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ABSTRACT

In this work, The CuO nanoparticles were charaated which developed a novel CuO nanoparticle-asbistatrix
solid-phase dispersion (CuO-MSPD) method for eximac of doxycycline (DC) from environmental samples
Spectrophotometric determination was developedsiation and pre-concentration of doxycycline foamuatic
and CuO nanoparticles (NPs) was used as a sorfiémt.unique properties of CuO NPs including highfasee area
was utilized effectively in the MSPE process. Tifeceof the different parameters such as pH, etioa time,
effect of the salt, nanoparticle amount and extoactemperature have been studied. Under optimipediition, the
method was successfully applied to the extractioB®© from aqueous samples and relative recoverywnof
87%, detection limit of 25ug L-1 and a relativergtard deviation (RSD) of 2.3% were obtained. Ththotklinear
response was over a range of 10-50000ugL-1 with-R29968. The relative recovery in aqueous matrices
investigated and values of 89% were obtained. Thelavprocedure showed to be conveniently fast agt h
extraction efficiency of DC from real samples.
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INTRODUCTION

Antibiotics are an important group of pharmaceusidhat are released to the aquatic environmerdifferent

pathways and have been detected in various acqgmtioonments such as ground water, agriculturateveester and
in drinking water [1-3]. The animal excreta are siubstance send up in manure that are either storapplied as
fertilizers. They are generally weakly absorbedtmsy human body and thus defecated either unchamgeliered,
viaurine or feces [4].

There is an increasing interest about their exegtepersistence and fate in the environment bedauséevels of

antibiotics can help the proliferation of antib@mtiesistant bacteria. Tetracyclines (TCs) congtitute of the most
important antibiotic families, ranking second inoguction and usage worldwide [5]. Among 25 antiomt

tetracycline (see fig 1) was the most commonly etetéantibiotic, being present in 80 % of the waster in fluent

and sewage. Doxycycline (DC) is one of the kindsaofibiotics of the TC family containing the 3 dikeate

configuration. Its curative effect is superior twat of TC. It is critical to develop reliable, rdpiprecise and
economical analytical procedures for monitoring Tkt are harmless to the environment as wellhisiregard, a
tremendous technique for separation and removalGsf has been reported [6—9]. Some researcherspnapesed

the adsorption of TCs on oxide minerals [10, 1B;-Mn binary oxide [12], sediments [13], humic sabses [14]

and clay minerals [15]. But the problems for apgtiicn of these adsorbents are their reusabilitporal efficiency,

adsorption capacity and/or long equilibrium timberefore, a reliable and well-defined method i &ti need

despite a few methods currently available.

Substances in the nanometer range are expectadiititenew properties for a wide range of applioas, including
catalysis, optics, microelectronics, and sorbe®-18). One of the most interesting and promisiredds is the
research on metal-oxide nanoparticles. Copper qxid®) is one of the relatively few metal oxideatttends to be
p-type. Its nanoparticles are capable of, for examgatalyzing the oxidation of CO at mild temparas [19] and

61
http://www.easletters.com/issues.html



Mahmoud Ebrahimi et al Entomol. Appl. Sci. Lett., 2016, 3 (4):61-67

improving the thermal stability of phenolic res[@€]. Therefore, many methods have been attemptsgrithesize
nanostructured copper oxide, such as the sonochemmethod, sol-gel technique [21-22], one-stepdssiate
reaction methodat room temperature [23], electroit@ method [24], thermal decomposition of preouss25],
and co-implantation of metal and oxygen ions [ZH}e aim of the present study was to develop a &mapid
reliable p-SPE method based on CuO nanoparticlethéopreconcentration and determination of traneunts of
DC in aqueous sample. Affecting factors of the aotipn efficiency of DC were investigated. This heztology has
not been employed previously for the determinatibtrace amounts of DC in aqueous sample.

MATERIALS AND METHODS

Apparatus

A Shimadzu UV 160 spectrophotometer with using leprartz cells was used. The ultrasonic processparagus
model UP-100H (Hielscher-Germany) was used inghigy. The FT-IR instrument that was used for réicay the
infrared spectrum was M-500 Fast-Scan IR SpectrenBuck Scientific,

East Norwalk, CT 06855, USA). The transmission tetec microscopic analysis used a Jeol 2010 instniméth
an accelerating voltage of 200 kV.

