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Abstract

This work is a contribution to the global interest of scientific community in the
field of cleaning the environment from drug and antibiotic residues which lead to the
development of new generations of bacteria with improved resistance to antibiotics.
The sorption of oxytetracyclin, OTC, on an lraqi certified clay mineral, the
montmorillonite, is used as indicative for the success of the used treatments. Batch
equilibration experiments were carried out to follow the sorption behavior of OTC
on the clay. The concentration of OTC was determined by spectral absorption at 360
nm which presented excellent correlation with high performance liquid
chromatography, HPLC, method over a wide range of concentration (R* = 0.977).
After equilibration of synthetic OTC solutions with the clay for various intervals of
time and various pH values, the concentration of OTC was employed to estimate the
sorption efficiency of montmorillonite. The pH of the solution has only minor effect
on the sorption efficiency. The kinetic treatment of the sorption results indicated two
distinctive steps for the adsorption of OTC on the clay. Montmorillonite was proved
as a candidate sorption material for OTC ensuring a removal efficiency of (94-96%)
even at low clay contents. Experimentally the OTC concentration could be
decreased from 0.5 to 0.03 mol/L at a pH value of 5.5 by sorption onto 2.0 g clay
(montmorillonite)/L.

Key Words: Oxytetracycline removal; adsorption; montmorillonite, Optimization,
Experimental design.
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Introduction

Antibiotics are among the widely used
pharmaceutical compounds for human and
veterinary applications. The large amounts of
antibiotic usage may result in their release to the
environment, because up t075-90% of the
administered antibiotics can be excreted without
undergoing metabolism. Antibiotics showed
considerable persistence in the aquatic
environment such as river and sea [1]. Large
interest was directed in the last decade on the
occurrence and fate of antibiotics in surface
water and towards their removal. Much concern
was given for the environmental consequences
of antibiotics where they lead to the appearance
and growth of drug resistant bacteria and the
activation of sludges [2,3]. Many authors
reported on the removal of the antibiotics from
water, soils and living stocks. Oleszczuk et
al.[4], studied the application of multiwalled
carbon nanotubes. Sediments as a major receptor
play an important role in the removal of
antibiotics from water[5].

Tetracyclines, TC, antibiotic group is
characterized by three different moieties of the
molecule that can undergo protonation—
deprotonation reactions and the possibility to
adopt different ionic species and conformations
depending on the pH of the aqueous solution in
which TC is dissolved[6]. Hayes and Geiger|[7],
reported that 25-75% of tetracyclines
administered to animals are excreted in the
active form. The OTC, 4-(dimethylamino)-
1,4,4a,5,5a,6,11,12a octahydro-3,5,6,10,12,12a-
hexahydro-6-methyl-1,11-dioxo-2-
naphthacenecarbo-xamide,(M.wt. 460 gm/mol),
is a widely used antibiotic for human and
veterinary purposes.
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OTC, levels that exceed 1000 pg/g could be
detected in manure of Dbeef cattle[8].
Considerable concern was directed for the fate
of antibiotic residues in the manure of treated
animals[9]. The consequences of antibiotic
presence in water stimulated much effort
towards their removal from wastewater and
manure. Parolo et al.[6],described a Patagonian
montmorillonite that appeared as a good
adsorbent of TC. Choi et al.[10], used two types
of granular active carbon for the removal of
OTC from synthetic and real wastewaters and
reported a removal efficiency of >90%. They
found that the removal efficiencies slightly
deteriorated (44~.67%) in the river water due to
organic interference. The purpose of the present
work is to investigate the importance of Iraqi
certified montmorillonite as a potential sorbent
to remove OTC from aqueous solutions to aid
remediation efforts. The purpose of the present
investigation is to evaluate Iragi certified
montmorillonite for the adsorption of OTC from
water. The study involves the evaluation of the
kinetics and mechanism of the adsorption. The
applicability of Langmuir model for the
adsorption isotherm is also investigated.

