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The fate of 12 pharmaceutical pollutants was investigated to understand their removal mechanism during hospital wastewater (HWW) treatment in submerged membrane bioreactor (SMBR). High concentrations of anti-depressant (venlafaxine and desvenlafaxine), analgesic (ibuprofen and hydroxy-ibuprofen), and caffeine were detected in the HWW during the entire study period. The SMBR showed high removal >70% of antibiotics (sulfamethoxazole and clarithromycin), beta-blocker (acebutolol), hormone (estrone), and caffeine via biodegradation. The partial degradation of diclofenac, venlafaxine, and desvenlafaxine in SMBR indicates the growth promoter or agent requirement, which could facilitate the metabolism and co-metabolism of these pharmaceuticals by microorganisms. The study demonstrated that the major removal mechanism of pharmaceuticals in SMBR at optimized treatment conditions was biodegradation for the majority of examined pharmaceuticals. The assessment of SMBR performance at the low temperature of 15 and 10°C resulted in the drop of biodegradation efficiency of SMBR, affecting overall pharmaceuticals removal.

Keywords: removal mechanism, biodegradation, sorption, hospital wastewater, submerged membrane bioreactor


INTRODUCTION

The increases in demand and production of pharmaceutical compounds resulted in the prevalence of pharmaceutical pollutants in the environment (Tiwari et al., 2016). The presence of ibuprofen, diclofenac, trimethoprim, paracetamol, and citalopram was documented in the 12 estuaries of the UK (Letsinger et al., 2019). A recent study reported the presence of 11 pharmaceuticals, namely Betamethasone, Fluconazole, Loratadine, Prednisone, Atorvastatin, Danofloxacin, Enoxacin, Norfloxacin, Ketoprofen, and Gemfibrozil in the drinking water treatment plant of Brazil, with a concentration ranging from few ng L−1 to 6,323 ng L−1 (Reis et al., 2019). The presence of pharmaceuticals in waterbodies can impact aquatic organisms; for instance, a study reported that the presence of diclofenac affects immune response and kidney and gill integrity of fish (Hoeger et al., 2005). Moreover, the synergistic effect of two or more pharmaceuticals (even at low environmental concentration) is stronger than the individual compound. Cleuvers (2003) showed that the consolidated effect of carbamazepine and clofibric acid was more substantial on Daphnia magna compared to a single compound. The presence of pharmaceuticals in the aquatic environment indicates the need to develop an efficient treatment process.

The investigation of membrane bioreactor process (MBR) and conventional activated sludge process (CAS) reported the better performance of the former technique for micropollutants and pathogens removal (Kim et al., 2014; Tiwari et al., 2016). The MBR process offers many advantages over other biological treatment techniques, which favors the efficient treatment of wastewater. Apart from the high biomass concentration and sludge retention, MBR has many benefits that result in the efficient removal of micro-pollutant. For instance, in MBR, the specific floc surface per unit reactor volume was 10 times higher than CAS, facilitating the substrate's diffusion (such as micro-pollutants) into the flocs (Cirja et al., 2007). Moreover, the MBR was reported to have a higher viable fraction of biomass compared to the CAS process due to efficient mass transfer conditions (Cirja et al., 2007). The MBR allows maintenance of long sludge retention time which increases the assimilation potential of microorganisms for micro-pollutants via adaptation and mutation.

The research investigation on removing pharmaceutical pollutants from water and wastewater using MBR reveals that the MBR could be an efficient treatment option for pharmaceutical removal (Cirja et al., 2007; Tadkaew et al., 2011; Rua-Gomez and Puttmann, 2012; Tiwari et al., 2019). Sipma et al. (2010) reviewed the pharmaceutical removal efficiency of MBR and CAS. The study demonstrated that the removal of ibuprofen, diclofenac, ketoprofen, indomethacin, naproxen, mefenamic acid, sulfamethoxazole, and others were 20–50% higher in MBR (Sipma et al., 2010). The efficiency of MBR for the elimination of pharmaceutical pollutants depends on various factors, such as hydraulic retention time (HRT), sludge retention time (SRT), pH, temperature, suspended solid concentration, physicochemical properties of the pollutant, and microbial community (Cirja et al., 2007; Tadkaew et al., 2011; Tiwari et al., 2019). The physicochemical properties of pharmaceutical pollutants, namely, hydrophobicity, hydrophilicity, and chemical structure, influence the sorption and biodegradation process in MBR. For instance, the presence of halogen and a strong electron acceptor makes the compound less susceptible to degradation. The hydrophobicity and hydrophilicity of a compound govern its sorption on the sludge solids.

