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ABSTRACT: A simple and sensitive, solid-phase extraction method for the removal of Citalopram drug from waste
water has been developed by using magnetic nanoparticles modified with surfactant sodium dodecyl sulfate. These
magnetic nanoparticles have shown great adsorptive tendency towards Citalopram drug. The effect of different
parameters influencing the extraction efficiency of this drug were investigated and optimized including the pH,
amount of the surfactant, contact time and temperature. The extracts were analyzed by ultraviolet spectrophotometry
at

nm. Under these conditions, the related standard deviation (RSD %) of the method at two concentrations ( and
µg.mL- ) was in the range of (

–

µg.mL-

) % (n = ). The calibration curve was linear in the range of -

of Citalopram drug with a correlation coefficient of >

.

KEYWORDS: Fe O magnetic nanoparticles, Citalopram hydrobromide, Waste water, Solid-phase micro extraction,
UV- spectrometry.

INTRODUCTION

Citalopram( -[ -(dimethylamino)propyl]- -( -

(metabolism

fluorophenyl)-

pharmacological profile of TCA s and SSRIs is

-dihydroisobenzofuran- -

carbonitrile) (CIT) with pKa=

and

pharmacokinetics).

When

is a bicyclic

compared, SSRIs have a different, and better tolerated

phthalate compound with a selective serotonin

adverse effect profile than TCAs [ ] and toxicity of

reuptake inhibitor(SSRI) and is used for treatment of

the SSRIs is comparatively low, but there have been

central nervous system (CNS) abnormalities such as

case reports of deaths in which CIT was strongly

anxiety, obsessive–compulsive disorders, various

suspected as causative agents [ ,

phobias ( agoraphobia and social phobia) borderline

cardiac toxicity has aroused concern [ , ] and some

personality disorder[ ]. For treatment of major

reports have shown that combination of SSRIs with

depression, two classes of anti-depressants are

other drugs have led to humans death [ ,

frequently used: a) tricyclic anti-depressants (TCAs)

In pharmacopoeias limit test and in some poisons

and: b) selective serotonin reuptake inhibitors (SSRIs)

regulations it is described that no more than

[ ]. The SSRIs differ from the TCAs in their chemical

one product will appear in another product (basis for

structure

heavy

and

in

their

mechanism

of

action

metals

in

starting

]. CIT drug’s

].

ppm of

materials).
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Therefore elimination of pervious product from tank

anionic surfactant is due to formation of hemimicelles

is necessary. On the other hand, the important sources

leading to the specific interaction between weakly

of

positive charge on drug’s molecule and the coated

water

pollutant

are

effluents

from

the

pharmaceutical factory, therefore, it is necessary to

anionic surfactant.

develop an efficient method for the removal of drugs

In this work we reported a simple and sensitive

residual in waste waters [

]. Some of the extraction

method using magnetic nanoparticles modified by

methods for this drug such as liquid-liquid extraction

surfactant sodium dodecyl sulfate for the pre-

(LLE), solid phase extraction (SPE) and solid phase

concentration and removal of Citalopram drug from

micro extraction (SPME) were reported [

waste water samples.

However,

these

methods

are

laborious,

,

].
time

consuming and need excessive amount of hazardous

MATERIALS AND METHOD

and expensive organic solvents. Therefore for routine
analysis of numerous samples, these methods are not

Chemicals including ferric chloride (FeCl . H O),

suitable. Solid phase extraction (SPE) for high

ferrous chloride (FeCl .

extraction efficiency, low consumption of organic

(HCl), sodium hydroxide (NaOH), methanol and

solvent, low extraction time for sample preparation

sodium dodecyl sulfate (SDS) were of analytical

and easy operation is the preferred pre-concentration

grades from E.Merck (Darmstadt, Germany). All

method [

aqueous solutions were prepared using doubly

,

].

H O) hydrochloric acid

Recently magnetic nanoparticles have been developed

distilled water. The water was purified on a mili–Q–

with interesting properties such as high chemical

ultrapure water purification system obtained from

stability and biocompatibility [

]. These particles

Milipore (Milford MA, USA). CIT was obtained from

have some advantages including: small size, high

Darou pakhsh Pharmaceuticals (Tehran, Iran) and

surface area to volume ratio, high magnetic properties

waste waters were obtained from Darou pakhsh

and effective ability for binding. For separation of

Pharmaceutical Factory.