Materials and Methods
Materials and Reagents:

The OTC standard was supplied by Sigma
Aldrich (99%+). The KCI which was used to
maintain certain ionic strength necessary for the
adsorption was analytical grade reagent from
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(Merck, AG). HPLC grade methanol and
acetonitrile were purchased from Fisher
Chemicals (Fairlawn, NJ). Standard stock
solutions were freshly prepared by dilution of
the OTC in 10 ml NanoPure water (Barnstead
NanoPurell, Dubuque, IA). These solutions
were diluted to generate a series of working
standard solutions for preparing calibration
curves and standard addition spikes that were
prepared daily.

The clay mineral used was a high quality
Montmorillonite claystone of Wadi Bashira
certified clay obtained from the Iragi Geological
Survey and with the following characteristics:
Monmorillonite (77.0%); Loss on Ignition
11.0; Organic Matter 0.47; CEC = 76.59
meq/100 g. The x-ray diffraction is shown in
(Fig. 1).

Buffer solutions were prepared from Pipes
which is the common name for piperazine-N,N'-
bis(2-ethanesulfonic acid). A stock solution of
10M concentration was prepared from which the
working pH buffers were prepared by simple
adjustment of the main buffer with drops of 0.1
M HCl and 0.1 M NaOH.
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Instrument Parameters

The spectral measurements were performed
on a JASCO V-660 UV-Vis spectrophotometer
operated at a band width of 2.0 nm for three
cycles and absorption cuvette of 1 mm
thickness. For comparison purposes, a group of
the samples were analyzed by high performance
liquid chromatography, HPLC on a Finnigan
/Surveyor/ plus /HPLC system (Thermo
Scientific) equipped with quadruple pumps
coupled with Surveyor PDA plus detector
(Photodiode Array) and a Surveyor/ Plus
autosampler was used for all the analyses. A
Hypersil Gold C18 column (150 x 4.6mm, 5um)
with a corresponding Hypersil Gold guard
column (10 x 4 mm, 5um) at room temperature
was used for all separations. Samples were
eluted isocratically with a mobile phase
consisting of 0.010 M aqueous oxalic acid:
acetonitrile: methanol (150:20:20 by
volume)[11]. The mobile phase was mixed and
sonicated for 5 min before use. The flow rate
was maintained at 1.5 ml/min, with an injection
volume of full loop (25 pl), while the UV
detector was set at 360 nm. Linear calibration
was used for quantification based on the curves
between the concentration and peak area of
known standard of OTC.
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Figure 1: X — Ray Diffraction Pattern of the montmorillonite

Procedures:

Determination of point of zero charge
(pHpz): The method of Orfao etal.[12], was
adopted for the determination of pH,, of
montmorillonite. The pH, is defined as the
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point where the curve pHyna VS PHinitiar Crosses
the line pHsina = PHiniiar-
Adsorption Studies:

In 15-mL centrifuge tubes, a weighed amount
of montmorillonite was placed together with 0.1
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mL of 1.0 M KCI and the various volume of the
OTC stock solution. The final dilution was made
to 10 mL with the pre-prepared buffer solution.
All the sample solutions were prepared in
duplicate. The sampling tubes were covered
with aluminum foil and placed on a rotary
shaker for 24 hrs and run at a speed of 250 rpm
at the lab temperature which ranged between 19-
21°C. After equilibration, the samples were
centrifuged at 3000 rpm for 10 mins to aid solid
separation. The solutions were filtered through
0.22 um syringe filters into amber glass vials to
avoid photo-degradation and kept away from
light at 4°C until the time of analysis.

For kinetic experiments the shaking of the
sample solutions was done manually for the
short time periods. The shaker was used for
intervals exceeding 30 mins. Sample solutions
were separated by centrifuging and syringe
filters as above.

Data Presentation
The antibiotic sorption capacity,
(mmol/g), was calculated by Eq. 1:

Cs

Cs :(Ccont—Ceq)xVE... (1)

where Cgne and Ceq (mmol/L) are the control
and equilibrium aqueous antibiotic
concentrations, respectively, V (L) is the volume
of solution, and m (g) is the mass of the clay.
However, the initial concentration of the OTC
was not considered for the estimation of the
amount adsorbed because of the slight
degradation of the drug in agueous solution with
time[13].