Apart from the physicochemical properties, the operating parameter of MBR also influences pharmaceutical removal and its mechanism. For instance, oxytetracycline was reported to have high sorption on sludge even if it exists in the form of a zwitter ion (Cirja et al., 2007). The study suggests that along with the physicochemical properties, the sludge characteristics influences the interaction of pharmaceutical pollutant to the sludge matrix (Cirja et al., 2007). Thus, to understand pharmaceutical fate during the biological treatment of hospital wastewater, the study was conducted to investigate the removal mechanism of pharmaceutical pollutants in submerged membrane bioreactor (SMBR). The operating temperature of SMBR is critical, which affects treatment efficiency by altering microbial activity. The alteration in microbial activity may affect the removal mechanism of pharmaceutical pollutants. Therefore, the study also analyzed the influence of varying operating temperatures on SMBR performance and the removal mechanism of pharmaceuticals. Apart from temperature, the other operating conditions of SMBR were also investigated and discussed in our previous publications (Tiwari et al., 2019).



MATERIALS AND METHODS


Hospital Wastewater Sampling

The hospital wastewater was sampled from one of the hospitals of Quebec City (QC), Canada. The hospital generates ~200 m3 of wastewater daily. The hospitals have a separate sewer network for the wastewater generated from operating blocks. The sewer networks of hospitals discharge wastewater into the public sewer without any pre-treatment. The hospital wastewater for the study was collected from the sewer network connected to the operating blocks of the hospital by using an automatic sampler (Teledyne Isco 3710 auto-sampler).



SMBR Setup and Operation

In order to investigate the removal mechanism of pharmaceutical pollutants from hospital wastewater, a SMBR (with 6L working volume) was operated in continuous mode. The SMBR was equipped with a hollow fiber membrane (ZW-1, Zenon Environmental Inc., Canada) having a pore size of 0.04 μm. The wastewater was fed in the SMBR unit using a peristaltic pump. The hollow fiber membrane was placed vertically within the reactor, and it was connected with a second peristaltic pump for filtration and backwashing. The SMBR has a filtration cycle of 50 sec and a backwash of 10 sec. The compressed air was continuously supplied in the reactor using a perforated tube placed in the bottom of the reactor. Initially, the SMBR was inoculated with activated sludge of a municipal wastewater treatment plant (Victoriaville, Quebec, Canada). The mixed liquor suspended solids (MLSS), and mixed liquor volatile suspended solids (MLVSS) concentration of the seed sludge was 5 and 3.5 g L−1, respectively. The biomass of SMBR was developed using synthetic hospital wastewater augmented with pharmaceuticals (Tiwari et al., 2019). Once the SMBR biomass reached the MLSS concentration of 15.8 g L−1, the study on optimization of SMBR operating conditions was performed (Tiwari et al., 2019, 2021). Following the optimization, the acclimatization of SMBR biomass with hospital wastewater was performed. The pH of the SMBR was maintained at 7 ± 0.5. An SRT of 100 days and HRT of 18 h optimized previously was utilized to examine the SMBR performance for hospital wastewater treatment. The dissolved oxygen concentration of 8 mg L−1was maintained in the SMBR. To study the effect of varying operating temperature of SMBR on the fate of pharmaceuticals, the desired temperature was achieved using a lab-made thermostat. The circulating bath refrigerator was connected to the thermostat to maintain the operating temperature.



