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Using Two and Three Parameter Isotherm Models to Describe the
Adsorption Behavior of Ciprofloxacin in Calcareous Soil
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Abstract

The adsorption behavior of antibiotics plays a decisive role in their fate in soil and environmental
pollution. In this study, the adsorption behavior of ciprofloxacin, a widely used antibiotic and emerging
pollutant, was investigated in a calcareous soil sample using two- and three-parameter isotherm models.
An experiment was conducted with different initial concentrations of ciprofloxacin (0 to 368 mg L") in
the soil, and the concentration of residual antibiotic was determined using high-performance liquid
chromatography (HPLC). Two-parameter nonlinear equations of Langmuir, Freundlich, Temkin, and
Dubinin—Radushkevich, as well as three-parameter models of Redlich—Peterson, Sips, Toth, Radke—
Prausnitz, and Hill, were fitted to the experimental data. The results showed that ciprofloxacin
adsorption in the soil increased with increasing initial concentration, and the adsorption capacity reached
25 mg g ! soil. Among the two-parameter models, the Dubinin—Radushkevich isotherm (R% = 0.995, SE
=0.00, and RMSE = 0.00) and, among the three-parameter models, the Sips and Hill models (R2=0.998,
SE =0.113, and RMSE = 0.095) provided better fits to the adsorption data because of their lower errors
and higher coefficients of determination. The dimensionless exponent n in the Sips and Hill equations
was less than one (n = 0.72), indicating the heterogeneity of the adsorbent surfaces. Furthermore, the
value of the sorption energy parameter E in the Dubinin—Radushkevich equation was less than 8 kJ mol™
(5 kJ mol™), indicating the physical nature of the sorption process of ciprofloxacin in the calcareous soil
sample.

Keywords: Adsorption data, Antibiotic, Dubinin-Radushkevich, Hill, Sips

Sharifmand M., Sepehr E., Rasouli-Sadaghiani M.H., Asri-Rezaei S. 2025. Using Two and Three Parameter
Isotherm Models to Describe the Adsorption Behavior of Ciprofloxacin in Calcareous Soil. Applied Soil
Research. 14(2): 33-45.

1. Ph.D. Department of Soil Science, Faculty of Agriculture, Urmia University, Urmia, Iran.
2 & 3. Professor, Department of Soil Science, Faculty of Agriculture, Urmia University, Urmia, Iran.
4. Professor, Department of Clinical Sciences, Faculty of Veterinary Medicine, Urmia University, Urmia, Iran.

* Corresponding Author Email:_e.sepehr@urmia.ac.ir

Yy



VFe0 el ¥ ojleds VY 0l S 60,5 Sliizs

G L) oyl Gl s yolHl aw g 90 (o9l s oo 3l solaw
‘SSJJ S L) wwgbgw

| 2T Yooos #Y Yo, . s
Sy s pas Sl ¢ (GlBuuo (Jguw ) s g0 T e pudl @l ¢ dioy b F polo
OFF1VIYE iy b VY A/ Bamdl o )

L8, caalllas cpl jo 04l oy Jaxe ‘;o}ﬂ 9 S 0 byl gy p (GlodisS (s ks L(bs_i.uj,u‘sui ode ls,
oo sl oslitul b (Sal S digei So 3 arbsi 0¥l g Bpany SSgn Sl plpe 4 ralaS gl s 0o
YEA L y00) (sl slig s il el slaclale b olojl jslaie (l sl ol (o) 2 el & 5 99 (3530
HPLC) YU 5 b mule 81,8 5ikog,S olSiass 31 ooliciol b K gz 5T ouiladly clale 5 plovl S 1o (2 43 o5 o
Oy~ gy bl g gsSisly - (ingd 5 (Sl @i B pgeSSY (gl g0 (ot e SYslae ad e
adgl cdale o8l b osle las zls .ol eols b3l Jiolesl 5l Jol> sleosls (g9, o 5 il = STy g ¢
Slan 1 aa] sty ST 05 08 Shon Y o b o8 (55 &l G S50 51 o lam g
s slaJon e 5l s RSME = +/c+ 5 SE = [+ R2Z+/320) gusskinl, — cpinnss o oe osymol)ly 55 sl Jore
Oyt gy g iSrsS glas LJo 45 (RSME = +/-90 § SE = +/\\Y RZZ+/A9A) i g Ly sl ok o5 0l
M=+ /VY) G5l eS e g (o SY0las a0 0)lg5 (g00e laie aiols (lis ods glaosls 44 (g s (il 25,50
7S g 99Sgal i iraingd dolae 0 B el (s30e jlade (izmen atib oo (Seal Lz zolaw 4z ;0 el Cunsa
wilge (Sol S diged 15 sl sls s 3 w18 o5 (Sased carpoplis a8 el cews 4y Jgo 2 Jsh kS A

