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Abstract: Nowadays, the scientific community has focused and prioritized

gzifs':;d;é) A‘jﬁ néé%’g’ research on “emerging pollutants”, including pharmaceuticals and their
y ; metabolites or residues, are continuously introduced into various environments
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which this contamination can occur all along their life cycle. It’s recognized to be
Keywords: environmental micropollutants owing to their ubiquitous occurrence in water
v Pharmaceuticals bodies at concentrations ranging from ng to pg/L. The continuous emissions to the
. o environment and despite their degradation to a certain extent, pharmaceuticals of
v' micropollution, : ; .
v environment all categories have been detected in the environment. In first place the wastewater
v ' treatments contribute to discharge of pharmaceuticals in the environment, or; they
occurrence, . . ; . ;
have been detected in aquatic environments, mainly in surface water. These
v’ wastewater treatment.

concentrations have been present in the water and their levels have been quantified
Citation: Saim S., Behira B. and acknowledged as a potential ecological risk and human health. Indeed,
(2023) Spread of analytical methods can detect traces of compounds with high sensitivity. Tandem
pharmaceutical products in mass spectrometry-based methods (GC/MS or LC/MS/MS) provide further

Environment, J. Mater. T . . . . ..
Environ. Sci., 14(5), 613-625 insight into the possible structure of detected compound increasing selectivity.

1. Introduction

Human activities release high levels of toxic pollutants from multiple sources around the globe, were
contaminated the Earth (Raghunandan et al., 2018). Thus, rapid industrialization are responsible for 3.4 million
deaths worldwide yearly because of Waterborne diseases (Javed et al., 2022; Muhammad ef al., 2022; Raza et
al., 2022). One of these emerging pollutants; Pharmaceutical products, which they have not been thoroughly
evaluated in terms of their environmental impact and are largely unregulated in environmental health (Akerman-
Sanchez and Rojas-Jimenez, 2021; Razzaq et al., 2021; Syed et al., 2021, 2022; Shakir et al., 2022). Different
environments are daily exposed to these emerging pollutants, and their residues, from various sources; hospital
and municipal wastewater, disposal and discharges from pharmaceutical production, or consumer use (Ebele et
al., 2017) through feces and urine following metabolized fraction will eventually end up in sewage (Zeidman et
al., 2020). These products are added to the list of priority substances by the Water Framework Directive of the
European Union Decision 2015/495 as an emergence contaminant (Li ef al., 2019), approximately 3000
pharmaceutical substances (Grzesiuk et al. 2023). They are very reactive contaminants due to their exhibit
affinity to both organic and inorganic surfaces (Thiebault ez a/., 2016a, 2016b) and they considered as ecotoxic
compounds which can elicit health-related problems (Xiong et a/.,2017).
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Now, Pharmaceutical contaminants (PhACs) appear broadly in the geosphere (Verlicchi et al., 2015) and
biosphere (Christou et al, 2017). they have been detected in many aquatic bodies systems including drinking
water supplies, groundwater and surface water (Blair et al., 2015; Zhao et al., 2015), rivers (Lin et al., 2018),
lakes (Xie et al., 2015), wastewater (Liu et al., 2015), effluent and influents, and sludge (Halling-Sgrensen et
al., 2019); also, soils and sediments (Ma et al., 2016) are contaminated by them. Recently, some research has
been found that a few pharmaceutical compounds contaminated food chain and hence their concentration is
increased (Lagesson et al., 2016).

The wastewater treatment plant (WWTPs) outlets are the primary point sources of these bioactive compounds
because these substances are used as prescription or non-prescription medicines excreted from the human body
in urine and feces in their unchanged forms either as intact substances or metabolites and often end up in the
sewer system (Naghdi et al., 2017). But WWTPs are not able to remove pharmaceuticals because they are
generally designed to handle easily and moderately degradable organics at trace levels (ng/L-pg/L) in water
bodies (Wang et al., 2018). Further, the reuse of wastewater effluent contaminated by these pollutants cans lesd
in soil and water matrices (Medrano-Rodriguez et al., 2020).

Hence, UNESCO (2017) announced that an adequate treatment of wastewater is released directly to the
environment at 80 percent. Intel now, wastewater treatment plants (WWTPs) can not completely remove these
type of micropollutants which persist in the environment because of high water solubility and poor
biodegradability (Candido et al., 2017). Especially in areas whereby are poor or no sanitation processes like as,
in many African communities (Segura et al., 2015). The percentage removal of pharmaceutical in Sewage
Treatment Plants (STPs) can be highly variable, to depend on the physical-chemical properties of
pharmaceuticals and the specific technology implemented, and reactors conditions (Caracciolo ef al., 2015) ;
For instance, the removal efficiency for ketoprofen reported in South Africa was in the range of 88- 90%
(Zunngu et al., 2016), whereas -83% was observed for the same compound in Algeria (Kermia et al., 2016).
Studies of Rivera-Utrilla (2013) guess that pharmaceuticals persist in the environment for more than one year
such as cyclophosphamide, erythromycin, naproxen, and sulfamethoxazole while others, can persist for several
years and also have the capacity to bioaccumulate such as clofibric acid or some compounds reorganize or
transform their structure in sewers (Jelic et al. 2015), during wastewater treatment (Evgenidou ef al., 2015) and
in the environment (Pico et al. 2015) by a variety of biotic degradation(by bacteria and fungi) and abiotic
processes (hydrolysis and photolysis) occurring in such systems. Moreover, conventional treatment processes,
chlorination usually result in the formation of highly toxic intermediates (Cao et al. 2016). For instance, Su
(2016) showed that the degradation of the antibiotic sulfamethoxazole can be back-transformed to the parent
compound via transformation products by sediment-based bacteria.

Many treatment technologies to removal pharmaceutical substances have been studied, including physical,
chemical and biological processes; adsorption (Zhang et al., 2016a), coagulation (Saitoh et al., 2017), membrane
separation (Dolar et al, 2012), advanced oxidation processes (Tang et al.,2018), aerobic and anaerobic
degradation (Feng et al., 2017), and compost (Liu ef al.,20182a;2018b). Insight of the inefficiency of WWTPs
for removal of pharmaceutical contaminants, new technologies have been developed: anaerobic membrane
bioreactors, up flow layer anaerobic reactors, and mobile bed biofilm reactors (Shi et al ., 2017). Also,
conventional surface drinking water treatment utilizes coagulation, flocculation, sedimentation, filtration and
disinfection as basic methods (Behira et al., 2015).