Analytical Methods

The SMBR samples (feed, effluent, and sludge) were collected regularly (twice a week) for pharmaceutical analysis. The pH and temperature of the SMBR were measured using Acumet pH meter (Ion meter excel XL2, Fisher Scientific Co.) equipped with a Cole-Palmer double junction electrode (reference Ag/AgCl). Liquid chromatography and tandem mass spectrometry analysis (LC-MS/MS) (Thermo Scientific TSQ Quantiva Triple-Stage Quadrupole Mass Spectrometer, Germany) technique was utilized for the determination of pharmaceuticals concentration. The High-Performance Liquid Chromatography (HPLC) grade water and methanol were used for the pre-concentration and elution step. The recovery of pharmaceutical was >80% in influent, and effluent of SMBR and limit of detection and limit of quantification was <1 ng L−1.

The method used for the pharmaceuticals analysis in sludge was a classic organic solvent extraction with sonication and centrifugation. The extract is pre-concentrated and diluted in water to do the purification, which is a solid-phase extraction (SPE) on Hypersep Retain polar enhanced polymer (PEP) cartridges from Thermo Scientific (200 mg, 6 mL). After purification, the clean extract was dried under nitrogen and reconstituted in the injection solvent. The analysis was done on the High-Performance Liquid Chromatography-Mass spectrometry (HPLC-MS) system.

For the determination of sample concentrations, both in the effluent and sludge, a matched-matrix calibration curve was used with the addition of an isotope-labeled internal standard. These same internal standards are added to the samples prior to pre-treatment steps (filtration, extraction, purification). Quality control solutions and solvent blanks are injected during each analytical run to ensure system stability and adequate performance.



Mass Balance

The fate of pharmaceuticals in SMBR was determined by evaluating the biodegradation and sorption to sludge solids. The fraction of mass loading of pharmaceuticals that were sorbed to sludge, bio-degraded, and remained in SMBR permeate were calculated:

[image: image]

Thus, MB (mg d−1) = MI – Ms- Mp

Where MB is the mass of pharmaceutical biodegrade/transformed in SMBR, MI is the mass of pharmaceutical in SMBR influent (mg d−1), MP is the mass of pharmaceutical in SMBR permeate (mg d−1), Ms is the mass of pharmaceutical sorbed to sludge (mg d−1).




RESULTS


Distribution of Pharmaceuticals in HWW, SMBR Sludge, and Permeate

The study investigated the occurrences of 12 pharmaceuticals in HWW and their removal in SMBR. The monitored pharmaceuticals were ibuprofen, hydroxy ibuprofen, diclofenac, hydroxy-diclofenac, acebutolol, estrone, sulfamethoxazole, clarithromycin, venlafaxine, desvenlafaxine, caffeine, and carbamazepine. The detailed operating condition of SMBR and treatment efficiency was provided elsewhere (Tiwari et al., 2021). Table 1 shows the average concentration of pharmaceuticals in SMBR influent i.e., in HWW, permeate, and sludge. High concentration of ibuprofen, hydroxy-ibuprofen, venlafaxine, desvenlafaxine and caffeine were detected in the range of 1,000–70,000 ng L−1 in HWW. The concentration of diclofenac, hydroxy-diclofenac, acebutolol, estrone, clarithromycin, and carbamazepine were ranged between 20 and 350 ng L−1 in HWW. The measured concentration of ibuprofen, caffeine, hydroxy–ibuprofen in HWW was similar to those reported in wastewater treatment of Canada (Kim et al., 2014).


