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Abstract. The presence of pharmaceutical residues in the receiving waterbodies of wastewater treatment plants (WWTP) and
in the environment has become a global concern. We can now say for certain that, having metabolised in our bodies, partially
modified or unmodified pharmaceuticals will reach WWTP. However, WWTP are not designed for the removal of such com-
pounds. Only a small fraction of pharmaceuticals decompose during biological treatment or are adsorbed in sediment. There-
fore, it is essential to find a treatment process that is capable of removing pharmaceutical residues. The aim of the present study
was to research the removal of three pharmaceuticals found in the environment, namely diclofenac (DCF), sultamethoxazole
(SMX) and levofloxacin (LFX), through the use of powdered activated carbon (PAC). To this end, adsorption tests were con-
ducted where the adsorption capacity was estimated according to the adsorbent dose and the residence time of the process.
LFX had the highest adsorption rate: the removal effectiveness was 77% in a residence time of 5 minutes and in 60 minutes a
stable indicator was achieved whereby 94% of LFX had become adsorbed. The worst adsorption property was observed for
SMX, as 68% of SMX was adsorbed in a residence time of 60 minutes. According to the conducted tests, the Freundlich
adsorption isotherms and constants characterising the adsorption were found where the DCF K was 23.8, the SMX K was 34.3
and the LFX K was 106.1. This test demonstrated that the pharmaceuticals selected for the experiment could easily be subjected
to adsorption processes and could be removed by means of PAC.

Keywords: adsorption of pharmaceuticals, removal of pharmaceutical residues, diclofenac removal, sulfamethoxazole
removal.
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Introduction

The presence of pharmaceuticals in the environment has become an important problem worldwide. In Germany, 131
different pharmaceuticals in sea and ground water have been found (Weber ef al. 2014). Therefore, hundreds of scien-
tific workgroups are working to understand the pathways of different human and veterinary drugs back into our food
cycle (Miége et al. 2009; Li 2014; Bialk-Bieliniska ef al. 2016) and to eliminate the long term effects of different
pharmaceuticals on ecology (Fatta-Kassinos 2010; Klatte et al. 2016).

In examining different studies, one problem when searching for specific pharmaceuticals in the aquatic environ-
ment is that some pharmaceuticals are biologically degradable and form new chemical bonds (Langenhoff ef al. 2013;
Ericson et al. 2010). It makes analyses difficult because we simply don’t know what chemical substance we are looking
for or what ecotoxic effect this new chemical substance can have.

Emission of pharmaceuticals

The first step in managing the occurrence of pharmaceuticals in the environment is to understand the path of pharma-
ceuticals in the environment and back into the food chain. The amounts and kinds of medicines depend on the popula-
tion’s structure. Aging populations use more antibiotics and cardiovascular agents, while younger people use birth
control pills. For different pharmaceuticals, the pathway can be different but a basic scheme is shown in Fig. 1
(Adamcza et al. 2012; Klatte et al. 2016; Weber et al. 2014).

In Fig. 1, the pathway of human and veterinary drugs is described. When we look the population box, we see two
possibilities: the direct consumer who takes pharmaceuticals at home, including widely used medicines such as non-
steroidal anti-inflammatory drugs (NSAID) and birth control pills. However, in hospitals, more effective and higher
dosages of pharmaceuticals are used and are therefore described separately (Klatte et al. 2016). A third pathway is
drugs that are used in veterinary medicine. Different antibiotics and NSAID are used to facilitate intensive animal
farming (Oaks et al. 2004; Schwaiger ef al. 2004). Some pharmaceuticals are not biologically degradable and pass
through WWTP unchanged or are adsorbed to raw and activated sludge (ter Laak et al. 2010; Mohapatra et al. 2016).
When the sludge is used as a fertiliser in agriculture, the pharmaceuticals can accumulate in plants (Lillenberg 2011;
Nei et al. 2014). A similar cycle occurs with dung and fish faeces.
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Fig. 1. Emission pathways of human and veterinary pharmaceuticals.