Biological treatment processes are promising for PhACs degradation due to reduced cost and energy use,
increased operational efficiency and sustainability, and ability to treat a wide range of compounds compared to
physico-chemical treatments (Domaradzka et al., 2015), On the other hand, biological treatment is the key
driving process of wastewater treatment, relying on microbial communities to remove and stabilize
contaminants. It was shown that PhACs could be removed or transformed in Conventional activated sludge CAS
systems by biological degradation, sorption, and volatilization (Blair ef al., 2015). However, the most widely
and commonly studied type of Wastewater Treatment Plant (WWTP) around the world is activated sludge (Yan
et al., 2014). Although bioremediation processes are the most attractive and successful clean-up technologies,
they are characterized by some disadvantages. This efficacy technique used for remediation of the polluted site
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over other biological and conventional methods (Zhang ef al., 2018). Additionally, microorganisms have the
ability to increasing concentrations of contaminations, which may extend the bioremediation procedure due to
their adaptation (Singh and Kumar, 2016). But It must be carried to the removal of primary pharmaceutical
contaminants that do not necessarily eliminate the toxicity in the environment (Petrie, 2015).

So, it is important to understand the transformation pathways in the environment and during wastewater
treatment since pharmaceuticals are released in environment. To date, little or no information available on the
occurrence and fate of PhACs in the environment from regions such as Russia, southern Asia, Africa, the Middle
East, South America, and Eastern Europe have been done in high income countries than in North America,
Europe and parts of Asia (Beek ef al, 2016). For instance, in the African continent, just 10 countries have
published data on occurrence of PhACs in the environment because of the high prevalence of infectious diseases,
over prescription, the availability cheap over-the-counter drugs as well as inadequate environmental barriers
(Madikizela et al., 2017). (Figure 1).
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Figure 1: Methods used for detection of PhACs in environmental samples

The rapid detection of a large number of substances, which were previously undetectable, in the aquatic
environment has made possible by the rapid development of automated analytical instrumentation. Multi-class
pharmaceuticals have focused by recent analytical methods (Kivrak et al., 2016). In light of their selectivity and
sensitivity, both analyses are commonly coupled to mass spectrometry (MS) or tandem mass spectrometry
(MS/MS) for qualitative and quantitative analysis, or liquid chromatography coupled with mass spectrometry or
tandem mass spectrometry (LC-MS, LC-MS/MS)(Simazaki et al.2015). Currently, pharmaceutical residues in
a growing number of different bodies are detected by techniques GC and LC (Sadkowska et al. 2017). Therefore,
these advanced analytical techniques should be applied to detect pharmaceutical occurrence in drinking water
(Wiest et al. 2018).

Source of pharmaceuticals residues
Pharmaceuticals residues are introduced into the environment by a diverse range of pathways and from different
sources as the domestic wastewater, hospital effluents, industrial wastewater from pharmaceuticals production,
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run-off from aquacultures and concentrated animals feeding operations, and fish farming as well as a rural run-
off and manure (Wiest et al., 2018) but the discharge of sewage effluents was identified as a main route of
surface waters contamination, since the wide range of pharmaceuticals and personal care products (PPCPs) are
ubiquitously detected in treated wastewater (Arpin-Pont et al., 2016) , therefore, the recalcitrant molecules
released and survived in the environment (Rana ef al., 2017; Moghaddam et al., 2022; Yazdanian ef al., 2022)
(Figure 2).

Selected classes of PhACs

Different classes of pharmaceuticals are detected in the environment including Different classes of
pharmaceuticals are recognized in the environment including anti-nflammatories, analgesic, blood lipid
regulators , psychiatric medications, diuretics, and hormones (Grenni ,2013; Durairaj et al. 2021; Ahmed et al.,
2022; Gopalakrishnan et al., 2022; Heboyan et al., 2022a, 2022b). Some of the relative percentages of mentioned
drugs are available in Figure 3.
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Figure 3: Pharmaceutical products classes relative percentages in the biodegradation examination (Maia et
al., 2017)
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e Non-steroidal anti-inflammatory drugs (NSAID)
Represent the major class of detected pharmaceuticals (Hester, 2015) in seawater, surface water and sewage
(Lolic et al., 2015). Naproxen detected in the environment with diclofenac (DCF), ibuprofen (IBP) (Kermia,
2016). They are detected in seawater, surface water and sewage (Mainero Rocca et al., 2015). Frequently, in
worldwide along high concentrations between 0.02 ng/L to 20.00 pg/L of DCF are found in ground water (Yang
et al., 2017), surface (including marine) (Alygizakis, 2017), sewage (Dasenaki, 2015) and even drinking water
(Khaneta al.,, 2015).

e Anti-epileptic
In the African environment that includes wastewater, drinking water and bio-solids has detected as a common
antiepileptic drug (K'oreje et al, 2016). Generally, Carbamazepine is detected in wastewater and in the
environment, therefore it is widely studied globally (Fernandez- Lopez et al., 2016).

e Antibiotics
Van Boeckel (2015) study demonstrated that antibiotics are present in the surface ground- and waste-water in
many parts of the world, much greater than for humans because of the uncontrolled use of antibiotics in livestock
breeding which use is. Antibiotics (Sulfamethoxazole, Ciprofloxacin, Trimethoprim, Ofloxacin, Norfloxacin)
are the second most important pharmaceutical group found in effluent and influent of WWTPs (Liu
et al., 2020a, 2020b) with a 21 % detection frequency and concentration at 8128 ng/L (Hughes et al., 2013)
Although cephalosporins and penicillins are the most commonly used antibiotics, it is intriguing that f-lactam
antibiotics are rarely detected in different bodies as Wastewater (Wang et al., 2018), sludge (Ostman et al.,
2017), drinking water , groundwater (Yang et al., 2018), surface water (Ding et al., 2017), sediments (Kafaei et
al., 2018) and soil (Pan and Chu, 2018). Also, animals have been using antibiotics on a large scale to prevent or
treat diseases. Like in poultry farming, antibiotics are may be administered through feed or drinking water to
whole focks rather than to individuals animals (Behira ez al; 2011). So, Residues veterinary pharmaceuticals,
including a lot of non-biodegradable antibiotics, are introduced into the environment via land application of
sewage sludge and animal manure.

e Hormones
Compounds detected in South African WWTP influent, effluent and river water were estrone, 17-b-estradiol,
estriol, 17-aeethinylestradiol, progesterone and testosterone (Manickum and John, 2014).

Effect of pharmaceuticals residues in environment

PhACs found in water and the environments are biologically active to affect homeostatic mechanisms in the
human body even at very low concentrations, so they are of public concern (Simazaki et al., 2015). At low
concentrations, and long-term exposure to low doses of these compounds can cause adverse effects to

ecosystems (song, 2018). Their presence on traces in drinking water for a long time, it can cause adverse effects on
human health (Rudd et al., 2014; Hanif et al., 2021, 2022).