Table 1. Mean concentration of pharmaceuticals in SMBR influent, effluent, and sludge at optimized treatment condition.
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In SMBR permeate, desvenlafaxine was the most abundant pharmaceutical, followed by venlafaxine, caffeine, and hydroxy ibuprofen. However, the concentration of caffeine was two orders of magnitude lower in permeate compared to its concentration in HWW, indicating its high removal in SMBR. Excluding the abundant pharmaceuticals, the concentration of acebutolol, estrone, sulfamethoxazole, clarithromycin, venlafaxine, diclofenac, hydroxy-diclofenac, and carbamazepine in permeate was in the range of low ng L−1 (2–200 ng L−1). Analgesic pharmaceutical ibuprofen and hydroxy ibuprofen were not detected in the sludge. Ibuprofen are slightly less sensitive for the analysis in solid phase, and the matrix effect of such contaminated samples (SMBR sludge) rose the background signal and affected the limit of detection. Venlafaxine and desvenlafaxine were the abundant drug residues detected in SMBR sludge. Their concentration ranged between 50 and 200 ng L−1. Apart from venlafaxine and desvenlafaxine, the concentration of other studied pharmaceuticals was <50 ng g−1 of dry sludge.



Fate of Pharmaceuticals in SMBR

The detailed SMBR performance and optimization of treatment conditions of SMBR were (i.e., SRT−100 d, HRT- 18h, temperature of 20°C) were provided elsewhere (Tiwari et al., 2021). The fate of pharmaceuticals in SMBR was summarized in Tables 2–4. Excluding carbamazepine and hydroxy- diclofenac, the major removal mechanism of all the studied pharmaceuticals was biodegradation. SMBR achieved >90% removal of acebutolol, estrone, and caffeine. The high biodegradation percentage of these pharmaceuticals indicates that the microbial community of SMBR was able to metabolize and/or co-metabolize these micro-pollutants readily. Although in SMBR, the total removal of sulfamethoxazole and clarithromycin were ranged between 75 and 80%, the biodegradation of both antibiotics was >70%. The biomass of SMBR was not able to degrade carbamazepine, and its degradation was negligible. The moderate biodegradation of diclofenac, venlafaxine, and desvenlafaxine (ranged 45–65%), shows the biodegradation potential of the microbial community to degrade these complex drug residues.


Table 2. Removal of pharmaceuticals in SMBR at varying operating temperature.
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Table 3. Sorption (%) of pharmaceuticals in SMBR at varying operating temperature.
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Table 4. Degradation (%) of pharmaceuticals in SMBR at varying operating temperature.
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The SMBR exhibit negligible or low (<3 %) sorption of the anti-depressant drug venlafaxine and its metabolite desvenlafaxine. The log Kow of venlafaxine is 0.43, which explains its low sorption on sludge. The moderate biodegradation of venlafaxine in SMBR (~40%) was in agreement with the previous studies (Gasser et al., 2012; Li et al., 2012; Rua-Gomez and Puttmann, 2012; Casas et al., 2015).

The sorption of diclofenac and hydroxy diclofenac on SMBR sludge was 10.3 and 23.66%, respectively. Carbamazepine is H-dibenzo[b,f]azepine-5-carboxamide, which contains a strong electron acceptor amide group. The oxidation of carbamazepine by microbial oxygenase requires a strong electron donor; however, in carbamazepine, the presence of amide limits its degradation (Tadkaew et al., 2011). A study suggested that the electron deficiency makes carbamazepine less susceptible to oxidative catabolism under aerobic conditions (Hai et al., 2011). Investigation on carbamazepine degradation reveals the anaerobic microorganism facilitates the degradation of carbamazepine due to the presence of a reducing agent, which reduces the electron deficiency and aids in catabolism (Zhang et al., 2008; Hai et al., 2011).