Risks for organisms and humans

The most widely known proven effect of pharmaceuticals on organisms is the major population collapse of white-
backed vultures (Gyps africanus) in Pakistan and India in the early 1990s. The birds consumed the carcasses of cattle
that had been treated regularly with NSAID diclofenac. For vultures, the concentration was high enough to cause
kidney failure (Klatte et al. 2016; Oaks et al. 2004).

Various risk assessment methods have been developed in order to determine the most harmful drugs. In his re-
search, Carlsson (2006) assessed the ecotoxicity risks of 27 different pharmaceuticals. Based on his study, the most
dangerous drugs for the environment include diclofenac, ethinylestradiol, ibuprofen, metoprolol, norethisterone, oes-
triol and oxazepam (Carlsson et al. 2006; Lonappan et al. 2016). Li (2014) confirmed this data and added the antibiotic
sulfamethoxazole to the list of ecotoxic pharmaceuticals (Li 2014; Sangion, Gramatica 2016).

For humans, the main concerns are bioaccumulation in our food, resistance to antibiotics and the toxicity of
pharmaceutical mixtures and their effect on the human organism (Skérczewski et al. 2014; Fent et al. 2006; Klatte et
al. 2016). Different studies show that the ecotoxic effect concentration of pharmaceutical mixtures are several times
lower compared to pure active substances (Fent et al. 2006).

Removal of pharmaceuticals

In Fig. 1, we see two possible points for the removal of pharmaceutical residues: separately treating the effluent of
hospitals or treating all water in a WWTP. Most European countries are examining ways to develop technology to
remove pharmaceuticals at the WWTP stage because pharmaceutical residues are not the only problem (Nazari et al.
2016; Giannakis et al. 2015; Cruz-Morato et al. 2014). Many promising technologies to remove organic pollutions and
heavy metals in the same treatment stage have already been determined.

In the advanced oxidation ozone, hydrogen peroxide or UV (UV+TiO2) is used to degrade pharmaceutical resi-
dues from wastewater. However, it is disturbing that we don’t in fact know the degradation products and the possible
derivatives that the residues can form (Giannakis et al. 2015; Alvarez-Corena et al. 2016).

The second possibility for treat drugs from water is membrane technology, often in combination with a bioreactor
(aerobic membrane bioreactor- AMBR). While this doesn’t degrade the pharmaceuticals, it can be used to concentrate
the pollution after which you can use other technologies to remove the residues such as advanced oxidation or adsorp-
tion with activated carbon (Priya, Philip 2015; Arya et al. 2016).

The most promising technology is adsorption with activated carbon because it removes different types of organic
pollutions and heavy metals (Wu et al. 2015; Karnib et al. 2014; Larous, Meniai 2016; Raki ef al. 2015). There are
three ways to add an adsorption step to an existing WWTP:

- Filtration through a granular activated carbon filter bed after secondary clarification. This removes phar-
maceuticals from the effluent water, but adsorbed pharmaceuticals in the sludge are not eliminated
(Chang et al. 2015; Lima et al. 2004; Rattier et al. 2012; Meinel et al. 2015).

- Adding PAC to the aeration tank. The adsorbed pharmaceuticals and heavy metals are removed with the
waste activated sludge (WAS) (Zietzschmann et al. 2016; Chang et al. 2015). Because the concentration
of harmful substances would be higher than normal in the sludge, the sludge wouldn’t be immediately
applicable for use in agriculture. One way is to use a struvite reactor for the dewatered sludge water and
to subsequently burn the sludge in order to recover the phosphorous from the ash (Rattier et al. 2012;
Meinel et al. 2015).
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- Using PAC after clarifiers as a separate treatment step. This method requires more significant investment,
because we need a mixing tank, a clarifier for PAC removal and sand filtration for final treatment (see
Fig. 2) (Weimar 2014).