The presences of these bioactive substances in environment have been found to cause harmful effects to both
aquatic organisms and human beings (Vasquez ef al., 2014), by indirect effect, it can increase the susceptibility
of organisms to pathogens, promote the prevalence of diseases in the aquatic ecosystem and cause changes at
the population level (Ellis et al., 2011; Ali et al., 2021). For instance, many studies have indicated that the
aquatic microorganisms such proteobacteria, algae, cyanobacteria, daphnia, and fish had a significant harm due
to presence of antibiotics in water (Cheng et al., 2020).

Furthermore, recent studies have demonstrated that these pollutants are harmful to both invertebrates and
vertebrates, at low or natural concentrations (Vilitalo et al., 2017).Thus, the destruction of microflora and lower
organism devastating to the entire ecological system, can change to the carbon recycling processes and the
ecological environment, and basically will impact the health of humans (song, 2018).
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In addition, pharmaceutical and antibiotics industries lie in the development of antibiotic resistance in all
organisms (Tacconelli et al., 2018). And it is shown to be global (aus der Beek et al., 2016). The discharge of
pharmaceuticals into the environment are the responsible reason for the risk of bioaccumulation, endocrine
disruption, different kinds of diseases, acquisition of antibiotic-resistance gene in bacteria and changes in
microbial populations or biomagnifications have described like pharmaceutical effects (Giulivo et al., 2016).
However, the shift in the structure of activated sludge bacterial communities and reducing of bacterial diversity
in the reactors can affect the performance of secondary biological processes in wastewater treatment plants
(WWTP) (Vasiliadou, 2 018). An increasing problem and one of our greatest global health threats today is
Antibiotic resistance (WHO, 2018).The target population but also influence the non-target population affected
by antibiotics with high toxicity impact (Grenni ef al., 2018).

Worldwide, many degradation products along with their parent compounds have been detected in WwTPs
effluent (irrespective of the treatment methods) and in ground and surface waters (Su et al., 2016). Adverse
effects of degradation products on the bioluminescence of Vibrio fischeri was reported for the photocatalytic
by-products of metoprolol degradation (Veloutsou et al. 2014).

The continuous exposure to drugs can alter the diversity and taxonomic composition of microbial communities
in freshwater ecosystems by selecting for organisms that can tolerate or in some cases digest the contaminant
(Lee et al. 2016). It was also reported that pharmaceuticals can alter microbial communities by suppressing algal
growth and microbial respiration in biofilms (Rosi-Marshall ef a/., 2013). In the case of various amines derived
from pharmaceutical contaminants as ascorbic acid can act by inhibiting the growth of pseudomonas
fluorescence (Behira et el.,2014). Also, the presence of antibiotics in the environments since their occurrence
presents one of the possible pathways of propagation of antimicrobial resistance as a greater concern (Singer et
al. 2016). A recent meta-analysis showed that between 1973 and 2011 the sperm, count of Western men
expressed as sperm concentration and total sperm count reduced by 52% and 59%, respectively (Levine ef al.,
2017). Therefore, methods using indirect exposure, based on predicted environmental concentrations, and
human pharmacology and toxicology data of pharmaceuticals have been applied to assess the toxicological
effects of drinking water or fish consumption on human health.

By contrast, a number of studies still point out some human health risks related to specific routes of exposure,
influenced by the local handling of secondary sludge, agricultural disposal practices, the extent of secondary
sewage treatment, and local food consumption patterns. Oldenkamp et al.(2014b) showed for instance that these
factors were determined for the impact of two fluoroquinolone antibiotics (ciprofloxacin and levofloxacin) on
the health.

Conclusion and recommendation

The supply of clean and safe drinking water free from any substances or organisms that pose a danger to human
health is a major objective of the European Union Drinking Water Directive and the World Health Organization
(WHO). Ineffective removal of wastewater treatement at degrading pharmaceutical contaminants (eg :
antibiotics) increase drug in water, in wastewater treatment plant effluent and surface water, drinking water
sources which cause adverse effects in ecosystems and in human health even at low concentrations (pg/L or
ng/L). PhACs are contaminants of growing concern because of their increasing detection in WWTPs and bodies
water. Various biological treatment technologies (e.g. activated sludge process, biofiltration, soil aquifer
treatment, and managed aquifer recharge system) have been investigated for PhnAC removal. However, reported
removal rates are variable and many compounds are poorly removed. Further, to date, the rational design of
efficacious and robust biological treatment technologies has been hindered by limited knowledge of the types
of microorganisms capable of PhACs biotransformation and the conditions that promote their growth and
activity. This review highlights the risks associated with the inadvertent presence of PPCPs in the environment
may exert detrimental impacts on aquatic life. There is a clear need for the development of advanced WWTP
technologies to more efficiently remove/degrade PPCPs.
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SO, to safeguard both humans and the environment from the adverse consequences of environmental pollution
novel approaches must be designed. Bioremediation is one such approach. However the present review
specifically addresses the integrative role of the multi-omics approaches in microbial-mediated bioremediation.
Additionally, we put light on the multi-omics approaches help to comprehend and explore the structural and
functional aspects of the microbial consortia in response to the different environmental pollutants in this process.
And improving our knowledge of the effects of exposure of bacterial communities to pharmaceutical compounds
is relevant due to their future application in technologies for the removal of emerging contaminants. Finally,
future research on PPCPs should not focus only on the parent compounds but also their potential degradation
products/metabolites in various matrices.

Declarations

‘Not applicable' for that section.

References

Akerman-Sanchez G, Rojas-Jimenez K. (2021) Fungi for the bioremediation of pharmaceutical-derived
pollutants: a bioengineering approach to water treatment. Environmental Advances, 4: 100071.
Available from https:// www. scien cedir ect. com/ scien ce/ artic le/ pii/ S2666 76572 10004 29.

Ahmed N, Khan M, Saleem W, Karobari MI, Mohamed RN, Heboyan A, Rabaan AA, Mutair AA, Alhumaid S,
Alsadiq SA, Bueid AS, Santali EY, Alestad JH .(2022) Evaluation of bi-lateral co-infections and
antibiotic resistance rates among covid-19 patients. Antibiotics, 11(2): 276. Available from https://
www. mdpi. com/2079- 6382/ 11/2/ 276

Ali ME, Abd El-Aty AM, Badawy MI, Ali RK. (2018) Removal of pharmaceutical pollutants from synthetic
wastewater using chemically modified biomass of green alga scenedesmus obliquus. Ecotoxicol
Environ Saf'151:144-152

Alygizakis, N. A. et al. Occurrence and spatial distribution of 158 pharmaceuticals, drugs of abuse and related
metabolites in 22. UNESCO and HELCOM. Pharmaceuticals in the aquatic environment of the Baltic
Sea region. (UNESCO Publishing, 2017).