X-ray powder diffraction patterns of the productsresrecorded on a Shimadzu XRD-6000 x-ray diffraretter at a
scanning rate of 0.05°s-1 in the 2h range fromol80F with high-intensity Cul radiation (u=0.154178 nm).

Reagents and solutions

All reagents used were of analytical reagent gtk used without further purification. Deionizedt&rawas used
for all solution preparation throughout the expents. Standard stock solutions of DC1000 mg.L-1 prapared
by accurately weighing and dissolving appropriateoants of doxycycline in methanol and was kept in
refrigerator at a temperature below@. The working solutions were prepared daily byrapgate dilution of the
stock solution in deionized water.

Synthesis of CuO nanoparticles

300mL aliquot of 0.02 mol.L-1 copper acetate agsesalution was mixed with 1.5 mL of glacial aceditd in a
round-bottomed flask equipped with a refluxing @eviAcetic acid was added to prevent hydroxylatbiCu2+

ions. The solution was heated to 90 °C with stgriSubsequently, 0.96 g of sodium hydroxide asaieduagent
was added into the above solution and stirred Somin until the value of the mixture reached pH-5.5where a
large amount of black precipitate was formed. Afieing cooled to room temperature, the resultaspesusion was
stirred with ultrasonic horn for 70 min. Finallyettprecipitate was centrifuged, washed once witheddgstilled

water and three times with ethanol, respectivetyl dried at room temperature for 24 h. The obtaihgdblack

powder sample was used for further analysis .

DOX sample
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Fig. 1. FT-IR (a) and UV-VIS (b) spectrums of doxygcline
The absorption spectra of the doxycycline have maxium absorbance at 280 nm.

u-SPE procedures

10mg CuO nanoparticles were added to 10 ml soluifolh mg L-1 DC and were mixed on a shaker by andef
rate. The solution was centrifuged for 5 minuteS®0 rpm. In this step, the nanoparticles wereditgpd and the
tap solution was removed. Then 0.5 ml of methared added to CuO nanopatrticles, after mixing andriéeging

62
http://www.easletters.com/issues.html



Mahmoud Ebrahimi et al Entomol. Appl. Sci. Lett., 2016, 3 (4):61-67

(5000 rpm, 5 min), the nanoparticles was deposited the enriched methanol of analysis was traresdeto the
spectrophotometric cell. The absorbance before edted adsorption of the DC were measured. Pre-curate
factor =A2/A1. A1 and A2 are the adsorption befanel after extraction respectively.

RESULTS AND DISCUSSION

Absorption and FT-IR spectrums of doxycycline
Fig. 1 shows the FT-IR UV-VIS spectrums of doxyayel (30 mg.L* in HCI 0.1 N). The following characteristic
bands can be observed: aromatic ring at 1600—1508 EONH, at 1650 crit; and COOH at 1700 crh

FT-IR spectrum and characterization of CuO nanoparicles

Fig. 2 has shown the FT-IR spectra of CuO nanagesti which indicates three adsorption peaks okseat 437
cm?, 532 cm® and 584 cil. These frequencies modes are due to Cu(l)-O & Ganoparticles which are in good
agreement with the previous reports [27].
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Fig. 2. FT-IR spectrum of CuO nanoparticles

The morphology of the product is examined by trassion electron microscopy (TEM) images of CuO
nanostructures (see fig. 3), the average partigke is about 20 nm, according with the calculatetl®. XRD
patterns (Fig. 4) of the products obtained areeatik the single-phase CuO with a monoclinic stmectand the
diffraction data were in good agreement with JCRR&I of CuO (JCPDS 80-1268). The peak broadeniearlgl
indicates the small size of the products. The gyeize of the CuO nanoparticles is estimated ta&23 nm
according to the Scherrer equation [28].

Fig. 3. TEM image of the CuO nanoparticles
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Fig. 4. XRD pattern of CuO nanoparticles

Effect of nanoparticle amount
The pre-concentration factor of DC on CuO nanolaiavas studied at different adsorbent amount —Z0mg),

DC concentration of 2 mg'l, pH 5.0 and agitation time of 10 min. Figuretbws that by increasing the amount of
adsorbent up to 10.0 mg, the adsorption of DC aexd. This could be explained by this fact thaterastsorbent
became available for adsorbing the DC moleculeghEBuaddition of the adsorbent did not show asignificant
change in Concentrate factor of DC. Thus, 15.0 fmthe nanoparticles was chosen as the optimum atrfoun
performing the following steps of the optimizatiprocedure.
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Fig.5. Effect of the amount of CuO nanoparticles oextraction efficiency of DC. Experimental conditims: pH 5.0; DC concentrations of
2.0 mg Lt extraction time of 10 min and amount of NaCl 15%wi/v.