PAC

Sedimentation
Aeration tank Clarifier Mixing tank tank Sand filter
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Fig. 2. Possible technical solution for PAC dosing in a conventional municipal WWTP (Weimar 2014).

The aim of this research was to study the removal potential of three common pharmaceuticals with PAC: non-
steroidal anti-inflammatory drug diclofenac (DCF) and two antibiotics, sulfamethoxazole (SMX) and levofloxacin
(LFX). To this end, different adsorption batch experiments were determined, and these provide information for process
engineers on determining activated carbon treatment steps.

Materials and methods

For batch experiments, different solutions of DCF (C14H10Cl12NNaO,), SMX (CioH11N303S) and LFX (C20H240,) were
prepared with ultrapure (ELGA) water and a known concentration of the pharmaceuticals under investigation (pH of
all solutions was 7.6). All the pharmaceuticals were purchased from Sigma-Aldrich and are of lab quality. The con-
centration was measured as a TOC (total organic carbon). 100 ml of the solutions and 0.05 g of PAC (coal filter material
silcarbon powder, Lach-Ner, M 12.01 g/mol) were mixed (stirring speed 150 rpm, at room temperature of 21.5 °C) and
a sample was taken in intervals of 5, 10, 30, 60 and 120 minutes (when a stable value was achieved) in order to
determine the adsorption capacity in relation to time. The same experiment was then repeated to discover the removal
effectiveness and removal capacity, though different concentrations of PAC were added.
The removal effectiveness E % was calculated using the following equation:

C,-C

E%= 100 %, (1)

0

where: Cp is the initial concentration of adsorbate, C, final concentration of adsorbate and C, equilibrium concentra-
tion of adsorbate.

Freundlich adsorption isotherm was used to describe the adsorption process. It shows us the relationship between
the adsorbate amount, what is adsorbed per unit adsorbent and the adsorbate equilibrium concentration qe (Sekar ez al.
2004; Kumar, Kirthika 2009):

9. =k-C)", @)

where: K is the Freundlich adsorption constant (mg/g) and n heterogeneity factor. K and n are the indicators denoting
adsorption capability and intensity.

The maximum adsorption capacity qemax dependent on time was calculated using the following relationship:

GCax = (é] my, (3)

where: g is the amount of adsorbent (g), m, weight of adsorbed adsorbate (mg) and gemax maximum adsorption ca-
pacity (mg/g).
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Results and discussion
Removal effectiveness

In Fig. 3, the results of the adsorption studies are shown, where the adsorption effectiveness dependant on time and
adsorbent dosage were investigated. The best results were achieved in LFX removal; within 5 minutes, 77% percent
had already been removed, while the highest removal rate was 94% after 60 minutes detention time. The equilibrium
concentration was reached in 60 minutes. 0.03 g/100 ml was determined to be the preferable PAC dosage for this LFX
concentration, for which the adsorption effectiveness was 86%. A similar removal effectiveness of 93% was reported
by L. Lima (2004) (Lima et al. 2004). In higher PAC concentrations, the removal capacity stays similar, which means
that at the initial concentration researched by us the higher PAC dose would only increase adsorbent consumption
without significantly increasing the treatment effectiveness. Rapid adsorption is an indicator that we need significantly
shorter residence times for creating a treatment stage of LFX with specific activated carbon than for other pharmaceu-
ticals. Therefore, the planning of the first stage of multistage filters may be dimensioned smaller. After a residence
time of 120 minutes, the concentration of the substance to be removed even increased and the removal effectiveness
dropped by 2%. Similar rises in concentrations have also been reported by E. Chang (2015), suggesting that it is due
to continuous changes in the adsorbent and adsorbate equilibrium (Chang et al. 2015).

