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INTRODUCTION

Naproxen is one of the pharmaceuticals consumé&atge quantities in modern society. It is mainged as
non-steroidal anti-inflammatory drug (NSAID) (Cuar@orrea, E.M., Dominguez-Vargas, J.R., OlivaresiMa
F.J., de Heredia, J.B., 2010). Naproxen also censtlone of the Pharmaceuticals and Personal Cadeds
(PPCPs) (Garcia, S.0., Pinto, G.P., Encina, P.@taMR.l., 2013). Significant amounts of these draigd their
metabolites have been reported in wastewater tezdtplant (WWTP) effluents and natural waters (Yy,Lin,
AY., Lateef, S.K,, Lin, C., Yang, P., 2009). Moxer, the stability of specifically naproxen in thaw
materials or in the final products could be changeder abnormal conditions such as temperaturét, lig
humidity, and pH that could produce more toxic prtd such as 1-(6-methoxy-2-naphthyl) ethanol (MBlE]
2-methoxy-6-ethyl naphthalane (MEN). As a resulttluf alteration strict, international regulatios being
implemented to detect these materials in the ratenads. Although NSAID & PPCPs are usually presant
parts-per-trillion levels, studies have shown tbag-term exposure to wastewater effluents may eaglverse
impacts to aquatic species (e.g., feminization) tluethe endocrine disruption activities of some toé
mentioned products (Onesios, K.M., Bouwer, E.J1,220

Degradation process of naproxen has been coverddifferent effluents such as wastewater treatment
plants (WWTPs) and rivers, and it was found thag¢ati phototransformation and biodegradation comsiti¢o
be as possible elimination processes (Cuerda-CoE®4., et.al., 2010; Onesios, K.M., Bouwer, E2D]12;
Méndez-Arriaga, F., Esplugas, S., Giménez, J., 008

Several liquid chromatography methods were regofte individual and simultaneous determination of
naproxen and other anti-inflammatory drugs in husenum and urine and in pharmaceutical preparati®oth
recommended methods, United State Pharmacopeighen@ritish Pharmacopeia, describe the analysis of
naproxen in formulations and raw materials for telacompounds using thin layer chromatography. Hewe
these methods are time consuming in addition ta@tmeplexity of their separation systems when usinlgents
and other chemicals (Monser, L., Darghouth, F.,3200
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To avoid time consuming, complexity of the separatsystem and chemical use, the preconcentration
technique represents an essential step for vergtmeentration before chromatographic analysis.

Solid Phase Extraction (SPE) coupled with HPL®rfascence detection could obtain lower detectiwit li
compared with other expensive and time consuminthoaks in the environmental samples (Katsumata, H.,
Mizuno, H., Kaneco, S., Ohta, K., Suzuki, T., 2008)us in this work SPE was implemented, at theesime
THF was used as a solvent. The main factors affgc@PE efficiency were investigated; finally thempssed
method was applied for the determination of napnareenvironmental samples from two different rivevith
satisfactory results.

Experimental:
Chemicals and reagents:

Naproxen, HPLC grade methanol, Tetrahyrofuran (Ikere purchased from Wako Pure Chemical
Industries (Osaka, Japan) and used without further purificati®raphite carbon powder (GCP; 57-106 um,
15.7 nf/g) was provided by (Nacalai Tesque Kyoto, Japan).

Preconcentration procedure:

Investigated values of GCP; 50mg to 200mg werd&gxhin a glass SPE cartridge (50 mm, 10 mm i.d.) as
an adsorbent agent. Naproxen working standards freshly prepared from the stock solution by diluitwith
the appropriate volume of the mobile phase ancedtat 4C. The selected concentrations for naproxen were
varied from 5.0 ppb to 20 ppb. Selected initial @amration of haproxen was varied and sample swiy(200
ml) was spiked with the desired concentrations agroxen. After adjusting pH values from 2 to 1iImpkes
were allowed to pass through the SPE cartridges gdglifferent constant flow rates (1 to 2.5 mL/mihhe
retained naproxen was eluted from GCP with isocnaiixture of 80/20 (v/v) THF/Me with 1ml/min flowate.
Dissolved naproxen in the eluted sample was medsiirectly with the HPLC system. Blank samples with
naproxen but using the same solvent were set theisame way and passed through SPE for the sateptesd.
Blanks and control experiments were carried othénsame manner to make sure that, the quantitatiabysis
is very accurate. Optimal experimental conditiorssevmobtained when sample flow rate; 1.5mL/min, etsat
amount; 150mg, pH;3, desorption solvent; (THF:Me2, 8NaCl concentration; 1%. Under the mentioned
experimental conditions, enrichment factor wasualted according to the following equation:
Enrichment factor=C /L
Where;
C: Concentration of naproxen in the sample aftec@ncentration.
C.: Concentration of naproxen in the sample befoeg@ncentration

I nstrumentation and chromatographic conditions:

The HPLC system composed of Model GL-7410 pump (Gkience, Tokyo,, Japan); UV
Spectrophotometer model GL-7450 (GL Science, Tagkjapan). Separation was carried out by column (ODS
2), 150 mm L x 4.5 mm i.d., (GL Science, Tokyopaa). HPLC was equipped with a fluorescence detecto
Injected samples were 20pL. The mobile phase wasisted of an isocratic mixture of phosphate bufffieay
be NaHPO, with H;PO, at pH 6.4) / EtOH 30/70 (v/v). The flow rate wadjusted at 1.5 ml/min. Stable
chromatographic conditions were obtained when #teaor wavelengths were set at 272 nm excitatod,
250 nm emission as shown in Fig.1.
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Fig. 1: Naproxen excitation (A) and emission (B) spectra.
Naproxen concentration :lg/mL.



658 A. Dabwan Ahmedet al, 2014
Australian Journal of Basic and Applied Sciences, (@) Special 2014, Pages: 656-661

Preconcentration procedure:

Tested amount of the packing graphite powder veakgud in SPE glass cartridge (50mm x 10 mm i.d.).
Sample solution (200mL) spiked with 10 ng thaf naproxen through the SPE cartridge as a confitamrate
(sucking pump was used to control the flow). pHtlof tested samples were adjusted (2-10) witBQ@4 or
NaOH. The adsorbed amount of naproxen was eluted firaphite powder with 1 ml THF/Methanol (8/2).€Th
analytes in the eluted samples were determinedRiyCH

For quantitative analysis, standards were prep@recbmparison and calibration curve was estabtish

RESULTS AND DISCUSSION

Effect of flow rate:
Flow rate effect was investigated at differentflmate from 1 to 2.5 mL/min as shown in Fig. 2. €nthe

experimental conditions, as expected increasing flate causes decreasing in the enrichment faGqimum
flow rate was obtained at 1.5 mL/min. therefora thalue was taken for further study.
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Fig. 2: Effect of sample flow rate on the enrichment facto
Sample : Naproxen 10 ng/mL, 200mL

pH of sample : 5.6

Adsorbent: graphite powder 200 mg

Desorption: THF:Methanol (8:2) 1 mL

Effect of absorbent amount:
GCP has been used in many applications as a kuahlsorbent agent (references). Amount testedirwas

the range from 50 to 200 g. Fig.3 shows the efféetbsorbent amount on the enrichment factor wircleases
with the absorbent amount till 1509 then decregsesumably due to the saturation; therefore 150g wa
selected for further study.
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Fig. 3: Effect of absorbent amount on the enrichment facto
Sample : Naproxen 10 ng/mL, 200mL

pH of sample : 5.6

Flow rate : 1.5 mL/min

Desorption: THF:Methanol (8:2) 1 mL

Effect of initial pH:
The effect of the pH on the enrichment factor whscked with a solution containing 10 ppb of naprox

Different pH values were checked from 1 to 11. Adijuent was carried out by adding the appropriat@siof
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hydrochloric acid or sodium hydroxide solutionghe naproxen samples. The maximum recovery wasneota
at low pH range (1-2) as shown in Figure 4. Fothfeirr study, pH 3 was selected to avoid using moheest
and to protect column damage.