o2 e g 995 90] = (i g (0l slrosls ‘&,_,9,_1‘50] (euls ‘Slbojb

Sl 8, Gyl gl (6l )l dmw g 90 0 ignl Glo o sl ool Wl NFF L SLs, (6 ac wrp Shdoe Jew, s p ey 1
FO-VY taman ¥ oojled N F ul> S (60,0, ladss L;&:T S o plaS gldg o

Ol gyl cdag )l olSiils o(55,5LaS 0aSiiils (S pale 09,5 (5 5SS atsgel yiils =)
Ol dangl cdung )l olXils ¢35l 0aSiiils « S5 pole 09,5 slwl -V 4 ¥

Oyl ctag | cdng | oKl ¢ S jaals 0aSzils ¢ alKile ys pgle 09,5 oliwl -4
e.sepenr@urmia.ac.ir :Sig xSl oy #

AR



s yol )l aw g 90 g0 ,ig il slaJoe 5l eolaiul

L o9)l5 5 omtid s lyol olKiws slacigas by
;> .(Bushra et al., 2013) 55, o0 ,5 4 YL o,Slas
oselalio Gy Bl sk 4 SlaS 5 nl & (J)se
- oo ol (g0l 5 IS g o0l Gy § Jaizeo 819 (gl

.(Peng et al., 2012) s

-

doddo
Toogl5S 9,518 09,5 5l (Seigua sl ! sl glbg yoas
o 5 o S 31 glos S il il o oS 03,
L og,ls ol (Sani et al., 2011) wib oo Jld ain

F9ge 39 g Ci7H1sFN3O3 HCl  Sleeds  Jge,8
Glp () USE) (Wu et al, 2013) Jgo , p,5 TFVIA

o] O

OH

(Khoshnamvand et al., 2017) ¢yl glog s SSgm 5T (oloonds Jlislo -V S
Figure 1. Chemical structure of ciprofloxacin antibiotic

P S s oy (AlSw epsnl sladas L
S o ablisw g5 90 wi> L, gladlas
Huetal,) cul ool (aeogi 50 98 L (55,lis
L o2 popsiesy Seism bl iz sleosls (2019
Rodriguez-) sls olis (s oo)lp adais,® doles
Cela-) o )Kan 5 OMIo-d (LOpez et al., 2022
SSgm sl wd> aul,s (Dablanca et al, 2022
o i 65,58 oS o I felew (S gl
gINs 2 (o ponl Gladoe G o a5 WS A1

il oy b b s e el

Joe 90 3l oS5 a5 (Sips, 1948) o gl
St gt lr Ml glNg S g eSS
5 (Gunary, 1970) 55, o0 54 (Ken e v 0d>
Ol il oe @i e |y gdaig p Joe 4 by e Cosgacne
propl 4 edigh Ldx cole oS slacdale o Jow
by slackale jo &S Jloyo wedoe o gdaig)b
) 2595V sl &Y 5 b i S b (S
Aolrs s il )l ccVolas plo aiilen .S so (Gom i

Fluoroquinolones®

Yo

D)0y g0 (_,’_;J.z.aui ol o Lbs_ius.».:su] g
ol 5o ST laiasTy o Jlowsl il s
5 Corex> p oy S o (Linetal, 2009) wgs o
U35 g 5 4538 36 b T 5 ol 5, collad
OLLS ;3 (Kielsdise silmal olml 5 iwgd o
o de ol ol o (Linetal., 2009) o5 5 oo £y
S5 sl JWET 5 5 5 50 35 3 5 e il
oS Cewl (oleondm (S 58 la STy 5l glasgaze L
L S Jsle )0 35250 sl JsSse 5 Loy ol bawss
o 2d gy pl S oo obul (iiS el ael> S
Cowl ooyl J8 g Jo> p Je ol (_gbb..\.:..g")é 5!
Sharifmand et ) |,Ken ¢ wiocay & (Sparks, 2003)
SB 5o S g 8] Cubgyw i ,S L (@l 2023
ol SaS L g 00g 32 5 iz laan 4 ans
L g Bi> e o 1) laos¥T oy Olei oo laass 1,3
a el S S il wds anl B oS s
St S ploarisSy b sl Shis 5 S5l €95
S o SlaS 5 ol e ks, (Huetal,, 2019) s ls

