International Journal of Innovative Engineering Applications vol. 6, issue 2 (2022)

International Journal of Innovative Engineering Applications

1JIEA

Journal homepage: https.//dergipark.org.tr/ijiea

A

EXPERIMENTAL DATA AND MODELING FOR THE ADSORPTION/DESORPTION OF
TETRACYCLINE AND DICLOFENAC ON THE AGRICULTURAL SOILS

Ulker Asli Guler™ "=, Eliza Tuncel*

Department of Environmental Engineering, Engineering Faculty, Sivas Cumhuriyet University, Sivas 58140, Turkey

Abstract

Original scientific paper
The adsorption-desorption characteristics of tetracycline and diclofenac onto two different agricultural soils (S1 and S2) were
investigated using the batch equilibrium method. The adsorption experiments were used to optimize the two variable parameters (contact
time (5-120 min), initial pollutant concentration (5-300 mg/L)) on the adsorption of tetracycline and diclofenac. The adsorption kinetics
for tetracycline and diclofenac onto soil are well described by a bi-exponential adsorption model characterized by fast and slow
adsorption rates. Non-linear adsorption curves fitted well to the Langmuir, Freundlich and Temkin equations. The maximum adsorption
capacity (qm) of tetracycline and diclofenac onto the soils S1 and S2 were calculated to be 55.90 mg/g, 41.92 mg/g, 26 mg/g and 6.42
mg/g, respectively. Kd, Koc, foc and ga values were calculated. The adsorption efficiency of tetracycline and diclofenac by the soils S1
and S2 was over 97%. The Kq parameters for the adsorption of tetracycline and diclofenac onto the soils S1 and S2 were found to be
3537 L/kg, 654 L/kg, 1669 L/kg and 3105 L/kg, respectively. The reversibility of the adsorption process was evaluated by desorption
experiments using different concentrations of HDTMA and Triton-x surfactants. The desorption rates were higher for diclofenac than for
tetracycline.
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TARIM TOPRAKLARINDA TETRASIKLIN VE DIKLOFENAK
ADSORPSIYONU/DESORPSIYONU iGiN DENEYSEL VERILER VE MODELLEME

Ozet
Orjinal bilimsel makale

Tetrasiklin ve diklofenakin iki farkli tarim topragina (S1 ve S2) adsorpsiyon-desorpsiyon 6zellikleri kesikli denge yontemi kullanilarak
arastirilmustir. Adsorpsiyon deneyleri, tetrasiklin ve diklofenak adsorpsiyonunda iki degisken parametreyi (temas siiresi (5-120 dakika),
baslangi¢ Kirletici konsantrasyonu (5-300 mg/L)) optimize etmek i¢in kullanilmustir. Tetrasiklin ve diklofenak i¢in toprak adsorpsiyon
kinetigi, hizli ve yavag adsorpsiyon oranlari ile karakterize edilen iki islii bir adsorpsiyon modeli ile tanimlanmistir. Non-linear
adsorpsiyon izoterm egrileri, Langmuir, Freundlich ve Temkin modellerine iyi uyum saglamistir. S1 ve S2 topraklarma tetrasiklin ve
diklofenakin maksimum adsorpsiyon kapasitesi (qm) sirasiyla 55.90 mg/g, 41.92 mg/g, 26 mg/g ve 6.42 mg/g olarak hesaplanmistir. Kd,
Koc, foc ve qa degerleri hesaplanmistir. Tetrasiklin ve diklofenakin S1 ve S2 topraklari tarafindan adsorpsiyon etkinligi %97'nin
iizerindedir. S1 ve S2 topraklarina tetrasiklin ve diklofenak adsorpsiyonu i¢in Kd parametreleri sirasiyla 3537 L/kg, 654 L/kg, 1669 L/kg
ve 3105 L/kg olarak bulunmustur. Adsorpsiyon isleminin tersinebilirligi, farkli konsantrasyonlarda HDTMA ve Triton-x yiizey aktif
maddeler kullanilarak desorpsiyon deneyleriyle degerlendirilmistir. Desorpsiyon oranlart diklofenak i¢in tetrasikline gére daha yiiksek
bulunmustur.

