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Due to excessive use, pharmaceutical active components are continuously inputted in environmental matrices. The residues of pharmaceuticals are present at very low concentrations (nanogram per liter or lower). However, they are biologically and physiologically very active. Drugs are mostly excreted via some organs of human body, in original forms or as metabolites, and they enter to water matrix through sewage disposal systems. Conventional wastewater treatment plants are not designed for successful elimination of emerging micropollutants, so effluents represent its major source. 
Non-steroidal anti-inflammatory drugs (NSAIDs) represent pharmaceutical class, which is often used due to its analgesic, antipyretic and anti-inflammatory properties. Naproxen (C14H14O3), 2-arylpropionic acid derivative, is one of the most frequently detected NSAIDs in domestic wastewater and surface water as the consequence of its low tendency to sorb on active sludge. 
[bookmark: _GoBack]The aim of this study is to investigate the possibility of separation of naproxen by using commercial activated carbon. The experiments were performed by batch adsorption mode. In order to analyse adsorption equilibrium, different concentrations of naproxen were used. The adsorption equilibrium data were analysed by Freundlich, Langmuir and Temkin isotherms. According to correlation coefficient r2=0.98, the best fitting of experimental data was obtained by Langmuir isotherm. 
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INTRODUCTION

The emerging pollutants represent a wide range of synthetic and naturally occurred chemicals which are not legally regulated. Emerging micropollutants are not included in routine monitoring program and their fate and ecotoxicology are not well understood [1]. Pharmaceuticals are defined as prescription or non-prescription drugs which include antibiotics, non-steroidal anti-inflammatory drugs (NSAIDs), analgesics, lipid-lowering drugs, estrogens, and other therapeutic groups. Pharmaceutical active compounds are usually measured in nanograms per liter (ngL-1) in surface water bodies [2]. Although, pharmaceutical micropollutants can be find in trace amounts, their continuous re-introduction through sewage discharge into aquatic environment causes phenomenon of pseudo-persistence. Mixture of pharmaceuticals can be toxic to aquatic organisms. Because of their adverse effects, pharmaceuticals are classified as emerging contaminants.  
Depending of medical nature, pharmaceuticals are excreted as unchanged or like metabolites. The primary route of pharmaceutical residues in environment is through urban wastewater treatment plants. The present strategy of municipal wastewater purification does not include segment of removal of organic micropollutants. The conventional municipal wastewater facilities include mechanical and biological treatments (primary and secondary treatment) which are not sufficient for pharmaceutical removal [3].
Naproxen NPX (6-methoxy-α-methyl-2-naphthalene acetic acid) is non-steroidal anti-inflammatory drug which is commonly used for reducing pain, inflammation and fever. Naproxen is detected in wastewater and surface water in range, 0.1–2.6 µgL-1 and 0.01-0.1 µgL-1, respectively [4]. According to previous studies, the processes of sedimentation and coagulation are not efficient for removal of naproxen.
The majority of persistent micropollutants are not degraded during active sludge process, so additional wastewater treatment is necessary. Adsorption represents mass transfer between two phases- liquid and solid. The most widely used adsorbent is activated carbon. Engineered adsorbent are characterized with unique physico-chemical properties such as porosity and large specific surface area ranging some hundreds m2g-1 to more than a thousand m2g-1 [5]. Adsorption onto activated carbon is promising method for removal of organic substances. 
The aim of this study is to investigate the possibility of separation of naproxen by using commercial activated carbon. The adsorption equilibrium data were analysed by Freundlich, Langmuir and Temkin isotherms.


MATERIAL AND METHODS OF WORK

Solution and reagents. Standard of naproxen and HPLC grade acetonitrile were purchased from Sigma Aldrich. The standard solution was prepared by dissolving 5 mg of standard in 25 ml of acetonitrile. The final concentration was 200 mg L-1. Different concentrations of naproxen were made by dissolving stock solution with distilled water. The studied engineered adsorbent was activated charcoal Norit SA2 manufactured by Thermo Fisher Scientific.
Adsorption studies. Adsorption studies were conducted by using batch adsorption approach. In order to investigate adsorption equilibrium, initial concentrations of naproxen were: 2, 4, 5, 6, 8 and 10 mg L-1. Initial concentrations were prepared in 50 ml Erlenmeyer flasks. According to previous experiments, it was concluded that efficient concentration of activated carbon for adsorption process was 5 mg. The diluted solution of hydrochloric acid (0.1%) was used for adjustment of pH value (pH 5), since pH value has great effect on naproxen adsorption [6]. Experiment was performed by stirring speed of 140 rpm for 30 min. As aqueous matrix, distilled water was used. After stirring, experimental solutions were filtered. The percentage of naproxen removal can be calculated using the following equation: 