Ciprofloxacin’



VEO il o o,lad ) F ul>

S 60,5 Sladss

L sig) 9 Slgo

olils (55,9l easlisls ;o ably raw S digai S
VWYY - g B ax 0 FO/-A (ol 4z 5 YV/OY) asg)|
o S diged b (gl peiged (L) gl 51 SV e
g A ool jeue (g e gl VSISl ol SLis ga
SrSell ol alord 5 (Susd Slogas ) (S
Sy S 28l e ol b Ty cnl S
colae ¢ pH (Gee & Bauder, 1986) (s i0g,0u0
4 J S Sy oo gmilinge 5o (oS
Ao, «(Nelson & Summers, 1982) L 5 ISdlg g,
b oo (Rayment & Higgison, 1992)

b talesl oS 50 (rpaluS gldg pn 0l (o 2 sl
G sl A e Yo S a5 S
FEIN ho Joli Sl 6w VL) cpnlaSslig oo
G 5o o5 o YEVIA YRE/F WYY /A AFYIY YY/5
pm YA Sl Ceels ¥l Gy ol ploail J1SS a4 o
AL (29) Joloe «rpM ¥e v ) 5008 o adBs V-
HPLC oXiws la ;_iu}u‘su—l cdale 9 ‘A} Q;:).m)m
Lg IR s_;d.?- wmslﬁjjw U‘)"‘A a.:o)f uj‘)ﬂ
10,5 dwle ) dolee 3l oolazul

ge = (Ci—Ce) XV/m M)

odd D (pluSly s (e 08 (358 dolae 5o
Jole px> i 4 M 5 V e SokS 50 05 (o)
cble s 4 Ce g Ci (p,55kS) SB ey 5 (D)

ablise G 50 05 (o) oigh Dlo Jolas 5 4yl
Sz gleegnl SYole g5, ilejl @b e
29583l (med «(F) oSed d(F) i 2 oY) 29SSV
STy A B ) s B) g sgds, (O
a ) Jeaz o adeols (53l (Vo) Jed 9 () 3ol

el 00 6Ll T sl ol o ¥ oles ol 5l o

Y

Looe PH asile iolosl Ll 5 paitans jobo 40 35 pmasnw
(Pérez-Marin et al., 2007) oS oo (55,m <dale 4

O 58 913 0aiS Bras CdS oS Ve S Gl
)l 15 pgd plie oz 5l dm Lwl 50 5 99,00 Jled &
Araw glpl )3 g)ls Brae IS Al aSs)5bas
V0 Loy Sign bl Brae a5 (Slea ol
oS a1 (Zali, 2021) wil o gz o bl 5l
50 bl 5 ple gl g plo Gayon o Sy p ogdle
(Daliri et al., 2021) )|, 5 (5 ,do Wigd oo oolazul
s A o 1 el oluS s bl Syl
b sblay ise Sl e B ele s
€5 onl g Gl 00l SL3T oady Glogzge s S g0
$92 Sl G 0ailS Wy hele S (Sooll
@3> SlaS 5 Bpan undy () Grizpes Sk oo
Slald i ol (las j5aS lalas e ST o
Sssbty adle bogdsiSsyslh 4 byye Gyas
Ol Qll sgebo 2590 5150 53 Bpan Gl (b
{(Faghihi et al., 2006) wisb so yusliS 5184 il 43 Loy 0
33 OelaS by il 5 o8 il (855 j5ebo slaasls o
Faghihietal.,) s ls )1 ;3 8 pas Jlgl)8 jlai 5l eg0 a5 e

(2017

5 OeeleS oldg Sl ioda sl (o9 ans s &
39,5 50 235 o 3l emmslS 5lbg s (T (ol codsibie
Olgie 4 sals 555 5l oolaxl 4 (Lillenberg et al., 2010)
L ogise 55008 sSe (Sogll 4 e JT o8
DL 5 ealaS gl s (Vs jes des ) axy
SE oy sl slasgs e ol YL chle e
S gm 8] (ol Cligs o o, «(Selvam et al., 2012)
Gan ol aalllas ol abl o )55 SB 4o
S el 5l s Sga T Qi L8, ()
Yol g5, Lol sloosls 5 pll Sal S wiges
eSS gdig B 9SSy (5l 93 Dd slag gl
O rREdd) bl dw g asSaslmGaings

