SCIENCES Vol.8, No.1, Autumn 2011

mYm



4t (ACCE) JLsé o ulS” s S 5 (1965) Moodie

1942) (55T NG ST g,
S G558 dals b b i s g S eIl

«(Drouinean,

(NaOAC) s Sl b La0y 558" 1> L (CEC)
N L;J:fe,w.m (Chapman, 1965) A/d Jslxs pH >
Ol 1) S SU s 5 plosl JS a i
S e 55 Ll o jlas 53 (gl
o Il 3 S ol sy a2
N3 s 350 T (03 80 ST Laslis Ol e
el ATCC25922 3,1kl 45 goo 31 5 shite sy .25 S
o3l sl 51 ISty 3l o ST s eslinl 6 STL
AL ol ol (e p 8 5 (5598 e ST 3
AL s kv um 5 s by um Uy
Jisd ;o s 2 5 (e mlaw L s 4 (IS S5
$b¢§u,;|,@‘yj_b6ﬁm¢_w|,;ur_<o.m
e 3 ol i OT 53 0T Jade 5 i a LS
35 54T Gas s Ol 4 0T Sl el il
by oS AT s 5 e o3linal OT
das e 0L eds 5,18 (1975) O1,8s 5 Gebra
53 0e B0 31 i Sl 535 JSLsy 8l 6 ST oS
AL o (SO s s e p5 T
S 1A Oppmilpuiges Splme 46 5
&S L ATCC25922 35kl 4y 5w 51 G4 IS
23 Cela TP Sde 4" (gl Jaome s JSLy 4
G s i 0305 iy S 5l a3 ¥V (gles
51 aiss0 e 4 A G s 53 s Sla 5l eslizal L
330 I (6 ST OT 51 ey ok o (gdie Laoes
A 01> gizd jY 50 /N0 s 4y ST o L 45 e
T s Ve LI b (ST O gl g J s
58 IS 318 sl a3 B gles 55 Jlous ol

OLLs .3 8 15 eslinul 5y 40 Calibes latlejT s

St S AL L5 LT ST s eds o saoly S
S e 0 e LS 3585 Sleel 4 o&5T )
Lol s =l S ety Tp opl (bois 8
S el Dl Sl or g ST e o)l
2SS LIl e st 3,6 51 il 5
0|33 53 el Dl S gy 1L IS 2L ST
«(Frenkel et al., 1978) LaoT ,has a5 5 &Sl dols
22 S DL S G Dline ebaw Ol (655
O 5= (USDA, NRCS, 1999) &St ol 3 L dcu s
SLas SL (oo 5L 2211 (Ca™) Jglons olS
S Jlome S50 D58 Bl i ot 5 e 0 S
S Ohyd an Lagg S ol odir Sl 8l
25t

ST ST ol Carwy 4 495 b ol ply
9 i i FUT ol o (o0 ailllro Ol 50
ol (S99 40 S 55 S

Sl ST AL (oo adllls hags opl ol Shal
i e S S il s ol S
Juoe op g e 5 ST GlaeST s ISTLas al
SSAT S 3 68U ol oS5 0 555!

]

by 3y 9 g0
55 m Ol ST sl ) ailate 1 SLs $0 slaws
) s ek v_{AT SlacSl i (6,15 pd el
.45 ,ls 41,8 Cacixerollic Xerochrepts d?)ﬁ obf
Y Sl Ous ¢S a5l o ¢S slads sas
J})A_ls:)b.ﬁ e)|..l._'| @)}: R ) LSJ—-"'“gﬁ—L:‘
37 OsmlbenSTl Ggy 0 JT p ST Hldie (5 e,
ldis (Nelson, 1982) oslaws r.:JyTjjé L O ganl 25

sAllison 34, 4 (CCE) Jslss V*_“K ol S

VAS Suly oJslesled ida Jlo aass asle
ENVIRONMENTAL SCIENCES Vol.8, No.1, Autumn 2011