Anahtar Kelimeler: Adsorpsiyon, desorpsiyon, diklofenak, tetrasiklin, toprak.

1 Introduction environment without being treated in wastewater

treatment plants. Pharmaceuticals in bodies of water are

Many pharmaceuticals and healthcare products are
significant pollutants released into the environment
because of their active usage for human health and
veterinary practices [1]. These active compounds are
completely or partially discharged to the receiving
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classified as one of the emerging pollutant of concern
groups as they are widely used and cause environmental
pollution [2]. The environmental processes of these
pharmaceuticals are sorption, decomposition,
photodegradation, and hydrolysis [3]. Among them, soil

Received 07 July 2022; Received in revised form 03 October 2022; Accepted 04 October 2022

2587-1943 | © 2022 IJIEA. All rights reserved.

Doi: https://doi.org/10.46460/ijiea.1141731


https://doi.org/10.46460/ijiea.1141731
https://dergipark.org.tr/ijiea
https://orcid.org/0000-0002-9608-9745
https://orcid.org/0000-0002-2427-4482

U. A. Guler and E. Tuncel

adsorption of pharmaceuticals is the primary factor that
affects the interaction between pharmaceuticals and soil
component. The higher adsorption capacity, the
purification process is the more effective. The
parameters such as (i) the chemistry of compound, (ii)
the amount of relevant matter, (iii) the climate factors
such as temperature, and (iv) the type of soil (e.g., pH,
soil organic matter (SOM) content, clay content) are
essential to evaluate the distribution of a pharmaceutical
compound between soil and aqueous phases [4-6].
Diclofenac, one of such pharmaceutical compounds and
widely used for rheumatoid arthritis may have harmful
effects on various environmental species at <l pg/L
concentration. Recently, diclofenac was included in the
lists for the environmental monitoring of chemicals
published by the European Commission (EU) [7].
Tetracyclines, one of the antibiotics widely used in
human and veterinary medicine, are frequently found in
surface waters, groundwater and soil [8]. When an
antibiotic reaches the soil, it may stay there for a while,
diffuse into the surface waters or enter the food chain by
accumulating in plant tissues. There are also some
studies on the emergence of bacterial resistance to
antibiotics [9, 10].

Soil adsorption and desorption of organic chemicals
are the main processes that characterize the mobility and
transport of pollutants within the soil environment [11].
Since tetracyclines and diclofenacs enter the
environment mostly through wastewater, most studies on
their environmental fate so far have focused on their
behavior during wastewater treatment processes and their
interaction with sewage [8, 12, 13, 14]. Few studies have
been done on their behavior in soil [7, 15, 16]. To protect
surface and ground waters and aquatic organisms from
tetracycline and diclofenac pollution, it is obligation to
evaluate the sorption/desorption properties of these
compounds in the soil environment. In addition, their
behavior in the soil is important because sewage sludge
is applied as agricultural fertilizer. Soils have great
variety. Therefore, it is essential to examine different soil
samples with different physicochemical properties to
better understand tetracycline and diclofenac behavior
and fate in the soil environment in terms of their
adsorption/desorption.

Taking all this into account, in this work we used
batch type experiments to study tetracycline and
diclofenac adsorption and desorption in two agricultural
soils with different physical and chemical propetries.

The data obtained from these experiments were used
to generate adsorption curves by plotting the adsorbed
pollutant (ga, mg/g) and the pollutant concentration
remaining in equilibrium (Ce, mg/g). Different models
such as Langmuir, Freundlich and Dubinin-
Radushkevich models were used to describe such curves.
This study allowed us to evaluate the effect of pollutant
exposure time, initial pollutant concentration and
exogenous surfactants (HDTMA and TritonX-100) on
the adsorption of tetracycline and diclofenac in soil.
Morover, the effects of pH and adsorption coefficients
(Kq, Koc, foc and ga) on the adsorption of tetracycline
and diclofenac by the soil are discussed in detail.