Al ools b3l e g g8l n-STy el ¢ s



s yol )l aw g 90 g0 ,ig il slaJoe 5l eolaiul

Srelb a9 95 o gnl sladae sl 5 (22, SYolee -V Jgor

Table 1. Mathematical equations and parameters of two- and three-parameter isothermal models

Isotherm models

Non-Linear form

Parameters

gm : Adsorption capacity (mg g?)

1L . _ (KL Ce Qm)
. Langmuir qe = HT
( L Ce) K_: Coefficient of the Langmuir equation
Ke: Empirical coefficient of the Freundlich
L equation
2. Freundlich go = Kg C,n N N _
n: Empirical coefficient of the Freundlich
equation
Kr: Coefficient of the Temkin equation
3. Temkin q. = BLn (C, X Ky)
B: Coefficient of the Temkin equation
ge: The amount of adsorbate taken up per unit
, mass of the adsorbent (mol g%)
4. Dubinin- ¢ = m exphon X ebn) - Adsorption capacity (mol g'%)
Radushkevich Gm - ACSOTPHON Capacily (mot g

E =1//=2fox

B: Equation coefficient and the adsorption free
energy (mol J1)

5. Redlich-Peterson

AC,

“=TTpco

A: Redlich-Peterson isotherm constant (1 g%)
B: Redlich-Peterson isotherm constant (1 mg?)

g: Power of the Redlich-Peterson equation

_ Am (KS Ce) n

gm: Adsorption capacity (mg g*)

6. Sips = Ks: Sips isotherm constant (mg g*
p de 1+ (K, C,) /" s: 9Ip (mg g™)
n: Dimensionless power of isotherm
ar. Toth isotherm constant (mg g%)
KT Ce - 1
7. Toth qe = (@ T )T Ky : Toth isotherm constant (mg g™*)
n: Dimensionless power of isotherm
gm: Adsorption capacity (mg g*)
. dm KRPCe . P 1
8. Radke-Prausnitz qe = m Kre: Radke-Prausnitz isotherm constant (mg g*)
RP “e
n: Dimensionless power of isotherm
gm: Adsorption capacity (mg g*)
9. Hill _ n G K Hill isoth tant (mg gt
. qe = Kot C7 w: Hill isotherm constant (mg g™)
e

n: Dimensionless power of isotherm
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Figure 2. Effect of initial concentration on ciprofloxacin adsorption in calcareous soil sample
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Figure 2. Two-parameter isotherms of ciprofloxacin adsorption under the influence of different initial concentrations
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Table 1- Parameters of the two-parameter equations of Langmuir, Freundlich, Temkin and Dubinin-Radushkevich

Models Parameters Values
gm (Mg g™?) 24.97
Kc (L mg?) 0.02
Langmuir R? 0.994
SE 0.215
RMSE 0.182
Ke (mgl-lln Ln g-l) 0.68
1/n 0.88
Ferundlich R2 0.986
SE 0.318
RMSE 0.269
A 1.97
Kt 1.33
Temkin R? 0.853
SE 1.114
RMSE 0.941
gm (mmol g™%) 0.065
B (mol? kJ~?) 0.018
Dubinin-Radushkevich R? 0.995
SE 0.001
RMSE 0.000
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Table 2. Parameters of the three-parameter equations of Redlich-Peterson, Sips, Toth, Radke-Prausnitz and Hill

Models Parameters Values Error Analysis Values
_ Adgh 1.01 R2 0.992
Redlich-Peterson B (1 mg?) 0.67 SE 0.247
g 0.13 RMSE 0.208
) gm (mg g™) 13.40 R? 0.998
Sips Ks 0.08 SE 0.113
n 0.72 RMSE 0.095
Ar(mgg™) 81.96 R? 0.994
Toih Kr 18.15 SE 0.215
n 0.37 RMSE 0.182

1 2
Radke-Prausnitz fm (Egpg ) 82? SRE 8223
n 0.08 RMSE 0.203
gm (Mg g™ 13.40 R? 0.998
Hill Kn 33.57 SE 0.113
1/n 1.38 RMSE 0.095
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