1007 1007 ]
A A ] o
A
g0, * ¢ . 80
X ° [ ]
2 L - 2
g . g
2 607 2 607
[ ]
g 407 u g 407
=} =}
& - =]
& &
DCF e DCF
20 207
SMX SMX
A [LFX LFX
0 T T T T T 1 0 T T T 1
0 20 40 60 80 100 120 0.00 0.05 0.10 0.15 0.20
t (min) PAC /100 ml

Fig. 3. Removal effectiveness depended on adsorption time (a) and adsorbent dosage (b)

In the case of DCF, the adsorption was significantly slower. 45% of DCF was removed in 5 minutes and, as with
LFX, the equilibrium concentration was achieved in 60 minutes with 82% of the initial concentration removed. The
removal efficiency of 70% for DCF was achieved by L. Lima (2004) in a similar study (Lima et al. 2004). The highest
adsorption capacity was on PAC dosage of 0.1 g/100 ml, which is 70% higher than that of LFX. For DCF removal, we
need longer contact time and higher PAC dosage than for LEFX removal. The greatest difference can be seen in Fig. 3b.
While diclofenac usually adsorbs better than SMX, with different PAC concentrations it can be observed that the
removal effectiveness is lower than in other experiments where fixed amounts of PAC (0.05 g) are used. DCF only
adsorbs better than SMX at 0.05 g.

SMX has the lowest adsorption capability. 31% of SMX was removed in the first five minutes. The equilibrium
between adsorbate and adsorbent was reached in 60 minutes and the removal effectiveness was 68%. The same result
was also achieved by L. Lima (2004) (Lima et al. 2004). The most effective SMX removal was attained with a PAC
concentration of 0.075 g/100 ml. The poor adsorption of SMX was also confirmed by an earlier study, which found
the adsorption of SMX was 76% worse than that of DCF (Nam et al. 2015).

Adsorption is influenced by many factors, such as porosity of the activated carbon, pH of the solution under study
and temperature. In the case of the current test, pH dropped from 7.6 to 6.3 after PAC dosing (0.05 g). B. Bhadra
(Bhadra et al. 2016) found that the adsorption capacity of diclofenac increases when the pH decreases. This is attributed
to the surface charge of the activated carbon, which decreases when the pH falls and makes the adsorption more effi-
cient (Bhadra et al. 2016). In addition, the adsorption is influenced by the solubility in water of the removable sub-
stance. The higher the solubility the worse the removal rate through adsorption. In our study, LFX turned out to be
insoluble in water, DCF is poorly soluble (water solubility 2.37 mg/l) and SMX partly soluble (water solubility 610
mg/l). These study findings confirm the relationship between the water solubility and adsorption, where LFX was
removed in higher amount than DCF and SMX (National Center for... 2016b, 2016a, 2016c¢).
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Maximum adsorption capacity and Freundlich adsorption isotherm

In Fig. 4a, we see the adsorption capacity of DCF, SMX and LFX dependant on time. LFX has the highest adsorption
capability as is also shown in Fig. 3. The equilibrium was achieved in 60 minutes, where 324 mg of LFX per 1 gram
PAC was adsorbed. DCF has an adsorption capacity of 231 mg/g on the studied concentration, which is 29% lower
than that of LFX. For SMX, the maximum adsorption potential in the same time was 185 mg/g, which is 43% less than
that of LFX.

350" 2.57
A A
3007 s /
A
N [ ]
250 §
o > 2.0
)
B o-
E 200 . = -
]

& 1500 e —e— DCF y=04237x+ 13767
” e " w5 . R2=0,77038

1004 ™ ® —m— SMX y=04115x+ 1,5347

u e DCF E: R2=0,80276
507 m SMX % —— LFX y=0,1858x +2,0255
s+ LFX g . _ Re- 08855
0 ' T T T ' ' 0.5 0.0 0.5 1.0 15 2.0
0 20 40 60 80 100 120 LogC equilibrium
t (min)

Fig. 4. The maximum adsorption capacity qemax (mg/g) dependent on time (a) and Freundlich adsorption isotherms (b)

From Fig. 4b, K and n for DCF, SMX and LFX experiments was found. K was determined from the intersection
of the graph with the y-axis and n is equal to the slope of the graph (Okeola, Odebunmni 2010). The higher K is the
more effective adsorption process. With the n value, we can see the adsorption intensity and whether the adsorption
process is integrated or not. When 1/n is higher than 1, it is uniform; the smaller the 1/n value, the greater the hetero-
geneity of the surface of PAC. If n is under 1, then the process is unfavourable for adsorption (Sekar et al. 2004; Desta
2013). In Table 1, the results according to Fig. 3b are shown.