Arpin-Pont L, Martinez Bueno MJ, Gomez E, Fenez H. (2016) Occurrence of PPCPs in the marine environment:
areview

Aus der Beek T, Weber FA, Bergmann A, Hickmann S, Ebert I, Hein A, Kiister A.(2016). Pharmaceuticals in
the environment--Global occurrences and perspectives. Environ-mental Toxicology and Chemistry,
35(4), pp. 823-835.

Barbosa, M.O., Moreira, N.F.F., Ribeiro, A.R., Pereira, M.F.R. & Silva, A.M.T. (2016). Occurrence and removal
of organic micropollutants: An overview of the watch list of EU Decision 2015/495. Water Research,
94:257-279. DOL: 10.1016/j.watres.2016.02.047

Barra Caracciolo et al. / Journal of Pharmaceutical and Biomedical Analysis 106 (2015) 25-36 35
http://www.parliament.bg/pub/ECD/114884COM 2011 875 EN ACTE fpdf (accessed November
2014).

Beek, T. A. D.; Weber F.-A.; Bergmann A.; Hickmann S.; Ebert [.; Hein A.; Kiister A. (2016). Pharmaceuticals
in the Environment- Global Occurrences and Perspectives. Environ. Toxicol. Chem., 35, 823—835

Behira B, (2011). Antibiotic resistance of some lactobacilli isolated from the gut microflora of broiler. African
Journal of Microbiology Research 5(13), 1707-1709, 4 July, 2011.

Behira B, (2011). Antibiotics Resistance of some Lactobacilli isolated from the digestive tract broiler in western
of Algeria.Journal of aminal and veterinary advances 10(14):1859-1862, 2011.

Behira B, (2014). The evaluation of ascrobic acid on growth and proteolitic activity of pseudomonas flurescence
isolated from refregerate raw milk. Jouranal of animal and veterinary advances 13(10) :612.615.2014.

Behira B. (2015). Removal Cyanobacteria by Diatomite Filter from Raw Freshwater and Potential Use in
Watering Domestic Animals. Animal and Veterinary Sciences. Vol. 3, No. 3, 2015, pp. 80-83

Blair B, Nikolaus A, Hedman C, Klaper R, Grundl T. (2015) Evaluating the degradation, sorption, and negative
mass balances of pharmaceuticals and personal care products during wastewater treatment.
Chemosphere 134: 395-401 DOI 10.1016/j.chemosphere.2015.04.078.

Saim & Behira, J. Mater. Environ. Sci., 2023, 14(3), pp. 613-625 619



Candido JP, Andrade SJ, Fonseca AL, Silva FS, Silva MRA, KondoMM. (2017) Ibuprofen removal of
heterogeneous photocatalysis and ecotoxicological of the treated solutions. Environ Sci Pollut Res
23:19911-19920. https://doi.org/10.1007/s11356-016-6947-z.

Cao F, Zhang M, Yuan S, Feng J, Wang Q, Wang W, Hu Z. (2016) Transformation of acetaminophen during
water chlorination treatment: kinetics and transformation products identification. Environ Sci Pollut
Res 23:12303—-12311. https://doi.org/10.1007/s11356-

Cheng D, Ngo HH, Guo W, Chang SW, Nguyen DD, Liu Y, Wei Q, Wei D. (2020) A critical review on
antibiotics and hormones in swine wastewater: Water pollution problems and control approaches. J
Hazard Mater 387:121682. https:// doi. org/ 10. 1016/j. jhazm at. 2019. 121682

Christou, A.; Karaolia, P.; Hapeshi, E.; Michael, C.; Fatta- Kassinos, D. (2017). Long-Term Wastewater
Irrigation of Vegetables in Real Agricultural Systems: Concentration of Pharmaceuticals in Soil,
Uptake and Bioaccumulation in Tomato Fruits and Human Health Risk Assessment. Water Res. 109,
24-34.

Dasenaki M. E. & Thomaidis, N. S. (2015). Multianalyte method for the determination of pharmaceuticals in
wastewater samples using solid-phase extraction and liquid chromatography-tandem mass
spectrometry. Anal. Bioanal. Chem. 407, 4229-4245

Ding H., Wu, Y., Zhang, W., Zhong, J., Lou, Q., Yang, P., Fang, Y. (2017). Occurrence, distribution, and risk
assessment of antibiotics in the surface water of Poyang Lake, the largest freshwater lake in China.
Chemosphere 184, 137-147

Dolar D.; Gros, M.; Rodriguez-Mozaz, S.; Moreno, J.; Comas, Rodriguez-Roda, I.; Barcelo, D. (2015). Removal
of emerging contaminants from municipal wastewater with an integrated membrane system, MBR-
RO. J. Hazard. Mater, 239-240, 64—69.

Domaradzka D, Guzik U, Hupert-Kocurek K, Wojcieszynska D. (2015) Cometabolic Degradation of Naproxen
by Planococcus sp Strain S5. Water Air and Soil Pollution 226 DOI 10.1007/s11270-015-2564-6.

Durairaj R, Sivasaravanan D, Sharma SR, Heboyan A. (2021) Investigations on mechanical properties of
titanium reinforced glass ionomer cement (gic)—ceramic composites suitable for dental implant
applications. Dig J Nanomater Biostruct 16:161-167

Ebele A.J., Abou-Elwafa Abdallah M. & Harrad S. (2017). Pharmaceuticals and personal care products (PPCPs)
in the freshwater aquatic environment. Emerging Contaminants 3: 1-16.

Evgenidou E.N., Konstantinou [.LK. & Lambropoulou D.A. (2015). Occurrence and removal of transformation
products of PPCPs and illicit drugs in wastewaters: A review. Science of the Total Environment 505:
905-926

Feng L., Casas, M.E., Ldm, O., M3 Ller, H.B., Bester, K. (2017). Removal of antibiotics during the anaerobic
digestion of pig manure. Sci. Total Environ. 603-604, 219-225.

Fernandez-Lopez, C., Guillen-Navarro, J.M., Padilla, J.J., Parsons, J.R. (2016). Comparisonof the removal
efficiencies of selected pharmaceuticals in wastewater treatment plants in the region of Murcia. Spain.
Ecol Eng. 95, 811e816.