									(1)

where:
c0(mgL-1) is initial concentration of pharmaceutical, and ce (mgL-1) is the equilibrium concentration of pharmaceutical.
Analytical method. The target pharmaceutical was analyzed by High Performance Liquid Chromatography with Diode Array Detector (Agilent 1260 series). Separation was performed with a reversed phase column Eclipse XDB-C18 (150 x 4.6, particle size 5µm) at a wavelength of 230 nm. Mobile phases consisted of 50% of acetonitrile and 50% of 0.1% acetic acid. The flow rate was 0.8 ml min-1, and temperature was 25ºC.
Adsorption equilibrium. Three types of isotherms were used in order to investigate relationship between adsorbent and adsorbate when it reaches equilibrium state. 
The Freundlich isotherm assumes that surface of adsorbent is characterized by heterogeneous nature, and linear form is presented by following expression:

 									(2)
where:
qe is adsorption capacity at equilibrium (mgg-1), KF (Lg-1) represent Freundlich isotherm constant and 1/n is the value that indicate the heterogeneity of adsorbent surface [6,7].
The Langmuir isotherm is based on assumption that the surface of adsorbents is consisting of homogeneous binding sites and there is no interaction with adsorbed molecules. The linear form of Langmuir isotherm is presented by following expression:
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where:
ce  (mgL-1) is the equilibrium concentration, qm is maximum adsorption capacity (mgg-1) and KL (Lmg-1) is the Langmuir isotherm constant.
The Temkin isotherm assumes that heat of adsorption decreases linearly as the extent of adsorption increases. The linear form of Temkin isotherm is:

                         							(4)

where:
R is universal gas constant (8.314 Jmol-1K-1), T(K) - absolute temperature of adsorption process and  at (Lg-1), bt (Jmol-1) are Temkin isotherm constants.


RESULTS AND DISCUSSION

Adsorption isotherms are used to define correlation between liquid and solid phases when equilibrium state is reached. For that reason, adsorption isotherms were analyzed. The Langmuir, Freundlich and Temkin isotherms were selected in order to investigate the equilibrium results obtained from batch adsorption experiment [9,10]. Effect of initial naproxen concentration was studied.
Table 1. shows results obtained from adsorption experiments. According to these results the highest removal efficacy is for initial concentration of 2 mgL-1. The efficacy decreases by increasing initial concentration. 
      
Table 1. Results of adsorption of naproxen on activated carbon
	c0 (mgL-1)
	ce  (mgL-1)
	qe (mgg-1)
	R (%)

	2,0
	0,07
	19,25
	96,27

	4,0
	0,20
	37,98
	94,95

	5,0
	0,44
	45,60
	91,19

	6,0
	0,75
	52,47
	87,46

	8,0
	2,45
	55,52
	69,40

	10,0
	3,26
	67,37
	67,37



Figure 1. presents plot of Freundlich isotherm model.


Figure 1. Freundlich isotherm

Figure 2. Shows plot of Langmuir isotherm model.


Figure 2. Langmuir isotherm

Figure 3. shows Temkin isotherm model.


Figure 3. Temkin isotherm

On the basis of correlation coeficient (R2) from obtained adsorption isotherms, adsorption process of naproxen on commercial activated carbon is best explained by Langmiur isotherm, which indicates that molecules of naproxen create monolayer coverage on the surface of activated carbon.


CONCLUSIONS 

Non-steroidal anti-inflammatory drug– naproxen represents one of the most frequently detected pharmaceutical residues in surface matrices. In order to find adequate technological solution, the possibility of naproxen separation on activated carbon was investigated. Experiment was performed in batch adsorption system. Obtained results were analysed in order to determine best adsorption isotherm fit.
According to results (correlation coeficient R2=0.984), mechanism of interaction between naproxen and commercial activated charcoal is best explained by Langmiur adsorption isotherm. Results shown in paper indicate that removal efficiency of NPX is satisfactory.
The main disadvantages of this adsorption process are operating costs such as recycling, thermal treatment or final disposal of activated carbon.
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