Table 1. Freundlich parameters for DCF, SMX and LFX adsorption with PAC

Parameter DCF SMX LFX
K 23.8 343 106.1
I/n 0.4237 0.4115 0.1858
n 2.36 2.43 5.38
Qe 342 53.8 138.5
R? 0.77038 0.80276 0.8855

The results show that the adsorption processes of DCF, SMX and LFX align with the Freundlich adsorption
isotherm. As our previous discussion already showed, LFX has the highest adsorption capability, as confirmed through
the K, qe and n values where it is higher than DCF and SMX. At the equilibrium concentration, the maximum adsorp-
tion capacities were 106.8, 34.3 and 23.8 for LFX, SMX and DCF, respectively. Though DCF was otherwise better
adsorbable than SMX, the reason for the low ge of DCF was explained above in Fig. 2. In reviewing other similar
studies where different adsorbents were used, K was found to be 2.26 in one study and 44.9 in another, which demon-
strated that adsorption processes largely depend on the adsorbent being used (Larous, Meniai 2016; Nam et al. 2015).

The data from Table 1 is helpful in designing an activated carbon process for DCF, SMX and LFX removal. With
these results, we can calculate the required amount of PAC and detention time for the adsorption.

Conclusion

The removal of three pharmaceuticals found in the environment was surveyed in this article. It was found that the
pharmaceuticals selected for the study could be effectively subjected to adsorption processes, and they could be re-
moved in a WWTP by adding an additional treatment process. LFX has the best adsorption property and SMX the
poorest.
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It should be taken into account that in wastewater there are in addition to pharmaceutical residues other substances
that can influence the adsorption. Thus, the next step is pilot-scale experiments in an operating WWTP. This is a
prerequisite for planning and designing a full-scale PAC treatment step.

Disclosure statement

I don’t have any competing financial, professional, or personal interests from other parties in connection with this
research.

References

Adamcza, K., et al. 2012. Pharmazeutische Riickstinde in der aquatischen Umwelt — eine Herausforderung fiir die Zukunfi
Erkenntnisse und Aktivititen eines [online], [cited 30 January 2017]. Available from Internet: http://www.pills-
project.eu/PILLS summary deutsch.pdf

Alvarez-Corena, J. R.; Bergendahl J. A.; Hart, F. L. 2016. Advanced oxidation of five contaminants in water by UV/TiO2: reaction
kinetics and  byproducts identification,  Journal  of  Environmental = Management  181:  544-551.
https://doi.org/10.1016/j.jenvman.2016.07.015

Arya, V.; Philip, L.; Murty Bhallamudi, S. 2016. Performance of suspended and attached growth bioreactors for the removal of
cationic and anionic pharmaceuticals, Chemical Engineering Journal 284: 1295-1307.
https://doi.org/10.1016/j.cej.2015.09.070

Bhadra, B. N.; Seo, P. W.; Jhung, S. H. 2016. Adsorption of diclofenac sodium from water using oxidized activated carbon,
Chemical Engineering Journal 301: 27-34. https://doi.org/10.1016/j.cej.2016.04.143

Bialk-Bielifiska, A.; Kumirska, J.; Borecka, M.; Caban, M.; Paszkiewicz, M.; Pazdro, K.; Stepnowski, P. 2016. Selected analytical
challenges in the determination of pharmaceuticals in drinking/marine waters and soil/sediment samples, Journal of
Pharmaceutical and Biomedical Analysis 121: 271-296. https://doi.org/10.1016/j.jpba.2016.01.016