Fernandes JP, Almeida CMR, Salgado MA, Carvalho MF, Mucha AP.(2021) Pharmaceutical compounds in
aquatic environments— occurrence, fate and bioremediation prospective. Toxics, 9(10): 257.
Available from https:// www. mdpi. com/ 2305- 6304/9/ 10/ 257

Giulivo M., Lopez de Alda M., Capri E., Barceld6 D. (2016). Human exposure to endocrine disrupting
compounds: their role in reproductive systems, metabolic syndrome and breast cancer. a review.
Environ. Res. 151, 251-264. 10.1016/j.envres.2016.07.011.

Grabicova, K., Lindberg, R.H., Ostman, M., Grabic, R., Randak, T., Joakim Larsson, D.G., Fick, 504 J. (2014).
Tissue-specific bioconcentration of antidepressants in fish exposed to effluent 505 from a municipal
sewage treatment plant. Sci. Total Environ. 488—489, 46—50. 506 doi:10.1016/j.scitotenv.2014.04.052

Grenni P., Ancona V., Caracciolo A.B. (2018). Ecological effects of antibiotics on natural ecosystems: a review.
Microchem. J. 136, 25-39

Grenni P.; Patrolecco, L.; Ademollo, N.; Tolomei, A.; Barra Caracciolo, A. (2013). Degradation of Gemfibrozil
and Naproxen in a River Water Ecosystem. Microchem. J., 107, 158—164

Gopalakrishnan U, Murthy RT, Felicita AS, Alshehri A, Awadh W, Almalki A, Vinothkumar TS, Baeshen HA,
Bhandi S, Kathir A, Samala A, Raj AT, Heboyan A, Patil S. (2022) Sulfate-reducing bacteria in
patients undergoing fixed orthodontic treatment. Int Dent J. https:// doi. org/ 10. 1016/]. identj. 2022.
07.007.

Saim & Behira, J. Mater. Environ. Sci., 2023, 14(3), pp. 613-625 620



Grzesiuk M, Gryglewicz E, Bentkowski P, Pijanowska J. (2023) Impact of fluoxetine on herbivorous
zooplankton and planktivorous fish. Environ Toxicol Chem 42(2):385-392. https:// doi. org/ 10. 1002/
etc. 5525

Hanif' S, Sarfraz RM, Syed MA, Ali S, Igbal Z, Shakir R, Igbal J. (2021) Formulation and evaluation of chitosan-
based polymeric biodegradable mucoadhesive buccal delivery for locally acting drugs: In vitro, ex
vivo and in vivo volunteers characterization. Lat Am J Pharm 40(4):670-681

Hanif S, Sarfraz RM, Syed MA, Mahmood A, Hussain Z. (2022) Smart mucoadhesive buccal chitosan/hpmc
scaffold for sore throat: In vitro, ex vivo and pharmacokinetic profiling in humans. J Drug

Heboyan A, Zafar MS, Karobari MI, Tribst JP. (2022a) Insights into polymeric materials for prosthodontics and
dental implantology. Materials, 15(15): 5383. Available from https:// www. mdpi. com/ 1996- 1944/
15/ 15/ 5383

Heboyan A, Zafar MS, Rokaya D, Khurshid Z. (2022b) Insights and advancements in biomaterials for
prosthodontics and implant dentistry. Molecules, 27(16): 5116. Available from https:// www. mdpi.
com/ 1420- 3049/ 27/ 16/ 511Delivery Sci Technol 71:103271

Halling-Serensen B.; Nielsen S. N.; Lanzky P. F.; Ingerslev F.; Liitzheft H. C. H.; Jorgensen S. E. (2019).
Occurrence, Fate and Effects of Chemical Reviews Chem. Rev. 119, 3510-3673 3646 DOI.
10.1021/acs.chemrev.8b00299

Hester RE, Harrison RM. (2015). Pharmaceuticals in the Environment. Vol 41. Royal Society of Chemistry
41:92-119. DOI:10.1039/9781782622345.

Hughes S.R., Kay P. & Brown L.E. (2013). Global synthesis and critical evaluationof pharmaceutical data sets
collected from river systems. EnvironmentalScience and Technology 47: 661-677.

Jelic A., Rodriguez-Mozaz, S., Barcelo, D., & Gutierrez, O. (2015). Impact of in-sewer transformation on 43
pharmaceuticals in a pressurized sewer under anaerobic conditions. Water Research, 68, 98—108

Javed QUA, Syed MA, Arshad R, Rahdar A, Irfan M, Raza SA, Shahnaz G, Hanif S, Diez-Pascual AM. (2022)
Evaluation and optimization of prolonged release mucoadhesive tablets of dexamethasone for wound
healing: In vitro—in vivo profiling in healthy volunteers. Pharmaceutics 14(4):807

Kafaei R., Papari, F., Seyedabadi, M., Sahebi, S., Tahmasebi, R., Ahmadi, M., Sorial, G.A., Asgari, G.,
Ramavandi, B. (2018). Occurrence, distribution, and potential sources of antibiotics pollution in the
water-sediment of the northern coastline of the Persian Gulf, Iran. Sci. Total Environ. 627, 703-712

Kermia AEB, Fouial-Djebbar D, Trari M. (2016). Occurrence, fate and removal efficiencies of pharmaceuticals
in wastewater treatment plants (WWTPs) discharging in the coastal environment of Algiers. C.R.
Chim.; 19: 963£970.

Khan U. & Nicell, J. (2015).Human health relevance of pharmaceutically active compounds in drinking water.
AAPS J. 17, 558-585.

Kivrak 1., Kivrak, S., & Harmandar, M. (2016). Development of a rapid method for the determination of
antibiotic residues in honey using UPLC-ESI-MS / MS, 1-7. .

Klaminder J., Brodin, T., Sundelin, A., Anderson, N.J., Fahlman, J., Jonsson, M., Fick, J. (2015). Long-term
persistence of an anxiolytic drug (oxazepam) in a large freshwater lake. Environ. Sci. Technol. 49,
10406—10412. doi:10.1021/acs.est.5b01968

K'oreje K.O., Vergeynst, L., Ombaka, D., De Wispelaere, P., Okoth, M., Van Langenhove, H., Demeestere, K.
(2016). Occurrence patterns of pharmaceutical residues in wastewater, surface water and groundwater
of Nairobi and Kisumu city, Kenya. Chemosphere 149, 238e244.