mVnm



Pl 5SS b e St JileST (ST 500
JrS halesT 680 ST 4 gai o sl i pon
s a4 S L s

2 AL Bl e Gl 18 L olew
Sy o=l o i eslamal e iy Aoled gy 3 gloes
G55 p3Y Oljmr 4 6 STL O sl v Jloes 2
45 gai 31 s /) g i Sy Sleslimal L 5 ods
s et 05551 Gt Lo (65 0t )
2 Celw Y Sl el s osls ST (EMB)
3155 Sl a3 ¥V (glos 5 (5L SN Ay Lo
4 EMB &S s 53 E. coil 6 ;S s o3l
o 2 g oo oalie (g3 (D b hiy (ST S e
S SLsla IS pold sl = s SL s
G S sl s eslizal ST 0y let i s oKaws
S Jshw JS ol Gy 8 51 STl 4 ods Gl
5L paedd Goled 6 S 1Sl a4 ol aslsl ad
3650 Sl s s S5k Sl I ey e
At 0 A L el s s
A3 0Ly (CFU/g) &S 5 ;5 IS 5(CFU/MmL)

(Lo it o555 055 e i 10BIS (05310
W sesT cpldl ) oilu so yima i |y (53 S0 55T
Ryan ) dwa Hl giwl Lassls @53: 039 Jbo i sl
sla S5 3T N sy ol Sl (et al, 1994
S eslizal Ly Jie o sla byl 5 0ds (g -8 o5l
S5l el 31y 8 S5l 035 J s 05037
s olizul Laesls Lo 5 4 325 (gl » SPSS

QA9 9 D= L glsly o
s Bl ol o5l slaadslas gla ll
S o 3 S e e Sla e e Jilo
S s =8 5SS s b e
Sy (1) sl ol 5 o 5 5 sl el

sles 5o b ilesT selas iy opl 3 a8 Sl S5
3 et L plonit 518 Sl w55 Fods J S
TS I SRT IS FORVAL R i P
OO Bl U O il g sl sl
Lkd 45 (CFUML) 2 o 55 5 ,SUY " 500
O GL Jol Dde Sl alosT

Idous 2l ha Ve 5 Sistlpn S5 0 S ¥ 15
(1) o) patein CBIE L (6L O il g
Ol 4 45 god bl L) (g 1) L b0 55 mle A
S\l (81 o 8 SSE WA 53 5 42554
033 53 Laad J el 56 51 mle 56 5 5 50 s ST

Ogad a6l Ll [ ek Sl 4dB3 0 Sl 4 A G

A\.

s el 1SS e L (ol e i lejT oS
23 8 lasT 680 &S a2 ol s
Sl S AR e s a5 () o
p5d Sl L ST g a6 ST ol o S
S LB et s (S sl Shs S
Mol S™ b LB 53 SrolesT ol bils Sl ezl
3 pelS STV UYL e a5 ol
Daa3T b b Sole dglie i plowil 51 S5 4
A8 el Lo )3 0 Jlaz | o Sl
O G i it Sldiloy losT
JENEWS P jifl_;rj_fv SlaT ol s i
2SN Sl U (6L 0 il s J s
s LSl g i S 00 gk sle d VA w2 L
Sl ol 3 5 L enls 1,5 i 55 Lads gl
INERCITINUORIUEE DV DI R 2O UL D08
ol 5 5l mle 5B 53 550 6 STL (S5l sl
A S ey il 42850 Dde 4 A G e Ho ad

VAS Suly oJslesled ida Jlo aass asle
ENVIRONMENTAL SCIENCES Vol.8, No.1, Autumn 2011

mAm



I PSR S NS RN 3 568 5 ke e

(Homaee and Farrokhian Firouzi, 2008)

oW
e S glat 5 (Kb b Shs F
48 5ls DL gl Sl ok w51 (1) g 3 anlllas
YO SIS Jlb podS Sl 87 jltie ol
GlasS s T S jldie B b il 035ty
.@h;xrfjlww&.u)y