MNPs from solution no centrifugation or filtration is

Instruments

required, but by use of an external magnetic field they

The spectrophotometric measurements were made at

are separated easily. For preparation of these particles

nm using Varian Cary

(USA)

different methods such as co–precipitation, micro

spectrophotometer equipped with

cm quartz cell

emulsion, thermal decomposition and hydrothermal

and D lamp. Transmission electron microscope

synthesis have been used. Among these methods, co–

(TEM) was from Philips EM

precipitation is a facile and convenient method. Pure

pH–meter model

magnetic particles tend to agglomerate in order to

stirrer from IKA (USA). For magnetic separations a

reduce their surface energy, thus to prevent this

strong magnet of NdFeB (

(Voltage

from Metrohm (Swiss) the

× × cm) was used.

phenomenon, modification of the NP surface is
required. However, these nanometer sized metal
oxides are not target-selective, therefore to overcome
this limitation modification of these magnetic nano
particles is necessary [

,

]. Due to high surface

area of these magnetic-nanoparticles, speedy removal
of the analyte takes place from the matrix. The
adsorption of drugs on these particles coated with

KV).

Figure .The Citalopramhydrobromide Drug.
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Preparation of standard solutions and real sample
Stock solution of CIT was prepared in methanol with
mg.mL- and stored in dark

concentration of
glass/bottle at
collected

ºC. Waste water samples were

from

effluent

of

Darou

pakhsh

Paharmaceutical factory and filtered with millipore
filter before extraction. The working solution was
prepared by spiking the drug in the waste water. The
calibration curve for this drug was achieved by simple
linear regression of drug’s absorbance versus its

Figure .TEM image of the synthesized MNPs, (magnification
).

concentration, and the concentration of drug in real
samples was calculated based on the obtained

Extraction Procedure

calibration curve.

Optimization studies were carried out according to the

Synthesis and Characterization of Fe O NPs

following procedure:

Fe O

nanoparticles were prepared by the chemical

ml of aqueous solution of the

-

CIT drug (

mg.L ) was added in a

ml of MNPs suspension (containing

co–precipitation method as following:
gr of FeCl . H O, gr of FeCl . H Oand
of HCl ( mol.L- ) were dissolved in

ml
ml of

ml beaker, then
mg of Fe O

NPs) was added to the solution and the pH was
adjusted to

, then

ml of SDS (

mg.mL- ) was

deionized and degassed (with ultrasonic) water. This

added to it. The mixture was stirred for

solution mixture was added drop wise to a beaker

enhance the drug’s adsorption efficiency Using a

containing

-

ml of

(which was heated to

mol.L NaOH solutions
o

C) under nitrogen gas for

min with vigorous stirring by a stirrer (
+

prevent the oxidation of Fe ions [

rpm) to

strong magnet placed at the bottom of the beaker,
Fe O

NPs were separated quickly from sample

solution.
The magnet was removed and the supernatant was

].

During this whole process, the temperature of the
solution was maintained at

min to

º

C and nitrogen gas was

separated. The CIT concentration in the supernatant
clear

solution

was

determined

by

a

UV

used to prevent the intrusion of oxygen. After

Spectrophotometer at

completion of the reaction, the obtained Fe O NPs

following equation was applied to calculate the CIT

precipitate was separated from the reaction medium

removal efficiency: CIT removal efficiency

using a magnet and washed with

ml deionized

( )

water four times. Finally, the obtained MNPs were resuspended in

(

nm against blank. The

(

)
⁄ )

ml of the degassed deionized water.

The pH of obtained suspension was

and the

where C

and Cr are the initial and residual

suspension of prepared MNPs was stable up to one

concentrations of the CIT in the solution (mg.L- )

month. The synthesized MNPs were characterized

respectively.

using transmission electron microscopy (TEM) and is
shown in Figure . As it can be seen the particles
diameter is lower than

nm.