Lagesson J.F., T. Brodin, J. Fick, M. Jonsson, P. Bystrom, J. Klaminderand p. (2016), Bioaccumulation of five
pharmaceuticals at multiple trophic levels in an aquatic food web - insights from a field experimentSci.
Total Environ. 568: p. 208-215

Lee Y., Gerrity, D., Lee, M., Gamage, S., Pisarenko, A., Trenholm, R.A., Canonica, S., Snyder, S.A., Von
Gunten, U.(2016). Organic Contaminant Abatement in Reclaimed Water by UV/H202 and a
Combined Process Consisting of O3/H202 Followed by UV/H202: Prediction of Abatement
Efficiency, Energy Consumption, and Byproduct Formation. Environ. Sci. Technol. 50, 3809—3819.
doi:10.1021/acs.est.5b04904

Levine H., Jargensen N., Martino-Andrade A., Mendiola J., Weksler-Derri D., Mindlis 1., Pinotti R., Swan S.H.
(2017).Temporal trends in sperm count: a systematic review and metaregression analysis, Hum.
Reprod. Update, 1-14.

LiY., Zhang L., Liu X., Ding J. (2019). Ranking and prioritizing pharmaceuticals in the aquatic environment of
China. Sci. Total Environ. 658, 333-342.

Saim & Behira, J. Mater. Environ. Sci., 2023, 14(3), pp. 613-625 621



Lin, H.J.; Chen, L.L.; Li, H.P.; Luo, Z.F.; Lu, J.; Yang, Z.G. (2018).Pharmaceutically active compounds in the
Xiangjiang River, China: Distribution pattern, source apportionment, and risk assessment. Sci. Total
Environ. 636, 975-984.

Liu, H., Py, C., Yu, X., Sun, Y., Chen, J. (2018b). Removal of tetracyclines, sulfonamides, and quinolones by
industrial-scale composting and anaerobic digestion processes. Environ. Sci. Pollut. Res.
https://doi.org/10.1007/s11356-018-1487-3.

Liu, J.C.; Lu, G.H.; Zhang, Z.H.; Bao, Y.J.; Liu, F.L.; Wu, D.H.; Wang, Y.H. (2015).Biological effects and
bioaccumulation of pharmaceutically active compounds in crucian carp caged near the outfall of a
sewage treatment plant. Environ. Sci. Process. Impacts, 17, 54—61.

Liu, Y., Fan, Q., Wang, J.L.(2018a). Zn-Fe-CNTs catalytic in situ generation of H202 forFenton-like
degradation of sulfamethoxazole. J. Hazard. Mater. 342, 166—176.

Lolic, A., Paiga, P., Santos, L. H. M. L. M., Ramos, S., and Correia Mand Delerue-Matos, C. (2015). Assessment
of non-steroidal anti-inflammatory and analgesic pharmaceuticals in seawaters of North of Portugal:
occurrence and environmental risk. Sci. Total Environ. 508, 240-250. doi: 10.1016/j.scitotenv.
2014.11.097.

Liu W, Sutton NB, Rijnaarts HH, Langenhoff AA.(2020a). Anaerobic biodegradation of pharmaceutical
compounds coupled to dissimilatory manganese (iv) or iron (iii) reduction. J Hazard Mater
388:119361

Liu Y, Feng M, Wang B, Zhao X, Guo R, Bu Y, Zhang S, Chen J. (2020b) Distribution and potential risk
assessment of antibiotic pollution in the main drinking water sources of nanjing, china. Environ Sci
Pollut Res Int 27(17):21429-21441. https:// doi. org/ 10. 1007/ s11356- 020- 08516-7

Lopez, B., Ollivier, P., Togola, A., Baran, N., Ghestem, J.-P.(2015). Screening of French groundwater for
regulated and emerging contaminants. Sci. Total  Environ. 518-519, 562-573.
doi:10.1016/j.scitotenv.2015.01.110.

Ma R.X.; Wang, B.; Lu, S.Y.; Zhang, Y.Z.; Yin, L.; Huang, J.; Deng, S.B.; Wang, Y.J.; Yu, G.( 2016).
Characterization of pharmaceutically active compounds in Dongting Lake, China: Occurrence, chiral
profiling and environmental risk. Sci. Total Environ. 557-558, 268-275.

Madikizela L.M., Tavengwa N.T. & Chimuka L. (2017). Status of pharmaceuticals in African water bodies:
Occurrence, removal and analytical methods. Journal of Environmental Management 193: 211-220.

Manickum T., John, W. (2014). Occurrence, fate and environmental risk assessment of endocrine disrupting
compounds at the wastewater treatment works in Pietermaritzburg (South Africa). Sci. Total Environ.
468e469, 584e597.

Maia AS, Ribeiro AR, Castro PM, Tiritan ME. (2017) Chiral analysis opesticides and drugs of environmental
concern: Biodegradati and enantiomeric fraction. Symmetry, 9(9): 196. Available from https:// www.
mdpi. com/ 2073- 8994/9/ 9/ 196

Mehmood Y, Saleem N, Syed MA, Hanif S. (2017) Application of uv spectrophotometric method for easy and
rapid estimation of sulfasalazine in pharmaceutical formulation (suspension). Pharm Methods 8:174—
177

Mendoza A, Rodriguez-Gil JL, Gonzalez-Alonso S, Mastroianni N, Lopez de Alda M, Barcelo D, Valcarcel Y.
(2014) Drugs of abuse and benzodiazepines in the madrid region (central spain): seasonal variation in
river waters, occurrence in tap water and potential environmental and human risk. Environ Int 70:76—
87. https:// doi. org/ 10. 1016/. envint. 2014. 05. 009

Muhammad A, Zahoor AF, Igbal MS, Haroon K, Khan [U, Shah MA, Hanif S, Mohsin NA, Islam N, Tkram M.
(2022) In vitro-ex vivo characterization of agarose—carbopol 934R based buccal mucoadhesive
tablets containing benzocaine and tibezonium iodide as model drugs. Lat Am J Pharm 41:1-10

Moghaddam A, Ranjbar R, Yazdanian M, Tahmasebi E, Alam M, Abbasi K, Hosseini ZS, Tebyaniyan H. (2022)
The current antimicrobial and antibiofilm activities of synthetic/herbal/biomaterials in dental
application. Biomed Res Int. https:// doi. org/ 10. 1155/ 2022/ 88560 25

Naghdi M.T., S.K. Brar, A. Kermanshahi-pour, M. Verma, R. Surampalli. (2017). Immobilized laccase on
oxygen functionalized nanobiochars through mineralacids treatment for removal of carbamazepine.
Sci. Total Environ., Appl. Sci, 9, 1078 14 of 17.

Odendaal C., Seaman M.T., Kemp G., Patterton, H.E., Patterton, H.G. (2015). An LCMS/ MS based survey of
contaminants of emerging concern in drinking water in South Africa. S. Afi. J. Sci. 111, 1e6.

Ostman M., Lindberg R.H., Fick J., Bjorn E., Tysklind, M. (2017). Screening of biocides, metals and antibiotics
in Swedish sewage sludge and wastewater. Water Res. 115, 318-328.