(b o p gl s e ey ol o
AL o On 3557 2 6l 59KV 5 s
b oslizal (ST slacSTs s Lty 51 e p 8
ged 53 5L ol e Ol 5 S0k s
I 53 (&Sl O9) 287 4 5es 5 SAT slaeS s
SIie desloes () J 287 & ge5 ) Sl 0l 03,57 (Y)

Lyl o 53 6 SL 0 b b 5 e 5 5 e

Doy d ode sadde sla el )l s eslina J‘-LL‘)T

e eyl Hlas T s 4 U Sl e 5l

33T e Sl il 235 4 85T e sladt

S S 3erlS aali 0 i Sl it iy AT
.5 eslawwl Mathematica

Wi e 12 120 Sl S (215

5 258N (b Ol gladis 1S jp Lo

Lt i nikin 80U (sLomo LT 1 it b

(GSDER) a5 i gkt jlne 3l il 5 (GMER)

1l eslanwd
1 <n
GMER= exp(—zA 1ln(gi)) Oy
n=r=r
C
g, = P \Y)
C,

n—

GSDER = exp [[

%
> [in(e,)- In(GMER)] j }

(V)
seddnyl mcble Co 5 aChi 5Cy 0T jo &S
3 GMER ;35U . disb o 6 S odis (5,50l
Sie s JolS BLLl me 4u SO ol s GSDER
GMER lacia .ol 0t 3,91 1 50l (g -5 o310

RSP PURE. i PR Vg 1L AR gt W I L

ST Gl god 0k (5,8 0311 (S0 5 5 ol o S5y ST 5 Pilas (ka1 S

oSk Sl sl S Fhy
ga/. ¥ Vo Y () oo
o/ \E VY () Show
10 V4 VY ()
YY TAx oA 1) ST ep S
YF/\Y ¥a/A A (1) dlan ooudS™ Ly 57
VA/VY ) \KVALN (1) Jb oodS” Ly 57
VIAA N¥ i (pLst J) 4z ol
V/F Y74 V/5Y (dSm™) S Sl ls
/Y Vo/4 ), (emolkg') 5558 sl os b

VAS Suly oJslesled ida Jlo aass asle
ENVIRONMENTAL SCIENCES Vol.8, No.1, Autumn 2011

mYim



5 j 4o ks Jis 5|~ GSDRE 5 GMRE o ,LsT
S I 3.l os s ¥ Y BN 5V CA G /FA
(A LLS slacble 5o mdUy b Cda 55
Ol Jde ol asls 68U Ol I g (63,57
23 AL o 3557 5315 S o 508 2 5o SV
Sl p Sl s e OLLS Lal Ble aals slas
S gl odis 35T 1 5ol (5,8 o3Il S L
QMT(\)J@);VT,KQL;{;M);Y\ L SaT
Sl S5l b e b oS 48 Oles
i 3 ;K5 e 93 4 o 6 e 08T 1

Syl eS ol 5 6 S

SRR CL.J Aol 51,1 (F) Jgda 53 Ll
ol Jde S sl oL @L:J ol 0T (F) J g
ol S e 6357 S Je 55 L alie s Lot
S (F Jto) ol anils SaT oSl 55 6,57
o LT 53 0ud auloue i 5lie oS 3 05 1) 3,57 5 o
GMER ,ldis .43l & b il 0T GSDRE 5 GMRE
OLs GMERSI Hldde 5 2w 3597 o edias Olii>1
el 0 (5 8 051 Slkie 1 508 et oS
3551 el ples s ot Ol Je mls b

95 Ol et e Conl ails (6 STL Cde (6

andllan 5550 ST ST 5 6 5L o Glme Ol il 1) (Sl —Y 9>

AL ol il JAS 45 53 6 S 2hle S AL adsl ke
(CFU/g) (CFU/mL) ( CFU/mL)
YxY A ¥/Ex)
(Eroxy ")

v/50x)+° £/rxy el /0% "
(Erexy ")

YxY e A ¥rxy e
Erxy)

¥/exy e ¥/ax) e Fx)eY
Erxy)