RESULTS AND DISCUSSION
Effect of pH
pH is one of the prime factors influencing the
adsorption behaviour of mixed hemimicelles system.
The isoelectric point at pH=

(pHpzc) for the Fe O
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nanoparticles was reported earlier [

,

]. When the

study, the effect of pH between

to

was examined.

pH was below the pHpzc ,Fe O NPs surface was

The absorption performance of the drug is illustrated

positive and the anion surfactant can be sorbed to the

in Figure . Results show that the best pH for these

Fe O NPs surface to form mixed hemimicelles. In this

studies was

. Therefore this pH was selected

.
Figure .The adsorption performance of CIT as a function of
samples pH.

Figure . Adsorption efficiency of SDS-coated MNPs as a function
of the amount of SDS added.

Influence of SDS concentration

Effect of ionic strength and contact time

To modify the surface of MNPs, SDS was added to

The effect of ionic strength on the adsorption of CIT

the solution and by coating different amounts of SDS

was investigated by addition of NaCl in the range of

on the surface of nanoparticles, adsorption of CIT
drug was investigated on it. Admicelles were formed
on surface of NPs by increasing the surfactant
concentration. The results show that increasing the
SDS amount, leads to the formation of SDS
aggregates (hemimicelles, mixed hemimicelles or
admicelles), and the adsorption amount of the drug
increases remarkably. Maximum adsorption was
obtained when SDS amount was mg in the mixture.
At higher amounts of SDS, the adsorption of the drug
was decreased; it may be due to the formation of SDS
aggregates in the solution which can compete with
formation of SDS aggregates on the surface of Fe O
.The results of the effect of SDS amount on
adsorption of CIT is shown in Figure .

–

( w v ). It is found that it has no effect on

adsorption of CIT drug. Results of contact time
indicate that the adsorption of CIT increases with
contact time up to

min, and after that maximum

removal is achieved. Therefore,

min was the

optimum contact time.
Effect of solution temperature
The effect of temperature on the adsorption of CIT
was investigated in the range of

to

o

C. It is

observed that that increasing the temperature has no
effect on adsorption of CIT on the adsorbent.
Analytical application and performance
Under the optimum conditions described above,
quantitative

parameters,

such

as

linear

range,

correlation coefficient, limit of detection and precision
were evaluated. The calibration curve was linear in
the range of

to

µg.mL- . For a sample volume of

ml the calibration equation was A=
(R =
extract at

C +

). Where A is the absorbance of the
nm and C is the concentration of CIT in

the sample solution in µg.mL- . The precision of the
analytical method was studied using eight replicate
experiments containing each

and

µg.mL- , and the
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relative standard deviations (RSD) were

and

, respectively. The accuracy of the method was
evaluated by the recovery test carried out with spiked

autopsies and living persons. International Journal of
:

Legal Medicin.

-

.

. Ostrom M., Eriksson A., Thorson J., Spigest O.,

waste water samples.

:

. Fatal overdose with citalopram.Lancet.

Analysis of CIT in waste water samples

-

.

In order to validate the developed method, it was

. Howland R.H.,

. A critical evaluation of the

applied to a number of waste waters samples (n= ).

Cardiac Toxicity of Citalopram.Psychology&Society

The water samples were analysed before and after

Journal.

-

spiking

µg.mL of CIT under optimized conditions.

The results are recorded in Table .

: -

.

. Cooke M.J., Waring W.S.,
cardiac

Toxicity.Eur.
:

Pharmacology.
Table .Determination of CIT in waste water samples.
Waste water sample

…… CIT

Real Sample

µg.mL-

Real Sample

µg.mL-

RSD

Journal

-

of

Clinical

.

. Singer P.P., Jones G.R.,

n

. An uncommon

fatality due to moclobemide and paroxetine.Journal of
:

Analytical Toxicology.

-

.

. Neuvonen P.J., PohjolaSintonen S., Tacke U.,

(Spiked with CIT.
µg.mL )

Vuori E.,

n = number of samples measured

Syndrome
moclobemid

CONCLUSION

.

A novel SPE method based on SDS–coated Fe O NPs
sensitivity,

simple

synthesis,

rapid,

inexpensive, using little amount of nanoparticles and
harmless to environment, has been developed for the
removal and determination of trace amounts of
Citalopram drug in waste water streams.
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