Saim & Behira, J. Mater. Environ. Sci., 2023, 14(3), pp. 613-625 622



Pan, M., Chu, L.M. (2018). Occurrence of antibiotics and antibiotic resistance genes in soils from wastewater
irrigation areas in the Pearl River Delta region, southern China. Sci. Total Environ. 624, 145-152

Petrie B, Barden R, Kasprzyk-Hordern B. (2015) A review on emerging contaminants in wastewaters and the
environment: current knowledge, understudied areas and recommendations for future monitoring.
Water Res 72:3-27

Pic6 Y., & Barceld D. (2015). Transformation products of emerging contaminants in the environment and high-
resolution mass spectrometry: a new horizon. Analytical and bioanalytical chemistry, 407(21), 6257-
6273.

Raghunandan, K., Kumar, A., Kumar, S., Permaul, K., and Singh, S. (2018). Production of gellan gum, an
exopolysaccharide, from biodiesel-derived waste glycerol by Sphingomonas spp. 3Biotech 8:71. doi:
10.1007/s13205-018-1096-3.

Rivera-Utrilla J., Sanchez-Polo M., Ferro-Garcia M.A., Prados-Joya G. & Ocampo-Pérez R. (2013).
Pharmaceuticals as emerging contaminants and their removal from water. A review. Chemosphere 93:
1268-1287.

Rosi-Marshall, E.J., Kincaid, D.W., Bechtold, H.A., Royer, T.V., Rojas, M., Kelly, J.J.(2013).Pharmaceuticals
suppress algal growth and microbial respiration and alter bacterial communities in stream biofilms.
Ecol. Appl. 23:583-593. http://dx.doi.org/10.1890/ 12-0491.1.

Rana RS, Singh P, Kandari V, Singh R, Dobhal R, Gupta S. (2017) A review on characterization and
bioremediation of pharmaceutical industries’ wastewater: an indian perspective. Appl Water Sci
7(1):1-12. https:// doi. org/ 10. 1007/ s13201- 014- 0225-3

Raza A, Murtaza SH, Hanif' S, Igbal J, Ali I, Aftab T, Shakir R, Bedar R, Syed MA. (2022) Validation of a rapid
and economical rp-hplc method for simultaneous determination of metformin hydrochloride and
sitagliptin phosphate monohydrate: greenness evaluation using agree score. Pakistan J Pharm Sci.
https:// doi. org/ 10. 36721/ PJPS. 2022. 35.1. REG. 015- 021.1

Razzaq S, Syed MA, Irfan M, Khan I, Sarfraz RM, Shakir R, Ali S, Igbal Z, Niaz Y, Mujtaba SH. (2021)
Optimization of metronidazole sr buccal tablet for gingivitis using genetic algorithm. Pak J Pharm Sci
34(6):2149-2158.

Rudd MA, Ankley GT, Boxall AB, Brooks BW. (2014) International scientists’ priorities for research on
pharmaceutical and personal care products in the environment. Integr Environ Assess Manag
10(4):576-587. https:// doi. org/ 10. 1002/ ieam. 1551

Syed MA, Aziz G, Jehangir MB, Tabish TA, Zahoor AF, Khalid SH, Khan IU, Hosny KM, Rizg WY, Hanif S.
(2022) Evaluating novel agarose-based buccal gels scaffold: Mucoadhesive and pharmacokinetic
profiling in healthy volunteers. Pharmaceutics 14(8):1592

Shakir R, Hanif S, Salawi A, Arshad R, Sarfraz RM, Irfan M, Raza SA, Barkat K, Sabei FY, Almoshari Y.
(2022) Exorbitant drug loading of metformin and sitagliptin in mucoadhesive buccal tablet: In vitro
and in vivo characterization in healthy volunteers. Pharmaceuticals 15(6):686

Sadkowska J., Caban, M., Chmielewski, M., Stepnowski, P. & Kumirska, J. (2017). Environmental aspects of
using gas chromatography for determination of pharmaceutical residues in samples characterized by
different composition of the matrix, Archives of Environmental Protection, 43(3), pp. 3-9.

Saitoh T., Shibata, K., Fujimori, K., Ohtani, Y.(2017). Rapid removal of tetracycline antibiotics from water by
coagulation-flotation of sodium dodecyl sulfate and poly (allylamine hydrochloride) in the presence
of AI(III) ions. Sep. Purif: Technol. 31, 427-447.

Segura P. A.; Takada, H.; Correa, J. A.; El Saadi, K.; Koike, T.; Onwona-Agyeman, S.; Ofosu-Anim, J.; Sabi,
E. B.; Wasonga, O. V.; Mghalu, J. M.; Junior, A. M. d. S.; Newman, B.; Weerts, S.; Yargeau, V.
(2015). Global Occurrence of Anti-Infectives in Contaminated Surface Waters: Impact of Income
Inequality between Countries. Environ. Int., 80, 89—97

Shi X, Leong KY, Ng HY. (2017) Anaerobic treatment of pharmaceutical wastewater: a critical review.
Bioresour Technol 245:1238—1244. https://doi.org/10.1016/j.biortech.2017.08.150

Simazaki D, Kubota R, Suzuki T, Akiba M, Nishimura T, Kunikane S. (2015) Occurrence of selected
pharmaceuticals at drinking water purification plants in Japan and implications for human health.
Water Research 76: 187-200 DOI 10.1016/j.watres.2015.02.059.

Singh S, Kumar GV. (2016) Biodegradation and bioremediation of pollutants: perspectives strategies and
applications. Int J Pharmacol Bio Sci 10(1):53-65.

Song J.M.; Qu, B.X.; Li, X.G.; Yuan, H.M.; Li, N.; Duan, L.Q. (2018).Carbon sinks/sources in the Yellow and
East China Seas-Air-sea interface exchange, dissolution in seawater, and burial in sediments. Sci.
China Earth Sci. 61, 1583—-1593.

Saim & Behira, J. Mater. Environ. Sci., 2023, 14(3), pp. 613-625 623



Su, T., Deng, H., Benskin, J. P., & Radke, M. (2016). Biodegradation of sulfamethoxazole photo-transformation
products in a water/sediment test. Chemosphere

Tang J.T., Wang J.L. (2018). Metal organic framework with coordinatively unsaturated sites as efficient Fenton-
like catalyst for enhanced degradation of sulfamethazine. Environ. Sci. Technol. 52, 5367-53717.