£y F/AXY oxy
@E¥/axy:)

alllan 350 ST SlaeSTl 3 eduls 5 oo ol sladis sla el Sk =Y J9ue

oS LY Jute
O/FA Ky s
Y44A/0 ke s b
\/0Y nr
Y%\ " IS J.l_,agfy
F/FT) K

VAS Suly oJslesled ida Jlo aass asle
ENVIRONMENTAL SCIENCES Vol.8, No.1, Autumn 2011

R |



oSSl w55 e ! oleT (0) Jydor > LSl S oy g s b ot SO S w3l
"L B bt 5 (S sl Sha S pbpd 3L

o) bt Slas o s Ol ezl SLS

Wl ol 03l 0L () Sy aeS s ol Sl
23 Ay pa STl a3 (6 ST e e S0k

R o..l.aT (9) dj..b-

L_;J:fl;.o},d\?w}wL,'o.l:.éuL_;Lac.lélfc):‘_;jfl{gu'\g-)\u\.&a:)}Tﬁ):}irii\lj'C;x}}gdla:‘-fjjﬁ\uwl.&a—f Jou=>

GSDRE GMRE G AT Ogmilwgu Calé
255Y &g e 208Y | RS | e (CFU/mL)
VAV /oA Y/ YEV/TY Y/ V/AA ¥/¥x)
1714 \/V$ \/OV AN A+ O v /44 Fxy 8
V110 \/$Y \/FY 141/54 F/AF /4 A ¥/¥x)
AAS \/F$ 1/ OY/YF /Y /EA F/axy s
\O/F4 V/ oY V/ 14/+ ) LY LY F/Ax)

1 1.00E+09 -

- 1.00E+08

\?; 1.00E+07 Freundlich

2 LOOE+0G eweeeeeeees Linear

A LO0E+05 - — — Langmuier

4 LO0E+04 4 @ Observed

4 L.O0E+03 4

‘}3 1.00E+02 -

2 LOOE+01 -

.')vl“ J--UUE"'UU i1 opinnil (Rt iodd il i1 il RN ERTI] io1oiiaiil iodiiiniil idoiianiil iodiiaiii
Y S =z & 3 =T &8 g 3 = g
9 & & & un & & i & i &

Eomli .l i PR el e LR
l_’.__. J._.aJ-J.«.,]C:.n FLRt ;J__.Ll,._,_"'l.x.ﬁ

J"ér':“‘lf‘:‘tf;“\'é):‘\b,;&Ta{l"'s‘}f""L‘L":)}T}f}""u’sﬁf"}"‘u‘sﬁt‘,“—f‘l’ff):’-}).:’.‘_‘ JS&

ST (Gl god 0k (6,8 0311 (S5 5 ol o S5 ST 5 Pilas (Sl —0 S

() Sl (Y) S (V) S S S
/YN YO TAY 1) ST oS

¥4 Y s (1) Jslan oulS” S S

vV AR Ve (1) Jb oodS™ DLy 7
V/AA V/A v/5 (pLst J) a !

Y/ \/¥ VIAY (dSm™) S Sl las

VAS Suly oJslesled ida Jlo aass asle
ENVIRONMENTAL SCIENCES Vol.8, No.1, Autumn 2011

CRAN |




100
90 -

------- 10% CaC03

30 =-—==21% CaC03

60 -
50
40
30 -
20 -
10 -

0 L1l

s Pl g Aoy

70 % CaC
37% CaC03 i

0.0001 0.001

0.01

0.1 1

(s R Y (-
S N PR S HIF

_5;;L,as>bl§c,bﬁwua“)yefl,‘-cﬂuc;\)sa;\x\@;yw—rJ.Q

Jlab oendS DS o3 TV VY Ve LSl a3 ST Dl Kl -F J 9o

by STV eedS DL ST | ST L STUN @40 53 g SL L Aol cbls
V"“lf (CFU/g) (CFU/g) J ;5 0 ,fb

(CFU/g) (CFU/mL) ( CFU/mL)
¥/erxyet v/axy. " YAExY ATAIN ¥/Ex) e
/0% 8 ¥vxy© v/ex) e’ £/rxy 8 F/ox)
Y/ayxy.” v/exy Yoy AT ¥rxy
¥/OAX) ¥xy Y ATZ AN ¥/axy e £y
F/Ex) ) £y ¥ASxY F/AXY oxy