2 Experimental
2.1 Chemicals

Tetracycline (TC) (CxH2N20g) (>95) and
diclofenac (DCF) (C14H11Ci2NOy) (>98.5) were provided
from Sigma-Aldrich and all chemicals were of high
purity and analytical grade. The TC molecule is defined
by a high Sy, and low Kow. TC is hydrophilic and
amphoteric. The three different dissociation constants are
presence as cationic at pH<3.3, zwitter anions at 3.3<
pH< 7.7 and negative ions at pH>7.7. TC stock solution
was prepared using milliQ water. DCF including one-
COOH group and pKa is 4.15 [7]. DCF stock solution
was dissolved in a little methanol (CHs0H) and then
added milliQ water. The chemical properties of the TC
and DCF are showed in Table 1.

Table 1. The chemical properties of the pharmaceutical compounds
[71. [17], [18].

Chlortetracycline

Compound Name Oxytetracycline Diclofenac
Tetracycline
C22H24C|2N208 C14H12LC|2N()2
Molecular Formula C22H24N,0q
C22H24N,0g
Molecular Weight (Da) 444.5-527.6 296.16
Water Solubility at 25 °C  230-52000 2.37
(ma/L)
Log Kow -1.37 451
pKa 3.3/7.7/9.3 4.15
Henry  law  constant 1.7.10%-4.8.10% 4.79.107
(Pa.m*/mol)

2.2 Soil Samples and Characteristics

The samples were collected from soils at a depth of
0-20 cm from agricultural land in two cities (Sivas (S1)
and Malatya (S2)) of Turkey. After removing foreign
matter, the soil samples were kept in the laboratory at
room temperature for drying, passed through a 2 mm
sieve, and stored in glass bottles. The soil elemental
composition was found through the XRF analysis. The
elemental composition of the soils is shown in Table 2.

Table 2. The elemental composition of the Sivas agricultural soil (S1)
and Malatya agricultural soil (S2).

Name Sl S2 Name Sl S2
% % % %
Ca 42.76 1.26 Cr 0.05 0.03
Si 8.75 51.32 S 0.04 0.16
Al 3.00 19.07 Na 0.04 0.72
Fe 2.81 10.47 Ni 0.03 0.03
Mg 1.57 2.36 Pb 0.02 0.01
Ti 0.22 0.82 Cl 0.01 0.03
K 0.21 3.98 Zn 0.01 0.03
Sr 0.12 0.02 Zr - 0.03
Mn 0.08 0.25 Cu - 0.03
P 0.06 0.56 Rb - 0.02
Ba 0.05 0.34 Ga - 0.06

2.3 Adsorption/Desorption Experiments

The batch adsorption experiments were conducted in
250 mL Erlenmeyer and all Erlenmeyer were hold in a
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incubator shaker (Gerhard) at 180 rpm and after
centrifuged (Hettich EBA21) for 15 min. All experiments
were performed in duplicated. The Erlenmeyer
containing 1 g soil and 100 mL TC or DCF (50 mg/L)
solution at pH 4.0 were shaken at different contact time
(5-10-15-30-45-60-90-120 min) for adsorption kinetic
studies. The isotherm studies were conducted at a
constant pH 4.0 and temperature of 25 °C. 1 g soil were
added to 250 mL Erlenmeyer and then spiked with 100
mL working solution to produce eight different initial
concentrations (5, 10, 25, 50, 100, 150, 200 and 300
mg/L) for TC or DCF in the aqueous solution.
Desorption studies were conducted after adsorption.
After removing the supernatants, the soil samples for
desorption experiments were resuspended in 50 mL of
Triton X-100 (nonionic surfactant) (CieH2602 ) (0,1-0,5-
1M) and Hexadecyltrimethylammonium  bromide
(HDTMA,; cationic surfactant)
(CH3(CH)15N(Br)(CHs)s) solutions (0,1-0,5-1M). The
samples were equilibrated for 24 h and then centrifuged
for 15 min, and residual TC and DCF in the aqueous
solution determined. TC (A 357 nm) and DCF (A 285 nm)
concentration  were determined by UV-Visible
spectrophotometer (Spectroquant Pharo 300, Merck).