Fate of Pharmaceuticals in SMBR at Varying Temperature

The performance of SMBR for the removal of pharmaceutical pollutants at varying operating temperature was studied. The SMBR showed that the decrease in operating temperature reduced the pharmaceuticals removal. The detailed impact of temperature on SMBR performance was provided elsewhere (Tiwari et al., 2021) The fate of pharmaceuticals during different operating temperatures (20, 15, and 10°C) was assessed to understand the effect of temperature on sorption and biodegradation process. The criteria behind the selection of varying temperature ranges were based on the climatic condition of the area where this study was conducted. In Canada, the operating temperature of wastewater treatment plants (WWTP) varies from 5 to 20°C (Lishman et al., 2006). The fate of pharmaceuticals in SMBR at the operating temperature of 20°C (optimized condition) was discussed in section 3.2. This section provides the fate of pharmaceuticals in SMBR at the operating temperature of 15–10°C. During the biological treatment, the temperature not only impacted the biodegradation by influencing the microbial community but also affects the sorption equilibrium (Hulscher and Cornelissen, 1996). Hulscher and Cornelissen (1996) reviewed the impact of temperature on the sorption equilibrium of organic micro-pollutant. The study indicated that an increase in temperature increases the solubility of compounds, thus decreasing the sorption. The study further states that the sorption of micro-pollutants on organic matrix occurred by enthalpy related adsorption forces. The enthalpy related adsorption forces are van der wall interaction, dipole interaction, hydrogen bond, and covalent chemical bond. A chemical compound with a polar group either interacts electrostatically or donates or accepts a hydrogen bond. This electrostatic interaction will provide an exothermic contribution to the sorption enthalpy. Thus, the change in temperature influences the equilibrium sorption enthalpy and hence the sorption potential (Hulscher and Cornelissen, 1996).

The SMBR evident the decrease in biodegradation percentage of pharmaceuticals at low operating temperature. The fate of pharmaceuticals in SMBR at an operating temperature of 15 and 10°C was reported in Tables 2–4, respectively. At an operating temperature of 15°C, the biodegradation percentage of diclofenac, hydroxy diclofenac, sulfamethoxazole, clarithromycin, venlafaxine, and desvenlafaxine were reduced significantly (Table 4). However, only a slight decrease in the biodegradation percentage of estrone and caffeine was observed. The high biodegradation of estrone at low temperatures confirms the previous assumption that heterotrophic bacteria are involved in the degradation of these pharmaceuticals (Tiwari et al., 2021). Heterotrophs had a faster growth rate, and they are relatively less sensitive to temperature variation compared to nitrifying bacteria. Among the studied pharmaceuticals, a massive reduction in the biodegradation percentage of acebutolol from 92.94% at 20°C to 41.06 at 15°C was observed. A 51.88% reduction in biodegradation percentage of acebutolol indicates that the microorganism involved in acebutolol degradation was greatly affected by temperature variation.




DISCUSSION


Removal Mechanism of Pharmaceuticals in SMBR

The removal mechanisms of pharmaceuticals in WWTP are photo-degradation, biodegradation, volatilization, sorption, and physical retention. The physicochemical properties of studied pharmaceuticals are provided in Table 5. The factors limiting pharmaceutical removal in biological treatment include low Henry's constant of pharmaceutical (for volatilization), high turbidity, which prevents photo-degradation, and small molecular weight of drug residue, which facilitate its diffusion from an ultrafiltration membrane. Thus, biodegradation and sorption to biomass are the only processes responsible for pharmaceutical removal (Cirja et al., 2007; Tiwari et al., 2016). The study investigated the removal mechanism of pharmaceuticals in SMBR. The percentage of pharmaceutical degradation, sorption to sludge solid were estimated according to Kim et al. (2014). Since the study could not analyze ibuprofen and hydroxy-ibuprofen in sludge, the fate of these two compounds was not discussed.


Table 5. Physiochemical properties of studied pharmaceuticals.
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The mechanism of caffeine degradation in bacteria involves oxidative demethylation of caffeine, resulting in the formation of dimethyl uric acid and xanthine (Korekar et al., 2019). The catabolic pathway of microbial degradation of caffeine was studied in bacteria like Pseudomonas, Rhodococcus, Klebsiella, and Serratia (Korekar et al., 2019). Lin et al. (2010) demonstrated that the sorption of acebutolol was a major removal mechanism in the batch study, and biodegradation was insignificant. However, the high biodegradation of acebutolol might be due to the presence of amine and amide functional groups, which act as a strong electron donor and electron acceptor. The presence of a strong electron donor group facilitates electrophilic attack by oxygenase enzymes (Tiwari et al., 2021). To our knowledge, this is one of the first studies which analyses the fate of acebutolol in SMBR and its high biodegradation requires further in-depth investigation.