(Somasundaran and Agar, 1967; Foppen and
slacS s avdul Hlaas 3,k 51 Schijven, 2005)

Ll 5 ol s ol sl e V/A B V/F aalllas 5, 50
aolllan ) pe ST 53 el Ol S G ke
Jowe pH 1 i pHpze (GUS™ ol 15 Sl Soe
DLl el DL ST MR 2T by o)l ST
S i ol Gl m el e (e
ol a5 (Lol i b ,U sl)ls 45" E.coli

]

QL;{;JML ol sl olas J‘-LL‘)TJN CLL:;

(Y .l_,l.Lu_a ol ngzfl_, u..b- sldas deﬁx
)J./.Y\ ‘5./.\' C}Ja_wu:_r&j.'sl_rub )|.qu Q)Uﬁ
CJJL“'CJ:‘IJLS‘L’)""’JTJ)L’@”M)"OCE“
ol sl J_:.\.s .:}{)Lﬁsbu'/.b CLJJ'KVVJ'/Y\
bifl;—&&b;ﬂ@&\;\lggﬁbub
G L ol @l G ol GBlse 5L 53 015 s

VAS Suly oJslesled ida Jlo aass asle
ENVIRONMENTAL SCIENCES Vol.8, No.1, Autumn 2011

CRAN |



aw 5> (kier) 6 SG darly 5 () od sla el
@_l_:;.g;_.ﬂh.x_.:ujﬂ(v)JJA_?-);J_EJ;)}ASB
DRI (Ka) (8 S o St 538 5l 03
o) 5 e I S Jleb ST Dl Sl
LS o er el Sl e 10530 o 55
Er el odST DL ST e 5151 L oS ks 0L
o=l ol e EalST &S 6 STl (Kger) ol
Y sV lasles o 6,5 L odly ralS e
S a3 0 CL):JMVTKQL‘.{;M):
Sl Ao 3 YV YY) lasles a8 Il s s
(F) Ui . dsls OLis dsy3 0 e 53 S ul3 ne
3557 5 0ds (6 8 o3Il o Szt gla e
ST DLy ST el mha an b oS (gl 5 0
;’;J\_?-‘\Su.sv_» OLas b gote ol s o OLES

ol oy S35 4 B3 Al ey b8 (6 ,STL

:“] L.0E+09
1.0E+08

) LOE+07

1.0E+D6

=]
2 10E+05
3

- = = 10% CaCo3
e 21% Cacos

37% CaCo3

AL ol ) G () JSt s
NUPSIN 205 A I DR U IR SN TR I S IRY
salin &7 (5 5b Olan .l 0ol Jlnb dS” S S
YV o 55 6 SL i g D3l 35 e
sl o g B ST L S e
1 o lesT om) i it s Lo 3T
sl Saw 5 IS Ol S A E )
%3y gale op s S plonil ST 4 (6 STL
s sl Sy as e sl LS
Izl 55 .03 8 bl el odeT (0) Jsdr o less
Gl m Ukier s ka Jolis (1) adsles sloa ol y
Slaesls &y =8 5P NSS4 s b
F o SLa bl e ST iy o (6, S o 510
i 53 6 S (Kger) ity 5 () o oSz
;,ydwrr.if;;u{;uﬁrvjm AR

pbe (Sl gl s S 515 i

1.0E+02 T 1 I I W T I 81 T T 0 W T T N AW T 1Y I M W WA T

”L 1.0E+04

A L.OE+03

“

4

") = = 2

o s 1 1
(NN} L L
= = =
— — —

e ' it
P Tl A2

LOE+05
& 1.0E+06
B 1.0e+07
LOE+08
LOE+09

“ta
o

oS DS A 3 TV 5 YY A L ST sl (ST e 7l ke - S

VAS Suly oJslesled ida Jlo aass asle
ENVIRONMENTAL SCIENCES Vol.8, No.1, Autumn 2011