The solid-water distribution coefficient (K,
L/g) is represented by Eq. 2. The coefficient is
defined as the ratio between the concentration of
the sorbate

Kd = S5

. ...(2
o )

Results and Discussion

The OTC exhibits the spectral absorption
displayed in (Fig 2). Two distinct absorption
bands could be observed with peak maxima at
360 and 272 nm. The two wavelengths can be
used for the quantitative evaluation of OTC. For
this work we used the 360 nm absorption for the
quantitation of OTC. The calibration graph was
linear up to a concentration of 200 ppm which
corresponds to a molar concentration of about
0.045 mM (Fig. 3). However such a range is
adequate for the purpose of the sorption study.
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For confirmation purposes the randomly
selected samples were reanalyzed with HPLC
and the results were plotted against those
obtained by UV spectrophotometry as can be
seen in (Fig. 4). It seems that over a relatively
wide range of concentration a reasonable
correlation coefficient, R®> of 0.967and a
negligible intercept were obtained. Thus,
spectrophotometery was employed for the rest
of the work for the determination of the residual
OTC in the studied solutions.

The point of zero charge

The point of zero charges of adsorbents
(PHpzc) is a point where an adsorbent have zero
potential charge on its surface. The presence of
H* or OH ions in solutions may change the
potential surface charges of adsorbents. If the
pH of solution is above its pH,. the surface
functional groups on adsorbents will be
protonated by the excess H® ions; on the
contrary if it is below its pH,,, the surface
functional groups will be deprotonated by the
OH" ions presence in the solution[14]. The pH
of the various buffer solutions after equilibration
with a fixed amount of the clay (0.1 g) were
plotted against its original pH values as can be
seen in (Fig. 5). The point of zero charge of
Iragi montmorillonite was found at a pH value
of 8.78.

Preliminary experiments:

The analysis of the sample solutions
equilibrated  with  various amounts of
montmorillonite indicated a clear reduction in
OTC concentration for all the samples. This
accounted for a clear removal of antibiotic into
the swelling clay particles. Samples with low
clay contents showed a limited reduction in
OTC concentration especially for high OTC
levels. There was no clear and significant
change in the reduction extent for the various
pH ranges. The resultant water solutions were
significantly low in OTC content and depending
on the initial OTC concentration; the adsorption
efficiency was 74-96% .
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Figure 2: Absorption Spectrum of Oxytetracycline
solution in water
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Figure 3: Calibration Graph of OTC
Spectrophotometric Determination at 360 nm.
Cuvette thickness, b =1 mm, a=24 L. g-1. cm-1.
The molar absorptivity, € =10990 L. mol-1. cm-1
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Figure 4: Correlation of spectral and HPLC.
Spectral Conditions: A =360 nm, Cuvette 1 mm;
HPLC Conditions: C18 column (150 x 4.6mm,
5um), Hypersil Gold guard column (10x4 mm,
5um), isocratic elution, mobile phase oxalic acid:
acetonitrile: methanol (150:20:20 by volume)
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Fig. 5: Determination of point of zero charge for
Iragi montmorillonite

Effect of pH on the adsorption

(Fig. 6) shows the effect of the pH on the
OTC adsorption. It is clear that the increase of
pH resulted in a slight decrease in adsorption
capacity up till pH value of 7.0. The rate of
decrease was significantly less than those
reported by Doi and Stoskopf [13], and
Kulshrestha et al.[15]. Further, at a pH value of
10, the equilibrium concentration showed a
slight decrease, indicating an improvement in
the adsorption. However, at such a pH range,
Parolo et al.[6], attributed the slight increase in
adsorption to the partial degradation of OTC at
the high pH value. Avisar et al.[16], detected
maximum adsorption at pH 2-4 and concluded
that the sorption capacity of the montmorillonite
used by them at pH 5-7 was still described as
rather high. Figueroa and MacKay[17], reported
similar trend of the adsorption increase with iron
rich soils and minerals. This correlation was
attributed to the cationic exchange interactions
that are dominant at lower pH values when OTC
is positively charge.

Effect of adsorbent amount

A set of experiments were conducted to
follow up the adsorption of 0.2 mM OTC in
solution containing increasing amounts of the
monmorillonite. The adsorption capacity,
mmol/L was calculated from the concentration
of the residual OTC after equilibration for 24 hr.
(Fig. 7) shows the adsorption capacity of
montmorillonite. The adsorption capacity
decreases exponentially with the increase of the
adsorbent content in the solution.