The amount of pollutant adsorbed by the unit soil
was calculated using Eq. (1).

_ (Co=CoV
a m

where, C, and C. are initial and final concentration of
pollutant in the aqueous phase, m is soil amount, V is the
volume of the aqueous solution, respectively.

The pH of the TC and DCF solutions was measured
using the WTW (Inolab) pHmeter. The pHmeter was
adjusted with solutions of NaOH (Sigma Aldrich) and
HCI (Merck, 37%).

3 Results and Discussion
3.1 Adsorption Kinetics

The kinetic models are important because they
control the time to equilibrium and the efficiency of the
process. It also defines the uptake rate of the pollutant on
the adsorbent surface [19]. This study, the kinetic models
of TC and DCF on the soils S1 and S2 was investigated.
As shown in Fig. 1, both TC and DCF reached
adsorption equilibrium by approximately 45 min after
application.

To explain the adsorption process of TC and DCF on
the soils S1 and S2, bi-exponential model was selected to
fit the kinetic data (Eq. (2)). The bi-exponential model is
often used to correlate the two-step Kinetics of the
adsorption. This model describes two different
adsorption sites, defined as fast and slow adsorption,
both chemically and mathematically [20].

qr = qq — q1 exp(—kp t) — qzexp(—kp,t) 2

where g and ga are the adsorption capacity at time t and
equilibrium, respectively (mg/g); q: (mg/g) and Kkp:
(min!) are two parameters showing the adsorption

capacity and the adsorption rate of the rapid step; Qg
(mg/g) and kpz (g/mg.min) are the corresponding
parameters of the slow step [19, 20].

According to Figure 1; the model prediction was in
good agreement with the experimental data and the
parameters are showed in Table 3.

The adsorption capacities (q:) at time t=0 for TC and
DCF were <1.0, indicating that important adsorption
occurred at the very short time. The kinetic model
suggested a rapid initial transfer of TC and DCF to the
soil surface boundary layer followed by a two-step
diffusional transport to the interior [20]. In the first 10
min., TC and DCF concentrations in S1 soil were
approximately 76-96% of the initial concentration and
their concentrations in S2 soil were approximately 50-
92% of the initial concentration (Figure 1).

TC remairing in aqueous phase (mg/l)

DCF remaining in aquecus solution (mg'L)

L 20 &) B ) 104 3=Ho L L)
Time (min)

Figure 1. Adsorption behaviors of TC and DCF on the soils S1 and S2
(pH 4, Co=50 mg/L, 10 g/L soil amount, 25 ‘C).

Table 3. The parameters of a bi-exponential model.

S1

Ja o} o} Kp1 Kp2 R/ R?

TC 4.48 3.07 453 0.007 0111 0.624  0.999
DCF 4912 3874 49.26 0.023 0549 0.601  0.999

S2

Ja o} o} Kp1 Kp2 R/ R2?

TC 3.48 3.02 3.64 0.002 0.054 0.862 0.999
DCF 4760 36.62 4784 0.023 0.189 0.604 0.999

At 120 min., the TC and DCF concentrations on the
soils S1 and S2 were approximately 89-99% and 70-97%
of the initial concentrations, respectively. The fast
adsorption in the first 10 min. can be attributed to the
rapid complexation of the soil with organic chemicals
[21]. Slow sorption rates (ko,) were found to be higher
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than fast sorption rates (kp1) for TC and DCF (Table 3).
The g2 values obtained by calculation was close to the
actual values, indicating that TC and DCF adsorption in
the soils S1 and S2 is not simply a single-step
phenomenon, but is affected by several factors, including
the physicochemical characteristics of the soils and the
nature of the TC and DCF [4]. This is consistent with the
previous studies [20, 22].