Carlsson, C.; Johansson, A.-K.; Alvan, G.; Bergman, K.; Kiihler, T. 2006. Are pharmaceuticals potent environmental pollutants?
Part I: environmental risk assessments of selected active pharmaceutical ingredients, The Science of the total environment
364(1-3): 67-87. https://doi.org/10.1016/j.scitotenv.2005.06.035

Chang, E. E.; Wan, J. C.; Kim, H.; Liang, C. H.; Dai, Y. D.; Chiang, P. C. 2015. Adsorption of selected pharmaceutical compounds
onto activated carbon in dilute aqueous solutions exemplified by acetaminophen, diclofenac, and sulfamethoxazole, Scientific
World Journal 2015. https://doi.org/10.1155/2015/186501

Cruz-Moratd, C., et al. 2014. Hospital wastewater treatment by fungal bioreactor: removal efficiency for pharmaceuticals and
endocrine disruptor compounds, Science of the Total Environment 493: 365-376.
https://doi.org/10.1016/j.scitotenv.2014.05.117

Desta, M. B. 2013. Batch sorption experiments: Langmuir and freundlich isotherm studies for the adsorption of textile metal ions
onto teff straw (eragrostis tef) agricultural waste, Journal of Thermodynamics 1(1). https://doi.org/10.1155/2013/375830

Ericson, H.; Thorsén, G.; Kumblad, L. 2010. Physiological effects of diclofenac, ibuprofen and propranolol on Baltic Sea blue
mussels, Aquatic Toxicology 99(2): 223-231. https://doi.org/10.1016/j.aquatox.2010.04.017

Fatta-Kassinos, D. 2010. K. Kiimmerer, pharmaceuticals in the environment: sources, fate, effects and risks, Environmental Science
and Pollution Research 17(2): 519-521. https://doi.org/10.1007/s11356-009-0276-4

Fent, K.; Weston, A.; Caminada, D. 2006. Ecotoxicology of human pharmaceuticals, Aquatic Toxicology 76(2): 122—159.
https://doi.org/10.1016/j.aquatox.2005.09.009

Giannakis, S.; Gamarra Vives, F. A.; Grandjean, D.; Magnet, A.; De Alencastro, L. F.; Pulgarin, C. 2015. Effect of advanced
oxidation processes on the micropollutants and the effluent organic matter contained in municipal wastewater previously
treated by three different secondary methods, Water Research 84: 295-306. https://doi.org/10.1016/j.watres.2015.07.030

Karnib, M.; Kabbani, A.; Holail, H.; Olama, Z. 2014. Heavy metals removal using activated carbon, silica and silica activated
carbon composite, Energy Procedia 50: 113—120. https://doi.org/10.1016/j.egypro.2014.06.014

Klatte, S.; Schaefer, H.-C.; Hempel, M. 2016. Pharmaceuticals in the environment — a short review on options to minimize the
exposure of humans, animals and ecosystems, Sustainable Chemistry —and  Pharmacy 5: 61-66.
https://doi.org/10.1016/j.scp.2016.07.001

Kumar, P. S.; Kirthika, K. 2009. Equilibrium and kinetic study of adsorption of nickel from aqueous solution onto bael tree leaf
powder, Journal of Engineering Science and Technology 4(4): 351-363.

ter Laak, T. L.; van der Aa, M.; Houtman, C. J.; Stoks, P. G.; van Wezel, A. P. 2010. Relating environmental concentrations of
pharmaceuticals to consumption: a mass balance approach for the river Rhine, Environment International 36(5): 403—409.
https://doi.org/10.1016/j.envint.2010.02.009

Langenhoff, A.; Inderfurth, N.; Veuskens, T.; Schraa, G.; Blokland, M.; Kujawa-Roeleveld, K.; Rijnaarts, H. 2013. Microbial
removal of the pharmaceutical compounds Ibuprofen and diclofenac from wastewater, BioMed research international 2013:
325806. https://doi.org/10.1155/2013/325806