TR |



ALy 5 odr oK (sla el o SKe alie=Y J9ier

Kt K (1) S Jlab oS S 87 Ik
N Ys AL ).
e ey? V/HYAR Y
eeeyy? VY YYE 8%

i 513 Gn A )3 0 o 53 SSls 0 a3T a5 1S e Cop o (115 Sl Silen L3 O g2 a3

C/C0 + Measured-10% CaC03

Predicted-10% CaC03

ZICO
¢ Measured-21% CaC03

Predicted-21% CaC03

0.9
0.8
0.7
0.6
cico 0.5
0.4
0.3
0.2
0.1 * &

+ Measured-37% CaCO3
——Predicted-37% CaC03

VKQQ;M):“V}V\L\' ga{u.ué\jﬂu;)ﬂﬁ}au\;sﬂfg\x\a@g&_;u_;a;a—'fJ.Q

WAL Suly (Jl eoled piid e s ‘Aj—l—c
ENVIRONMENTAL SCIENCES Vol.8, No.1, Autumn 2011

mm




Sl S G e el a5 L ol
sl L alin 3 Spline o (65,51 Ly eelS

SAL Gl 5 G5 M A5 e S s SIS
Al adls OT pla g9 Sn (So T 228

Loy 2
1-Attachment
2-Hydrophobic heterogeneity
3-The pH of zero net surface charge (pHpzc)
4-Batch experiment
5-Freundlich isotherm
6-Langmuir isotherm
7-Clay Loam
8-Nutrient broth
&b
Abu-Lail N.I. and T.A. Camesano (2003). Role
of lipopolysaccharides in the adhesion,
retention, and transport of Escherichia coli
JM109. Environment Science Technology,

37:2173-2183.

Allison, F.E. and C.D. Moodie (1965).
Carbonates. In: Black, A. (Ed.), Methods of
Soil Analysis: Part 2. pp. 1379-1396.

Madison, American Society of Agronomy.

Bales, R.C., S.R. Hinkle, T.W. Kroeger and K.
Stocking (1991). Bacteriophage adsorption
during transport through porous media:
chemical perturbations and reversibility.
Environment Science Technology, 25: 2088—

2095.

Chapman, H.D. (1965). Cation exchange
capacity. In: Black, C.A. (Ed.), Methods of
Soil Analysis: Part 2. pp. 891-900. Madison,

American Society of Agronomy.

oy

P S ol e gla, STE gluls

5 b DT plie S 0T L o 6l 1 S

315 el s ¢ bli (Gladal  dnm g5 3 e 25

S e gl sS B der SIS IS Ol S

A7 sls OLE Jhagl ol gl il e (ST JUSH

S e S ST L S e 1 SIL

S o ks GRIBIE. coli ke 8 (s S,

e 3Ll SaT ek 0 8 o oS skt S

e IR 6 STL RV Rl Bl As Ol

AL 5 Y a Al S S Ol S

S oS DS PHpsc j e ack Ll 55 -
Sl ke VA BB e ol oL
Slaailas )50 SaT GlaeS = pH Hldia ¢ 5 b
b 5L Ll s ol s 10U L e AJF L V/F
Sl Bl 5 Coie ST o dS Ol ST SIS
el i p B S

S shyls 53 ,a B coli g S 5 S Soly3 Y
o el s O (BB SNl (e
P i en 5 S e (e 5L O (2
SIS I L sk o ST dsle S )8
Ol bl S SIS g5 Y Sl Jglos s
Al A Sl G mha a5 6 STL
S Olyd e 0 gloslll o @ SL ol ol
SLas g o o lasdils slag s oS 550 o0 S5
e L 5 ekeT 36 oS s (Sl 2SI
Ssh e S Oy

R HU S s e S DLy S Y
j;)bsg,-m@,:,uusuvs_}géujb
oo 1y 6 SL Jsl 5 Ol o 505 STl bl

s a3 LS

VAS Suly oJslesled ida Jlo aass asle
ENVIRONMENTAL SCIENCES Vol.8, No.1, Autumn 2011

mYom



survival of the adsorbed virus. Environment

Technology, 15: 271-278.