3.2 Adsorption Isotherms
The data obtained from isotherm experiments are

explained by Freundlich (Eqg. (3)), Langmuir (Eq. (4))
and Temkin (Eq. (5)) models [23]:

g, =K.CY" ®)

q, = K.Cely (4)
1+K,.C,

q, :%In(ACe) ®)

where ga (mg/L) is the amount of adsorbate adsorbed
onto the soil at equilibrium; C. (mg/L) is the
concentration of the adsorbate in the solution at
equilibrium; Ke (mg/g) is the affinity; n is the index; K.
(L/mg) is a Langmuir constant, and gm (mg/g) is
maximum adsorption capacity. Finally, b (g.kJ/mg.mol)
is the Temkin isotherm constant; A (L/mg) is the
equilibrium binding constant; T (K) is temperature, and
R is the universal gas constant (8.314 J/mol.K). All of
the isotherms are nonlinear. In Fig. 2 are given TC and
DCF adsorption curves for the soils S1 and S2.

'g o
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-
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Figure 2. Adsorption curves for TC and DCF in two selected
agricultural soil samples (pH 4, 120 min, 10 g/L soil amount, 25 °C).

Firstly, the amount of adsorbed TC and DCF
increased with the increase in the initial concentration of
adsorbate added. Then it began to reach equilibrium. TC
and DCF adsorption curves for the soils S1 and S2 are L-
type and S-type, respectively [24]. L-type curves indicate
that site availability decreases as the adsorbate
concentration increases. According to the results of the
literature; L-type curves are often observed. Likewise,
mineral and organic cations as well as different soils and
sediments adsorb solutes according to L-isotherms [25].
An S-type curve means that the adsorption becomes
easier as the adsorbate concentration increases. Literature
shows that S-type curves are observed in
montmorillonites and sometimes in other clay types.
Thus, it can be discussed that S-type curves will be
characteristic of the adsorption of organics onto clay
surfaces [26]. Weber et al. (1986) have reported that
adsorption of fluridone was characterized by an S-type
isotherm in soils having a high montmorillonite content
and a low SOM content [26]. Langmuir, Freundlich and
Temkin isotherms very well described the adsorption
mechanism with 0.751<R?<0.987, 0.734<R?<(.983 and
0.724<R?<0.993, respectively (Table 4).

Table 4. Langmuir, Freundlich and Temkin isotherm model

parameters.

Model S1 S2

TC DCF TC DCF
Langmuir
Om 55.90 44,92 26.00 6.42
Ky 0.005 0.107 0.084 0.042
R? 0.984 0.987 0.751 0.921
Freundlich
ke 211 4,92 2.73 2.92
n 0.88 1.56 1.45 1.28
R? 0.983 0.965 0.734 0.903
Temkin
A 0.70 1.53 1.31 0.54
b 0.094 0.294 0.525 0,193
R? 0.813 0.993 0.724 0.981

The n parameter indicates the reactivity and
heterogeneity of the active sites of the adsorbents. When
n=1 the adsorption is linear, while when n>1 the
adsorption process is chemical in nature, and when n<1
there are heterogeneous sites of high adsorption energy
with adsorption being predominantly physical and the
high energy sites are the first to be occupied [4]. The
value of n was highest at DCF-S1 with a value of 1.56
and lowest at TC-S1 with a value of 0.88. A larger kr
meant that the adsorbate was easier to adsorb in the soil
[27]. The ke values of TC and DCF ranged from 2.11
(TC-S1) to 4.92 (DCF-S1). According to Vijayaraghavan
et al., (2006), the highest adsorption capacity and affinity
between adsorbent and adsorbate are associated to the
highest K values and to the lowest n values. In general,
soils with high organic material have more functional
groups than soils with low organic material [28]. The
differences in ke values are thought to be related to these
edaphic parameters [29]. Therefore, it indicates a higher
adsorption capacity and higher affinity for soils with
high organic matter content [4].