Larous, S.; Meniai, A.-H. 2016. Adsorption of Diclofenac from aqueous solution using activated carbon prepared from olive stones,
International Journal of Hydrogen Energy 41(24): 10380—-10390. https://doi.org/10.1016/j.ijhydene.2016.01.096

Li, W. C. 2014. Occurrence, sources, and fate of pharmaceuticals in aquatic environment and soil, Environmental Pollution 187:
193-201. https://doi.org/10.1016/j.envpol.2014.01.015



Lember, E.; Pachel, K.; Loigu, E. 2017. Adsorption of diclofenac, sulfamethoxazole and levofloxacin with
powdered activated carbon

Lillenberg, M. 2011. Residues of some pharmaceuticals in sewage sludge in Estonia, their stability in the environment and
accumulation into food plants via fertilzing, Tartu. Estonian University of Life Sciences.

Lima, L.; Aquino, S. F.; Afonso, R. J. C., Libanio, M. 2004. Removal of sulfamethoxazole, 17 B -estradiol and diclofenac from
surface water by adsorption on granular activated carbon, /WA The International Water Assocation, 1-9.

Lonappan, L.; Brar, S. K.; Das, R. K.; Verma, M.; Surampalli, R. Y. 2016. Diclofenac and its transformation products:
Environmental  occurrence and  toxicity — a review, Environment  International  96: 127-138.
https://doi.org/10.1016/j.envint.2016.09.014

Meinel, F.; Ruhl, A. S.; Sperlich, A.; Zietzschmann, F.; Jekel, M. 2015. Pilot-scale investigation of micropollutant removal with
granular and powdered activated carbon, Water, Air, and Soil Pollution 226(1): 1-10. https://doi.org/10.1007/s11270-014-
2260-y

Miege, C.; Choubert, J. M.; Ribeiro, L.; Eusebe, M.; Coquery, M. 2009. Fate of pharmaceuticals and personal care products in
wastewater treatment plants — conception of a database and first results, Environmental Pollution 157(5): 1721-1726.
https://doi.org/10.1016/j.envpol.2008.11.045

Mohapatra, S.; Huang, C. H.; Mukherji, S.; Padhye, L. P. 2016. Occurrence and fate of pharmaceuticals in WWTPs in India and
comparison  with a similar study in the United States, Chemosphere 159: 526-535.
https://doi.org/10.1016/j.chemosphere.2016.06.047

Nam, S. W.; Jung, C.; Li, H.; Yu, M.; Flora, J. R. V.; Boateng, L. K.; Her, N.; Zoh, K. D.; Yoon, Y. 2015. Adsorption characteristics
of diclofenac and sulfamethoxazole to graphene oxide in aqueous solution, Chemosphere 136: 20-26.
https://doi.org/10.1016/j.chemosphere.2015.03.061

Nazari, G.; Abolghasemi, H.; Esmaieli, M. 2016. Batch adsorption of cephalexin antibiotic from aqueous solution by walnut shell-
based activated carbon, Jowrnal of the Taiwan Institute of Chemical Engineers 58: 357-365.
https://doi.org/10.1016/j.jtice.2015.06.006

National Center for Biotechnology Information. 2016a. Diclofenac Sodium, PubChem Compound Database [online], [cited 30 Ja-
nuary 2017 ]. Available from Internet: https://pubchem.ncbi.nlm.nih.gov/compound/5018304

National Center for Biotechnology Information. 2016b. Levofloxacin, PubChem Compound Database [online], [cited 30 january
2017 ]. Available from Internet: ttps://pubchem.ncbi.nlm.nih.gov/compound/149096.

National Center for Biotechnology Information 2016c. Sulfamethoxazole, PubChem Compound Database [online], [cited 30 Janu-
ary 2017 |. Available from Internet: https://pubchem.ncbi.nlm.nih.gov/compound/5329.

Nei, L.; Haibba, E.; Kutti, S.; Kipper, K. 2014. Sewage sludge compost, microbial activity and pharmaceuticals, Global Journal on
Advances in Pure and Applied Sciences 3: 30-37.