Gargiulo, G., S. Bradford, J. Simunek, P. Ustohal,
H. Vereecken and E. Klumpp (2007). Bacteria
transport and deposition under unsaturated
conditions: The role of the matrix grain size
and the role of the matrix grain size and the

surface Journal of

bacteria protein.

Contaminant Hydrology, 92: 255-273.

Gerba, C.P. (1984). Applied and theoretical
aspects of virus adsorption to surfaces.

Advance Applied Microbiology, 30: 133—168.

Gerba, C.P. (1985). Microbial contamination of
the subsuraface. In: Ward, C.H., Giger, W.,
McCarty, P.L. (Eds.), Groundwater Quality. New

York: Wiley.

Gerba, C.P. and G.E. Schaiberger (1975). Effect
of particulates on virus survival in seawater.
Journal of Water Pollutant Control Fed., 47:
93-103.

Graun, G.F. (1991). Causes of waterborne
outbreaks in the United States. Water Science

Technology, 24: 17-20.

Guber, A.K., D.R. Shelton and Ya. A. Pachepsky
(2005). Effect of Manure on Escherichia coli
Attachment to Soil. Journal of Environment

Quality, 34: 2086-2090.

Guber A.K., Y.A. Pachepsky, D.R. Shelton and
0. Yu (2007). Effect of bovine manure on

Chen, G. and K. Strevett (2001). Impact of surface
thermodynamics on bacterial transport.

Environment Microbiology, 3: 237-245.

Drouinean, G. (1942). Dosage rapide du calcarire
actif du sol: nouvelles donnees sur la
separation et la nature des fractions calcaires.

Ann. Agronomy, 12: 441-450.

FAO/UNDP (1972). Calcareous soils. Report of
the regional seminar on reclamation and
management of calcareous soils. 27 Nov.-2

Dec. Cairo, Egypt.

Foppen, J.W.A. and J.F. Schijven (2005).
Transport of E.coli in columns of
geochemically heterogeneous sediment.

Water Resources, 39: 3082-3088.

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  Resources

Research, 14: 217-222.

Freundlich, H. (1926). Colloid and capillary

chemistry. London: Methuen.

Gannon, J., U. Mingelgrin, M. Alexander and
R.J. Wagenet (1991). Bacterial transport
through nonhomogenous soil. Soil Biology

Biochemical, 23:1155-1160.

Gantzer, C., F. Quignon and L. Schwartzbrod
(1994). Poliovirus—1 adsorption onto and

desorption from montmorillonite in seawater,

WAL Suly (Jl eoled piid e s ‘Aj—l—c
ENVIRONMENTAL SCIENCES Vol.8, No.1, Autumn 2011

el



Lindgvist, R. and G. Bengtsson (1991). Dispersal
dynamics in ground water bacteria. Microbial
Ecology, 21:49-71.

Lindgvist, R. and C.G. Enfield (1992). Cell
density and non-equilibrium sorption effects
on bacterial dispersal in groundwater

microcosms. Microbial Ecology, 24(1): 25-41.

Ling, T.Y., E.C. Achberger, C.M. Drapcho and
R.C.  Bengston (2002).  Quantifying
adsorption of an indicator bacteria in a soil
water system. Trans. ASAE, 45(3): 669-674.

Macler, B.A. (1996). Developing the Ground
Water Disinfection Rule.
American Water Works. Assoc, 88: 47-55.

Journal of

McMurry, S.W., M.S. Coyne and E. Perfect
(1998). Fecal coliform transport through
intact soil blocks amended with poultry
manure. Journal of Environment Quality, 27:
86-92.

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

Agronomy.

Pachepsky, Y.A., O. Yu, J.S. Karns, D.R.
Shelton, A.K. Guber and J.S. van Kessel
(2008).

attachment of E.coli to soil particles of

Strain-dependent  variations in

different sizes. Int. Agrophysics, 22: 61-66.