Gaulke et al. (2009) studied the biodegradation kinetic of estrone and reported that the biodegradation rate coefficient (kb) of estrone was higher than the ethinylestradiol. The kb of estrone and ethinylestradiol was 17.5 and 0.522 L/gVSS-day, respectively. The study showed that the ammonia-oxidizing bacteria (AOB) aid in the abiotic transformation of estrone to nitro estrone. The nitro estrone has lower estrogenic activity than its parent compound (Gaulke et al., 2009). However, the study further stated that the estrogen degradation was not limited to nitrifying bacteria. The high kb of estrone, i.e., 17.5 L}gVSS-day, indicated that the heterotrophic bacteria play an essential role in estrogen degradation (Gaulke et al., 2009).

The antibiotic sulfamethoxazole has a low octanol-water coefficient (log Kow <1), which prevents its sorption on the sludge solids. Moreover, the presence of an ionizable amino group in sulfamethoxazole makes it negatively charged at neutral pH, which causes electrostatic repulsion between the drug residue and sludge. The removal of sulfamethoxazole during the biological treatment is governed by co-metabolic degradation by bacteria (Kassotaki et al., 2016). Kassotaki et al. (2016) reported that the inhibition of AOB by the addition of allylthiourea reduces the elimination of sulfamethoxazole. However, Pseudomonas, Bacillus, Rhodococcus, and Mycobacterium were reported to degrade sulfamethoxazole via oxidative catabolism (Larcher and Yargeau, 2012). The antibiotic clarithromycin has a high log Kow of 3.16; the compounds with Kow ≥ 3 are considered as bioaccumulative (Sahar et al., 2011). Abegglen et al. (2009) reported that the biodegradation of clarithromycin was insignificant in batch degradation tests using activated sludge and only sorption constitutes in its removal from wastewater. However, the study examined a relatively high concentration of clarithromycin (0.25 to 1 mg L−1) (Abegglen et al., 2009). In the present study, the average clarithromycin concentration in HWW was 21 ng L−1; thus the high biodegradation percentage of clarithromycin in SMBR could be due to its low concentration and co-metabolism (Terada et al., 2017).

Gasser et al. (2012) demonstrated that the microbial biotransformation of venlafaxine requires stereoisomeric selectivity. In the human body, the enzyme cytochrome P450 (CYP) aid in the stereo-selective metabolism of venlafaxine. The biodegradation of venlafaxine and desvenlafaxine in SMBR has been attributed to the presence of microbial communities which produce CYP enzymes. Several fungal strains reported to produce CYP enzyme were identified in the SMBR and discussed elsewhere (Tiwari et al., 2021).

The anticonvulsant drug carbamazepine elimination was insignificant in the SMBR during the entire study period. The investigation on the fate of carbamazepine during the biological treatment process reveals that the carbamazepine are poorly removed during the aerobic treatment of wastewater due to their complex chemical structure and low adsorption coefficient (Cirja et al., 2007; Zhang et al., 2008; Tadkaew et al., 2011).

The sorption of diclofenac on primary and secondary sludge varies between 5 and 15%, and the highest adsorption coefficient (Kd) of diclofenac was reported for primary sludge, i.e., 1.3–2.3 (Vieno and Sillanpaa, 2014). The Kd of diclofenac on MBR sludge were ranged between 2.3 and 2.5, which is slightly higher than primary sludge (Vieno and Sillanpaa, 2014). Previous investigations revealed that MBR exhibits smaller flocs sizes compared to conventional activated sludge processes (Munz et al., 2008). Thus, the high adsorption potential of diclofenac in MBR could be due to the small floc size, which provides a higher surface area for sorption. The low sorption percentage of diclofenac in SMBR might be due to the long SRT (100 d), which might enhance the biodegradation potential of the microbial community. The acidic pharmaceutical diclofenac was reported to alter the bacterial community structure of WWTP and resulted in a decreased diversity of nitrifiers population (Vieno and Sillanpaa, 2014; Cherik et al., 2015). The biodegradation constant (Kbiol) of diclofenac in MBR was < 0.1 (Vieno and Sillanpaa, 2014). According to a study, the biodegradation of pollutants with Kbiol < 0.1 was <20% (Suárez et al., 2012). However, the SMBR exhibits ~37% of biodegradation of diclofenac. The slight high removal of diclofenac in SMBR could result from the long SRT and acclimatizing microbial population. The long SRT favors the growth of slow-growing nitrifying bacteria, which are assumed to be involved in diclofenac degradation (Tiwari et al., 2021). A study reported an increase in diclofenac degradation while enriching the sludge with the nitrifying bacterial population (Suárez et al., 2012).