Thiebault T., Boussafir, M., Guégan, R., Le Milbeau, C., Le Forestier, L. (2016a). Clayey—sand filter for the
removal of pharmaceuticals from wastewater effluent: percolation experiments. Environ. Sci. Water
Res. Technol. 2, 529-538. doi:10.1039/C6EW00034G

Thiebault T., Boussafir, M., Le Forestier, L., Le Milbeau, C., Monnin, L., Guegan, R. (2016b). Competitive
adsorption of a pool of pharmaceuticals onto a raw clay mineral. RSC Adv. 6, 65257-65265.
doi:10.1039/C6RA10655B

Vilitalo P., Kruglova, A., Mikola, A., Vahala, R. (2017). Toxicological impacts of antibiotics on aquatic micro-
organisms: A mini-review. [Int. J. Hyg. Environ. Health. (accepted for publication)
d0i:10.1016/j.17¢h.2017.02.003

Van Boeckel T. P., Brower, C., Gilbert, M., Grenfell, B. T., Levin, S. A., Robinson, T. P., et al. (2015). Global
trends in antimicrobial use in food animals. Proc. Natl. Acad. Sci. U.S.A. 112, 5649-5654. doi:
10.1073/pnas.1503141112.

Vasiliadou I. A., Molina R., Martinez F., Melero J. A., Stathopoulou P. M., Tsiamis G. (2018).Toxicity
assessment of pharmaceutical compounds on mixed culture from activated sludge using respirometric
technique: The role of microbial community structure. Science of The Total Environment:.630:808—
819. doi:10.1016/j.scitotenv.2018.02.095

Vasque M. L., Lambrianides, A., Schneider, M., Kiimmerer, K., & Fatta-Kassinos, D. (2014). Environmental
side effects of pharmaceutical cocktails: what we know and what we should know. Journal of
Hazardous Material 279, 169-89.

Veloutsou S., Bizani, E., & Fytianos, K. (2014). Photo-Fenton decomposition of B-blockers atenolol and
metoprolol; study and optimization of system parameters and identification of intermediates.
Chemosphere, 107, 180—186.

Verlicchi P.; Zambello, E.(2015). Pharmaceuticals and Personal Care Products in Untreated and Treated Sewage
Sludge: Occurrence and Environmental Risk in the Case of Application on Soil A Critical Review.
Sci. Total Environ. 2015, 538, 750-767.

Wang J.L., Wang, S.Z. (2018). Activation of persulfate (PS) and peroxymonosulfate (PMS) and application for
the degradation of emerging contaminants. Chem. Eng. J. 334, 1502—1517.

Wang Q.,Wang, P.L., Yang, Q.X. (2018). Occurrence and diversity of antibiotic resistance in untreated hospital
wastewater. Sci. Total Environ. 621, 990-999.

Wang S.Z., Wang, J.L. (2018a). Biodegradation andmetabolic pathway of sulfamethoxazole by a novel strain
Acinetobacter sp. Appl. Microbiol. Biotechnol. 102, 425-432.

Wang S.Z., Yin, Y.N.,Wang, J.L. (2017b). Enhanced biodegradation of triclosan by means of gamma irradiation.
Chemosphere 167, 406414,

Wang S.Z.,Wang, J.L. (2018b). Degradation of carbamazepine by radiation-induced activation of
peroxymonosulfate. Chem. Eng. J. 336, 595-601

Wiest L, Chonova T, Bergél A, Baudot R, Bessueille-Barbier F, Ayouni- Derouiche L, Vulliet E. (2018) Two-
year survey of specific hospital wastewater treatment and its impact on pharmaceutical discharges.
Environ Sci Pollut Res 25:9207-9218.

World Health Organization, “Antibiotic resistance,” (2018). [Online]. Available: http://www.who.int/news-
room/fact-sheets/detail/antibiotic-resistance. [Accessed: 16-Oct-2018].

Xie Z.X.; Lu G.H.; Liu JC.; Yan Z.H.; Ma B.N.; Zhang Z.H.; Chen W. (2015). Occurrence, bioaccumulation,
and trophic magnification of pharmaceutically active compounds in Taihu Lake, China. Chemosphere

Xiong JQ, Kurade MB, Jeon BH. (2017) Can microalgae remove pharmaceutical contaminants from water?
Trends Biotechnol 1554:1-15 N.

Yan Q., Gao X., Huang L., Gan X.-M., Zhang Y.-X., Chen, Y.-P., Peng, X.-Y., Guo, J.-S. (2014). Occurrence
and fate of pharmaceutically active compounds in the largest municipal wastewater treatment plant in
Southwest China: Mass balance analysis and consumption back-calculated model. Chemosphere 99,
160-170. doi:10.1016/j.chemosphere.2013.10.062.

Yang L. et al. (2017). Occurrence, distribution, and attenuation of pharmaceuticals and personal care products
in the riverside groundwater of the Beiyun River of Beijing, China. Environ. Sci. Pollut. Res. 24,
15838-15851.

Saim & Behira, J. Mater. Environ. Sci., 2023, 14(3), pp. 613-625 624



Yang Y.Y., Zhao, J.L., Liu, Y.S., Liu,W.R., Zhang, Q.Q., Yao, L., Hu, L.X., Zhang, J.N.,Jiang, Y.X., Ying,
G.G. (2018). Pharmaceuticals and personal care products (PPCPs) and artificial sweeteners (ASs) in
surface and ground waters and their application as indication of wastewater contamination. Sci. Total
Environ. 616, 816-823.

Yazdanian M, Rostamzadeh P, Rahbar M, Alam M, Abbasi K, Tahmasebi E, Tebyaniyan H, Ranjbar R, Seifalian
A, Yazdanian A. (2022) The potential application of green-synthesized metal nanoparticles in
dentistry: a comprehensive review. Bioinorg Chem Appl 2022:2311910.

Zhang X.B., Guo,W.S., Ngo, H.H.,Wen, H.T., Li, N., Wu W. (2016a). Performance evaluation of powdered
activated carbon for removing 28 types of antibiotics from water. J. Environ. Manag. 172, 193-200.

Zhao X, Chen ZL, Wang XC, Li JCZ, Shen JM, Xu H. (2015) Remediation of pharmaceuticals and personal
care products using an aerobic granular sludge sequencing bioreactor and microbial community
profiling using Solexa sequencing technology analysis. Bioresource Technology 179, 104-112. DOI
10.1016/j.biortech.2014.12.002

Zunngu S.S., Madikizela L.M., Chimuka L., Mdluli P.S. (2017). Synthesis and application of a molecularly
imprinted polymer in the solid-phase extraction of ketoprofen from wastewater. Comp. Rendus Chim.
20, 585-591, http://dx.doi.org/10.1016/j.crci.2016.09.006.

(2023) ; http://www.jmaterenvironsci.com

Saim & Behira, J. Mater. Environ. Sci., 2023, 14(3), pp. 613-625 625