Oaks, J. L., et al. 2004. Diclofenac residues as the cause of vulture population decline in Pakistan, Nature 427(6975): 630-633.
https://doi.org/10.1038/nature02317

Okeola, F.; Odebunmni, E. 2010. Freundlich and Langmuir isotherms parameters for adsorption of Methylene Blue by activated
carbon derived from Agrowastes: Freundlich and Langmuir isotherms parameters for adsorption of Methylene Blue by
activated carbon derived from Agrowastes, Advances in Natural and Applied Sciences 4(3): 281-288.

Priya, V. S.; Philip, L. 2015. Membrane bioreactor for the treatment of voc laden pharmaceutical wastewater: effect of biological
treatment systems on membrane performance, Journal of Water Process Engineering 7. 61-73.
https://doi.org/10.1016/j.jwpe.2015.05.004

Raki, V.; Rac, V.; Krmar, M.; Otman, O.; Auroux, A. 2015. The adsorption of pharmaceutically active compounds from aqueous
solutions onto activated carbons, Journal of Hazardous Materials 282: 141-149.
https://doi.org/10.1016/j.jhazmat.2014.04.062

Rattier, M.; Reungoat, J.; Gernjak, W. 2012. Organic micropollutant removal by biological activated carbon filtration: a review
Urban Water Security Research Alliance Technical Report No. 53, in Urban Water Security Research Alliance Technical
Report (53): 45.

Sangion, A.; Gramatica, P. 2016. Hazard of pharmaceuticals for aquatic environment: prioritization by structural approaches and
prediction of ecotoxicity, Environment International 95: 131-143. https://doi.org/10.1016/j.envint.2016.08.008

Schwaiger, J.; Ferling, H.; Mallow, U.; Wintermayr, H.; Negele, R. D. 2004. Toxic effects of the non-steroidal anti-inflammatory
drug diclofenac. Part I: Histopathological alterations and bioaccumulation in rainbow trout, Aquatic Toxicology 68(2): 141—
150. https://doi.org/10.1016/j.aquatox.2004.03.014

Sekar, M.; Sakthi, V.; Rengaraj, S. 2004. Kinetics and equilibrium adsorption study of lead(II) onto activated carbon prepared from
coconut shell, Journal of Colloid and Interface Science 279(2): 307-313. https://doi.org/10.1016/].jcis.2004.06.042

Skoérczewski, P.; Mudryk, Z. J.; Miranowicz, J.; Perlinski, P.; Zdanowicz, M. 2014. Antibiotic resistance of Staphylococcus-like
organisms isolated from a recreational sea beach on the southern coast of the Baltic Sea as one of the consequences of
anthropogenic pressure, Oceanological and Hydrobiological Studies 43(1): 41-48. https://doi.org/10.2478/s13545-014-0115-1

Zietzschmann, F.; Aschermann, G.; Jekel, M. 2016. Comparing and modeling organic micro-pollutant adsorption onto powdered
activated carbon in different drinking waters and WWTP effluents, Water Research 102: 190-201.
https://doi.org/10.1016/j.watres.2016.06.04 1

Weber, F.-A., et al. 2014. Pharmaceuticals in the environment — the global perspective occurrence, effects, and potential
cooperative action under SAICM. Umwelt Bundesamt, 12.

Weimar, B.-U. 2014. Abwasserbehandlung Gewdsserbelastung, Bemessungsgrundlagen, Mechanische Verfahren und Biologische
Verfahren, Reststoffe aus der Abwasserbehandlung. Kleinklaranlagen VDG Weimar.

Wu, Q.; Cui, Y.; Li, Q.; Sun, J. 2015. Effective removal of heavy metals from industrial sludge with the aid of a biodegradable
chelating ligand GLDA, Journal of Hazardous Materials 283: 748-754. https://doi.org/10.1016/j.jhazmat.2014.10.027