Effect of pH of aqueous sample
As is well known, compounds will be present asaddht states in the different pH environments, gaedsample

pre-concentration is related directly to the présstate of the compounds in most cases. In thegsexp new
extraction procedure, pH of sample solution woditbtv an important impact on the pre-concentratiérDG.

Therefore, the effect of sample pH was optimizedrahe range of 2—-10 by adding the appropriate dofdoric
acid or sodium hydroxide solution to water samplBEse results confirmed that the DC extraction panfance
reaches a better level at pH 5. In the pH abovbetow than 5, the extraction efficiency decreassguldly. It is
supposed that, it is due to the occurrence of diegi@an under high alkaline condition. Based on dligh
consideration, pH 5 was selected for further expernits (see Fig. 6).
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Fig. 6. Effect of pH of DC solutions on extractiorefficiency of DC, Experimental conditions: CuO amouat of 15.0 mg; initial DC
concentrations of 2.0 mg [; shaking time of 10 min and amount of NaCl 15% w/v

Effect of extraction time

Extraction was performed from 2 to 20 min to defeerthe effect of extraction time on the methodcefhcy (see
fig 7). The effect of extraction time on the extiao efficiency of DC is shown in Fig. 7. the analyhe highest
increase in the extraction efficiency in the perafdl0 min. Afterwards the extraction efficiency needecreased
with increasing of extraction time. Perhaps dissofuin water solution causes this incident. Spedod of 10 min
was used for the subsequent experiments.
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Fig. 7. Effect of extraction time on extraction efitiency of DC, Experimental conditions: CuO amounbf 15.0 mg; initial DC
concentrations of 2.0 mg [*; pH 5.0 and percent of NaCl 15% w/v.

Effect of solution temperature

The effect of temperature on the extraction of @itson was investigated at pH 5.0 while a shakinge of 10.0
min was performed. The results showed that theaetitm efficiency of the DC as a function of tengdare in the
range of 25-50° C was not significantly affectediémperature.
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Fig. 8. Effect of NaCl percent on concentrate factoof DC, Experimental conditions: CuO amount of 150 mg; initial DC concentrations
of 2.0 mg LY pH 5.0 and shaking time of 10 min.

Effect of salt into aqueous sample

It is well known that the addition of salt can iease or decrease the extraction of analyte [29.éffect of salt on
extraction was studied by varying the amount of Naithin the range of 0-20% (w/v) (see fig8). Téeraction
efficiency increased for DC at salt concentratigrioly 15% (w/v), resulting, presumably, from thetisglout

effect. However, apart from the salting-out effatie presence of salt can change the physical pgrepef the
extraction film in the interface of aqueous feetlon and sorbent. It may lead to change of theeags activity
coefficient of analytes, thus increasing the diffusrates of the analytes into the sorbent. Theaetibn efficiency
decreased slightly for solution with 20% (w/v) s&bmewhat surprisingly, extraction efficiency deged with
increasing salt concentration for DC. The effectNafCl on the extraction of DC is probably due tdtisg-out
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effect, which decreases the solubility of the atelyand thus increases their partition [30] intscabent. So, further
extractions were carried out at addition of 15%vjwgalt.

Calibration curve and real samples analysis

For constructing the calibration curve (Fig. 9ar&tard DC solutions with different concentratiorsrevprepared
and their absorbances were measured by UV-Visrgpeeter at 280 nm. Applicability of the proposectinoel to
real samples was evaluated by extraction and detation of spiked DC in tap water (dezful city,ijaas reported
in Table 1.
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Fig. 9. Calibration curve constructed at 280 nm

Table 1. Percent recovery results for spiked DC imater samples (n = 3)

Sample Added| Found | Recovery| RSD %
(mg/l) | (mg/l) % (n=3)
0 ND

Tap water

15 14.50 96 2.04
25 25.96 103.0 1.31
*Not Detected

CONCLUSION

In this research, CuO nanoparticles were used terv&ample in order to extract and determinatioD@Gf In this
method, the extraction can be done faster andreagiasing CuO nanoparticles. Moreover, using smaalbunt of
solvent not much wastewater is produced and medathis a cheep and affordable method. This mettend be
used in environmental pollution control organizagppharmacy companies and clinical diagnosis &bades.
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