Powelson, D.K. and A.L. Mills (2001). Transport
of Escherichia coli in sand columns with
constant and changing water contents.
Journal of Environment Quality, 30: 238-245.

fecal coliform attachment to soil and soil
particles Applied
Environment Microbiology, 73: 3363-3370.

of different sizes.

Herwaldt, B.L., G.F. Craun, S.L. Stokes and
D.D. Juranek (1992). Outbreaks of
waterborne  disease in  the  United
States.1989-90. Water Works Assoc, 84:
129-135.

Homaee, M. and A. Farrokhian Firouzi (2008).
Deriving point and parametric pedotransfer
functions of gypsiferous soils. Australian
Journal of Soil Research, 46: 219-227.

Jackson, A., D. Roy and G. Breitenbeck (1994).
Transport of a bacte rial suspension through a
soil matrix using water and an anionic
surfactant. Water Resources, 28: 943-949.

Jin, Y., M.V. Yates, S.S. Thompson and W.A.
Jury (1997). Sorption of viruses during flow
through saturated sand columns. Environment
Science Technology, 31: 548-555.

Keswick, B.H. and C.P. Gerba (1980). Viruses in
groundwater.
Technology, 14: 1290-1297.

Environment Science

Keswick, B.H., C.P. Gerba, S.L. Secor and I.
Cech (1982). Survival of enteric viruses and
indicator bacteria in groundwater. Journal of
Environment Science Health A, 12: 903-912.

Langmuir, D. (1918). The adsorption of gases on
plane surfaces of glass, mica, and platinum.
Journal of American Chemistry Society, 40:
1361-1403.

WAL Suly (Jl eoled piid e s ‘Aj—l—c
ENVIRONMENTAL SCIENCES Vol.8, No.1, Autumn 2011

"V



Unc, A. and M.J. Goss (2004). Transport of
bacteria from manure and protection of water

resources. Applied Soil Ecology, 25: 1-18.

USDA, NRCS (1999). Soil taxonomy: a basic
system of soil classification for making and
interpreting soil surveys. Washington, DC:
Department of Agriculture Soil Conservation

Service.

Yan J., Y. Che and Y. Li (2000). Virus removal
and transport in saturated and unsaturated
sand columns. Journal of Contaminant

Hydrology, 43: 111-128.

Yates, M.V. and W.A. Jury (1996). On the use of
virus transport modeling for determining
Journal of

regulatory  compliance.

Environment Quality, 24: 1051-1055.

Yates, M.V, S.R. Yates, J. Wagner and C.P.
Gerba (1987). Modelling virus survival and
transport in the subsurface. Journal of
Contaminant Hydrology, 1: 329-345.

Zhuang J. and Y. Jin (2003). Virus retention and
transport through Al-oxide coated sand

columns: effects of ionic strength and

composition. Journal of Contaminant
Hydrology, 60: 193- 209.
"

W o

Ryan, B.F. and B.L. Joiner. (1994). Minitab
Handbook. Belmont, Duxbury Press.

Schaap M.G., F.J. Leij and M.T.H. van Genuchten
(2001). Rosetta: a computer program for
estimating soil hydraulic parameters with
hierarchical pedotransfer functions. Journal of
Hydrology, 256: 163-176.

Schijven, J.F. and S.M. Hassanizadeh (2000).
Removal of Viruses by Soil Passage:
Overview of Modeling, Processes, and
Parameters. Critical Review of Environment
Science Technology, 30(1): 49—127.

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. Environment
Science Technology, 26 (7): 1410-1417.

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 Journal, 2:
34-39.

Somasundaran, P. and G.E. Agar (1967). The
zero point of charge of calcite. Journal of
Colloid Interface Science, 24:433-440.

Taylor, D.H., R.S. Moore and L.S. Sturman
(1981). Influence of pH and electrolyte
composition on adsorption of poliovirus by
soils and minerals. Applied Environment
Microbiology, 42: 976-84.

WAL Suly (Jl eoled piid e s “J—L‘
ENVIRONMENTAL SCIENCES Vol.8, No.1, Autumn 2011

mAm