Fig. 4: Effect of initial pH of sample on the enrichmeattor.
Sample : Naproxen 10 ng/mL, 200mL

Flow rate : 1.5 mL/min

Adsorbent: graphite powder 150 mg

Desorption: THF:Methanol (8:2) 1 mL

Effect of desorbent solvent:
Suitable desorbent solvent is an essential critdricsolid phase extraction methodology.

In order to examine the effect of the desorbertest volume, solution containing different volume
percentages of THF/(THF+Me) 10, 50, 60, 70, 80, D00 were tested. Fig. 5 shows the results, where
maximum enrichment factor was obtained at THF/ (¥ME) with 90%, however unstable baseline was
noticed, therefore 80% was selected for furthedystu
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Fig. 5: Effect of desorption solvent on the enrichmentdac
Sample : Naproxen 10 ng/mL, 200mL

Flow rate : 1.5 mL/min

Adsorbent: graphite powder 150 mg

pH:3

lonic strength:

It is well known that ionic compounds, when disgal in water, dissociate into ions. The total etdgte
concentration in solution will affect its importaptoperties such as; the dissociation or the slitiybof
different salts. In order to evaluate the ioni@sgth influence different amounts of sodium chlerngere added
into the tested samples within the range from 042&EI| concentration. Extraction improved for theimnt
samples treated with NaCl till 1%. Signals also eveemained constant in the mentioned range. Sudden
decrease was noticed at concentration higher thamNaCl. Based on the obtained result 1% salt wixtss
as the optimal value in order to prevent any negatifluence of the original ionic strength of tsemples.

Limit of detection and quantification:
For the purpose of quantitative analysis, a catibn curve for naproxen with concentrations raggnom
5 to 20 ppb spiking standards directly into distllwater and extracted under the same optimal tonsli
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mentioned earlier. As shown in Fig. 6, linearitysnabserved over the range of 5 to 20 ng/l with metation
coefficient (R) of 0.9999. The detection limit based on a signatoise ratio (S/N) of 3 was 9 pg/mL. The
precision of this method was determined by anatymstandard solution at 10ng/L of naproxen for 8esm
continuously and the relative standard deviatioBiRwas 15%. The enrichment factor was 145 for 200
sample solution.
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Fig. 6: Relationship between concentration & intensity.
Sample : Naproxen 10 ng/mL, 200mL

pH of sample : 3.0

Flow rate : 1.5 mL/min

Adsorbent: graphite powder 150 mg

Desorption: THF:Methanol (8:2) 1 mL

Determination of naproxen in environmental samples:

The proposed method was applied to the determimadf naproxen in environmental samples. Two
different rivers were selected for this purposee Hecuracy of this method was assessed througharorgp
virgin samples with spiked samples. Optimum coondgi were used to conduct the assessment (napréxen 1
ng/mL, 200mL; GP 150 mg, flow rate; 1.5 mL/min, TMe; 80/20, desorption flow rate 1 mL/min). Results
are tabulated in Table 1. River samples were spikéd 10ng/L in order to evaluate the recovery. The
recoveries of the spiked samples were in the rénoge 89% for river A & 94% for river B, with simifarelative
standard deviations of £1.7 for both rivers.

Tablel: Determination of Naproxen in environmental sampheshe proposed method.

Concentration of Naproxen (ng/L)
Sample Added Founded Recovery (%)
River A 0 nd -
10 8.9+1.7 89
River B 0 n.d. -
10 9.4+1.7 94
Number of analysis; >3, n.d.; not detected

Conclusion:

A new sensitive and accurate method for determ@nanaproxen in environmental samples was
successfully developed by solid phase extractiompleal to high-performance liquid chromatographyhwit
fluorescence detection. Enrichment factor reachdstb & the detection limit was 9 pg/ml without mgiexcess
of solvents and other chemicals. This method cteldised to detect other NSAID and/or PPCPs compound
that characterized with very small concentrationaquatic environmental samples.
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