The gm values (mg/g) obtained from Langmuir
model for the adsorption of TC and DCF on the soils S1
and S2 were 55.90, 26.00, 44.92 and 6.42, respectively.
Ky for TC and DCF varied between 0.0050 and 0.1071
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L/mg. The comparison of TC and DCF adsorption
capacities of soils and other adsorbent materials used in
the studies is given in Table 5. The organic matter and
mineral component of the soil is important in adsorption
by the soil.

Table 5. The adsorption capacity values obtained in this study as well
as in other studies for TC and DCF adsorption in soils and other
adsorbent materials.

Adsorbent dm(mg/g)  References
Soil 0.26-042  [30]
Soil 3.79 [30]

Tc Soil 0.39 [31]

studies . )
Smectit 173-462 [32]
S1 soil 55.90 Present study
S2 soil 26.00 Present study
Activated 392.94 [33]
biochar

DCF Montmorillonit 497 [34]

studies Bentonite 62.50 [35]
Granulated 200 [36]
active charcoal
S1 soil 44.92 Present study
S2 soil 6.42 Present study

The results were also fitted by the Temkin model,
which proposed a decrease in the heat of adsorption due
to soil-adsorbate interactions. As a result, adsorption of
TC and DCF could be described by a uniform
distribution of binding energies [37].

According to Langmuir and Freundlich isotherm
parameters; it was determined that TC adsorption to soils
was higher than that of DCF in terms of amount and
affinity. Other authors also reported strong interactions
between TC and soil colloids with high adsorption
capacities [38-40].

3.3 Roles of pH and adsorption coefficients for adsorption
of TC and DCF

In this study, the adsorption process was performed
ata pH 4.0 for TC and DCF. At pH 4.0, TC the species is
in zwitter anions form. In addition, the pHpzc for the
soils S1 and S2 were found to be 5.57 and 3.37,
respectively. In this case, the S1 soil has been positively
charged while the S2 soil was negatively charged at
experimental pH 4.0. More adsorption has been occurred
for TC than DCF (qmTC>gmDCF). The reason for this,
for the soil S1 due to the attraction taking place between
TC zwitter anionic species and the surfaces of the
different soil, which present a dominance of positive
charges at pH 4.0. In addition, the cation exchange
mechanism is dominant in the soil S2 for the TC at pH
4.0. According to the literature; It is stated that Ca, Al
and Fe form complexes with pharmaceutical compounds
and play an important role in the adsorption capacity of
soils [41, 42]. In this study; the soils S1 and S2 contained
Si 8%, 51%; Ca 42%, 1%; Al 3%, 51% and Fe 2.8%,
19% (exchangeable matter), respectively (Table 2). In
addition, an important mechanism in TC and DCF
adsorption is cation exchange [43]. The results show that
especially soil S1 has a high adsorption capacity for TC
and DCF and a rapid adsorption takes place.

Kg or Koc parameters are used to measure the
mobility of a substance in the soil. The Kq parameter is
an important indicator for comparing the adsorption
capacity of an adsorbent, indicating the distribution ratio
of pharmaceuticals between the soil phase and solution.
Koc is defined as the organic carbon-water partition
coefficient. Koc is a very important parameter used to
predict the environmental fate and environmental hazard
level of a chemical. If a chemical has a very high Koc
value (2000 < Koc > 5000), it means that this chemical
will be strongly adsorbed to the soil and SOM and will
not move in the soil. A very low Koc value (500 < Koc >
2000) means that the chemical will be highly mobile in
the soil [4]. The Koc value of a chemical can be
calculated from Kow using the equation (6) [44]. TC and
DCF compounds are neutral compounds with the log
Kow of -1.37 and 4.51:

In a certain soil organic carbon content (foc), the

Koc and single-point soil adsorption coefficient (Kg)
values at a specific Ce were calculated as follows [7]:

Kg =22 )
K
Koc = i (8)

K4, Koc, foc, and ga values are given in Table 6.
According to Table 6, the Koc value of DCF is
considerably higher compared to TC. This indicates that
DCF is immobile and is tightly bound to the soil. Thus,
the use of DCF is to a certain extent less likely to cause
groundwater contamination. The g. values obtained
under optimum conditions also confirm this situation.
Accordingly, due to low ga, Kg, and Koc values, it can be
thought that TC in agricultural soils will be more mobile
than DCF and will be more prone to transporting to
underground waters and rivers. Moreover, even in the
studies on the adsorption coefficient of DCF in sandy
sediments, it has been proven that adsorption takes place,
and therefore DCF is less mobile in groundwater [45].
Additionally, due to its solubility lower than 2.37 mg/L
in water, most of the DCF is expected to adhere to soil
particles. This reveals that DCF can create a source of
pollution long after the time of its application to the soil.

Table 6. K, Koc, foc, and g, values.

TC-S1 TC-S2 DCF-S1 DCF-S2

Ka(L/kg) 3537 654 1669 3105
Koc 2.03 2318

foc 1742 322 0.72 1.34
0= (Mglg)  16.02 12.84 203.77 144.90

3.4 Desorption of TC and DCF

Surfactants can provide mass transfer of organic
compounds from the solid phase to the aqueous phase
and they can improve desorption of pollutant from
contaminated soils [46]. Generally, cationic and nonionic
surfactants are adsorbed to soils by ion exchange
reactions and hydrogen bond interactions, respectively
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[47]. Fig. 3 shows the desorption results of TC and DCF
in the soils S1 and S2. According to Fig. 3, desorption
rates were higher for DCF than for TC. The desorption
process followed immediately after TC adsorption by
HDTMA solution for the soils S1 and S2 demonstrated
high release values (between 96%-99%). In the DCF
desorption process, a large amount of DCF (97%-99%)
was released into the solution by both Triton X-100 and
HDTMA solutions. The increased rate of desorption with
increasing surfactant concentration may be related to
competition [46].

3 Conclusion

TC adsorption was found to be much higher than
DCF adsorption in the two soils studied. Experimental
data of adsorption kinetics on soil for TC and DCF are
well explained with a bi-exponential adsorption model.
The adsorption process was characterized by fast and
slow adsorption rates. The soil minerals (Si, Ca, Al and
Fe) were showed significant cation exchange with the
TC and DCF. Considering the Langmuir and Freundlich
isotherms, TC adsorption to soils was found to be higher
in amount and affinity than that of DCF. The Ky, Koc,
foc, and ga values of TC and DCF affect the mobility of
these compounds in the soil (bioavailability, infiltration
and transfer to diverse environment and foods, etc.).
Desorption rates were very high for DCF than for TC.
The adsorption efficiency and desorption rate of TC and
DCF by the soils S1 and S2 was over 96%. According to
the data obtained; it showed that a high mobility in soil
can be expected for TC compounds and soil adsorption is
affected by the physicochemical properties of the soil
and the different hydrophobic degrees of the pollutants.

®TC-51-TX100 ETC-S1-HDTMA

100 + TC-52-TX100 mTC-82-HDTMA

80

60

Diegorption rate (%)

40

20 4

0,1m 05M im
Surfactant concentration (M)

120
mDCF-51-TX100 mDCF-51-HDTMA
DCF-82-TX100 mDFC-82-HDTMA
100
=
# 80
2
=
E 60
7
=
g
> 40
&
20 4
o
o1m 0.5M im
Surfactant concentration (M)

Figure 3. Desorption of TC and DCF from soils S1 and S2 in the
presence of surfactants at 24 h contact time.
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