Kinetics of oTC
Montmorillonite
Several experiments were carried out to study
the effect of time on the extent of adsorption of
0.2 mM OTC. Because the adsorption starts

rapidly and extreme care must be undertaken to

adsorption on
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isolate solutions after definite interval of times
to ensure stopping the adsorption at the required
time. Most of the change in OTC concentration
occurred within the first 60 mins. The kinetic
plots are shown in (Fig 8). Beyond two hours,
the rate of reduction in residual OTC
concentration was relatively slow. Doi and
Stoskopf [13], reported that the presence of a
substrate (bentonite clay) resulted in an
approximate  17%  decrease in OTC
concentration within 5 min of contact. Thus,
search was focused on the determination of the
boundary between the rapid and the slow
process.

The two steps could not be resolved from the
normal adsorption extent plot versus time.
However, kinetic plots can be employed for the
resolution of rather overlapped processes related
to an overall change[18]. The plot indicates two
distinct segments of the adsorption process. The
first is rapid and extends from the beginning of
the process and proceeds upto 50 minutes and
characterized by the equation:

LogCs = —g -0.964 ......... .(3)

The second step is slow and extends over 20
hours and follows a well defined linear relation
ship as in the equation:

LogCs = —% -0.735 ... .(4)

Adsorption Isotherms:

The experimental OTC adsorption capacity
values of OTC onto montmorillonite, Cs, were
plotted versus the equilibrium  OTC
concentration, Ceq as in (Fig 7). The data fit
well with a linear relationship with R? of 0.993:

Co=5.5149C, +0.0182 ... ..(5)
0.4
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Figure 6: The pH dependence of OTC adsorption
on Iragi montmorillonite
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Figure 8: Kinetic plot for OTC adsorption on
Iragi Montmorillonite

The slope of the line was used to calculate the
overall sorption coefficient, Ky, (L/equiv) using
the formula:

d- Cs
Ceq(CEC)

where the CEC (meq/g) is the cation exchange
capacity of the clay, 76.59. The slope of the plot
was divided by the CEC value of the clay
mineral and the result was 0.072 I/meg. Sorption
coefficients were normalized to the sorbent
cation exchange capacity because interactions of
the OTC with specific charge sites on the clay
surface were anticipated (Fig.9). This Ky value
was comparable to that obtained for sodium
montmorillonite  for relatively high iron
concentration levels[17]. The data were also
fitted to Langmuir model and the isotherm
parameters were determined. The Langmuir
adsorption isotherm (1/C; versus 1/Cq) for OTC
on montmorillonite is shown in Fig.10. The plot
indicates a linear relationship that controls the
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adsorption with a correlation coefficient, R?, of
0.9178:

1/C, = 0.1427 (1/C¢q ) + 0.0809 (7
The applicability of the isotherm models can be
compared depending on the values of regression
coefficients (R?) that are regarded as a measure
of the quality of fit of experimental data on the
isotherm models[19]. The closer the R? value to
unity, the better the fit to the isotherm equation.
The OTC adsorption experimental data on
montmorillonite fit well to both models,
although the Langmuir isotherm model fits
better.

Mechanism of Adsorption:

When the conditions are set properly, OTC
adsorption capacities of <94% can be
experienced on Iragi Montmorillonite. The OTC
molecule possesses some functional groups
which facilitate the adsorption. However, the
model proposed by Hayes and Geiger[7], for the
environmental interfaces of tetracyclines with
the soil particles provides acceptable concept for
the interaction of oxytetracycline with the clay.
Generally, ortho - substituted anionic and
cationic groups on a zwitterionic molecule may

result in undesirable repulsive interactions
between the anionic moiety and the negatively
charged surface of montmorillonite and
disturbed sorption[20].
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Figure 9: Adsorption Coefficient plot of OTC
adsorption onto montmorillonite
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Figure 10: The plot of Langmuir adsorption
isotherm for OTC onto montmorillonite

Conclusion

From the results of the present study it can be
concluded that Iragi montmorillonite is a
potential sorbent for the removal of OTC from
wastewaters. Kinetic treatment indicated two
distinct adsorption steps: a fast and a slow
process. The adsorption is well fitted with
Langmuir model.
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