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Summary 
Iota-carrageenans were prepared and modified by cross-linker (glutaraldheyde) using 
spray-drying in order to adsorptively remove a pharmaceutical compound (metropolol 
tartrate) from aqueous matrices. 

 

Introduction 

Pharmaceuticals are of scientific and public concern as newly recognized classes of 
environmental pollutants and are receiving considerable attention with respect to 
their environmental fate and toxicological properties over the last 15 years. 
Metropolol tartrate (MTT), is a selective β1 receptor blocker used in treatment of 
several diseases of the cardiovascular system, especially hypertension. The active 
substance metoprolol is employed either as metoprolol succinate or as metoprolol 
tartrate. The tartrate is an immediate-release and the succinate is an extended-
release formulation. The residue of MTT in manure andsoils may affect soil microbial 
and enzyme activities. Adsorption is a potential technique to remove MTT and 
overcome the pollution of pharmaceuticals in the environment. As adsorbent 
material, iota-carrageenan as potential super-adsorbent material was tested. 

 
Synthesis of i-carrageenan (ι-CAR) 
ι-CAR was first dissolved in distilled water under mechanical stirring and at 60 oC. 
When dissolution achieved, glutaraldehyde solution (50% in water) was added in 
order to prepare a solution containing GA 5%wt in ι-CAR. The solution was left to stir 
for 10 min and then it was spray-dryed. Microparticles were obtained.  

 

HPLC Analysis 

Analysis of metoprolol was performed with HPLC-DAD by using a CNW Athena C18, 
120 Å, 4.6mm *250mm, 5μm. Water (A) and methanol (B) were the elution solvents. 
The samples were eluted according to the following gradient: 90% B as initial 
condition; 50% B for 10 min; 20% B for 2 min, followed by 3 min90% in B 
equilibration time and the total run time was 16min. The column temperature was 40 
oC and the flow rate 1ml/min. Chromatographic data were acquired at the 
wavelength of 223 nm. Identification of metoprolol was achieved by comparing the 
retention time and UV spectra of metoprolol standard. 

 



Results and Discussion 

Microparticles were at the range of 20-40 μm in size, as SEM showed. XRD patterns 
showed that Metoprolol is adsorbed on matrix in its amorphous form, due to the 
observation that no XRD reflex of the drug was found.  

 

Figure 1. SEM photos of MMT adsorbed. 

The experiments for the pH effect showed that the optimum value was at alkaline 
conditions (pH=6), while the maximum theoretical adsorption capacity was found to 
be 85 mg/g at 25 oC. The latter was found after fitting to the combinational isotherm 
model of Langmuir-Freundlich. The adsorption was reached at equilibrium very 
quickly (~50 min) after testing the optimum adsorption contact time.  

 

Conclusions 

Metoprolol tartrate was adsorbed in matrix in its amorphous form. The synthesis of ι-
CAR was effectively acted for the isolation (removal) of MMT compound from 
aqueous matrices, presenting 85 mg/g maximum theoretical adsorption capacity. 
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SEM was used to examine the morphology of the prepared
microparticles. It was found that microparticles were smooth on the
surface, spherical in scape and 15-20 μm in size.

FT-IR showed that crosslinking of iota-carrageenan with 
gloutaraldehyde was achieved. 

Introduction
Many researchers attempt to find the best way for the treatment of drug compounds existed in aquatic media or effluents. Recently, the removal of drugs
(pharmaceuticals, antibiotics etc) with adsorption is characterized as one of the most promising techniques, due to its convenience once applied into current water
treatment processes. However, a few number of works have been done about the use of carrageenan as adsorbent materials and among them, the majority refers to dyes
or metals/ions removal. Carrageenans are hydrophilic polymers, i.e. polymers that hydrate, swell and/or dissolve in aqueous environment. They are composed of D-
galactose residues and they are classified according to the degree of the substitution that occurs on their free hydroxyl groups. Iota-carrageenan is 32% and kappa-
carrageenan 25% substituted with ester sulfate groups. Metropolol tartrate (MTT) is a selective β1 receptor blocker used in treatment of several diseases of the
cardiovascular system, especially hypertension. The residue of MTT in manure and soils may affect soil microbial and enzyme activities. Adsorption is a potential
technique to remove MTT and overcome the pollution of pharmaceuticals in the environment. As adsorbent material, iota-carrageenan as potential super-adsorbent
material was tested.

Preparation of carrageenan/glutaraldehyde microparticles (CAR/GLA)
Carrageenan microparticles (kappa or iota) were prepared after cross-linking with GLA in aqueous medium at 80 °C. In brief, carrageenan (either kappa or iota) was
initially dissolved in distilled water at 80 °C under mechanical stirring forming solutions of 1% w/v. The adequate quantity of GLA was added in the solution at final
concentration 2.5 and 5% wt. The solution was then left under magnetic stirring for 15 min at 60 °C and spray-dried using mini spray-dryer. The microparticles
obtained cured in oven at 110 °C for 45 min, washed with water and ethanol and dried at room temperature till constant weight.

SEM micrographs of spray-dried
microparticles iCAR/GLA5

Adsorption experimental procedure

Experiments were carried out using 1 g/L of adsorbent each time and samples were taken
at predetermined time intervals and filtered using 50 μm pore size filtration membrane.

 For the pH-effect experiments the solution pH was initially adjusted with aqueous
solutions of acid or base (0.01 mol/L of HCl and/or 0.01 mol/L NaOH) to reach pH
values of 2-12.

FT-IR spectra of the prepared spray-dried 
microparticles

At low pH values (pH 2; strong acidic
conditions), the MPT removal is near zero
(2%). Increasing the pH from 2 to 4, the
respective removal also increased (to 32%).
At pH 6, the removal was further enhanced
reaching 62%, but after this pH value, a
decrease was observed (pH 8, 54%; pH 10,
50%; pH 12, 21%). This pH-behavior is due
to the ionization of different functional
groups of the adsorbent (hydroxyl, sulfate)
and pharmaceutical (amino, hydroxyl,
carboxyl) over the pH range.
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FT-IR spectra of metoprolol adsorbed showed that metoprolol forms
hydrogen bonds with polymer matrix and metoprolol during
adsorption studies.
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