Removal Mechanism of Pharmaceuticals at Varying Temperature

The decrease in temperature from 20 to 15°C resulted in a slight increase in the sorption percentage of all the studied pharmaceuticals except carbamazepine. A negative removal of carbamazepine was observed in SMBR. The negative removal of carbamazepine was either due to the reconversion of carbamazepine metabolites into the parent compound or due to the desorption of carbamazepine residue from sludge at low temperature (Duran-Alvarez et al., 2012; Tiwari et al., 2019). The increased sorption of pharmaceuticals like diclofenac, clarithromycin, venlafaxine, desvenlafaxine, estrone, and caffeine at low operating temperature (15°C) indicates that the sorption of these pharmaceuticals could be exothermic and reversible process (Ren et al., 2007). For instance, the thermodynamic analysis of adsorption of estrone on sludge showed that the estrone tended to adsorb more at low temperature and can be considered an exothermic adsorption process (Ren et al., 2007; Qingling et al., 2009). Although the sorption of most of the studied pharmaceuticals was increased at 15°C, the overall removal of pharmaceuticals in SMBR was reduced due to a decrease in biodegradation percentage.

The further decrease in SMBR operating temperature from 15 to 10°C reduces the sorption and biodegradation and thus deteriorates pharmaceutical removal. The comparative analysis of the sorption percentage of pharmaceuticals at 15 and 10°C indicates a decrease in sorption of all the studied pharmaceuticals except caffeine. An investigation on sorption kinetics of caffeine demonstrates that caffeine has a fast initial sorption phase which dominates the biodegradation process (Martinez-Hernandez et al., 2016). However, the effect of temperature on the sorption kinetics of caffeine required further investigation.

Although the sorption of pharmaceuticals is less sensitive to low temperature, the overall decrease in pharmaceutical removal indicates that bio-degradation is the major removal mechanism of all the studied pharmaceuticals. The reduction in biodegradation percentage shows that the degrading microbial community are highly susceptible to temperature variation. In order to enhance the pharmaceutical removal in SMBR, the investigation on pharmaceutical removal at warmer temperatures (25, 30, and 35°C) is required. However, the operation and maintenance of warmer temperatures in WWTP in colder countries like Canada or America are challenging; thus, tertiary treatment of pharmaceutical containing wastewater may provide complete neutralization.




CONCLUSION

The study investigated the removal mechanism of pharmaceutical pollutants during the treatment of hospital wastewater in SMBR. The obtained result showed that biodegradation was the major removal mechanism of pharmaceuticals in SMBR at optimized treatment conditions. The change in treatment conditions affects the removal efficiency and removal mechanism of pharmaceutical pollutants in SMBR. The investigation on the fate of pharmaceuticals in SMBR at varying temperatures leads to a decline in the biodegradation potential of microorganisms for pharmaceutical removal. The partial bio-degradation of certain pharmaceuticals in SMBR such as diclofenac, venlafaxine, sulfamethoxazole, and clarithromycin, indicates that the microbial community of SMBR has the capability to degrade these recalcitrant pollutants. However, the complete degradation requires thorough investigation on other factors which influence their biodegradability. The study extended our knowledge on the fate of pharmaceutical pollutants in SMBR and suggested that the influence of other operating parameters on the removal mechanism of pharmaceutical pollutants should be investigated.
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