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17 Abstract: The present work describes the optimization and validation of a highly selective and
18 sensitive analytical method using solid phase extraction and liquid chromatography tandem mass
19 spectrometry (SPE LC-MS/MS) for the determination of some frequently prescribed
20 pharmaceuticals in urban wastewater received and treated by Sharjah sewage treatment plant
21 (STP). The extraction efficiency of different SPE cartridges was tested and the simultaneous
22 extraction of pharmaceuticals was successfully accomplished using hydrophilic-lipophilic-

23 balanced reversed phase Waters® Oasis HLB cartridge (200 mg/ 6 mL) at pH 3. The analytes were
24 separated on an Aquity BEH Ciscolumn (1.7 um, 2.1 mm x 150 mm) using gradient elution and the

25 mass spectrometric analysis were performed in multiple reactions monitoring (MRM) selecting
26 two precursor ions to produce ion transition for each pharmaceutical using positive electrospray
27 ionization (+ESI) mode. The correlation coefficient values in the linear calibration plot for each
28 target compound exceeded 0.99 and the recovery percentages of the investigated pharmaceuticals

29 were more than 84%. Limit of detection (LOD) varied between 0.1-1.5 ng/L and limit of
30 quantification (LOQ) was 0.3-5 ng/L for all analytes. The precision of the method was calculated as

31 the relative standard deviation (RSD%) of replicate measurements and was found to be in the
32 ranges of 2.2% to 7.7% and 2.2% to 8.6% for inter and intra-day analysis, respectively. All of the
33 obtained validation parameters satisfied the requirements and guidelines of analytical method
34 validation.

35 Keywords: Liquid chromatography-tandem mass spectrometry; Pharmaceuticals; wastewater
36 analysis; solid phase extraction

37

38 1. Introduction

39 As population growth rate escalates, greater demand is being placed on securing adequate
40  water supplies, and greater challenges arise in purifying wastewaters for reuse. The accumulation
41  of commonly used pharmaceuticals such as antibiotics, analgesics, and antidepressants in water
42 resources highlights the importance of investigating this type of contaminant [ 1-4]. The presence of
43 these contaminants in waters, especially in drinking water, has become a major subject of world-
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44  wide growing concern, as such contaminants endanger human health safety and quality of water
45 recourses [5-8].

46 One approach to augment available water supplies is through the use of treated wastewater for
47  irrigation. However, local wastewater reuse regulations focus on conventional contaminants, such
48  as biochemical oxygen demand (BOD:s), chemical oxygen demand (COD), total suspended solids
49  (TSS), nitrogen (N), phosphorus (P), total dissolved solids (TDS), and pathogens, but neglect
50  emerging contaminants of concern (ECC) [ 9]. This necessitates the need to determine the behavior
51  and regulate the concentrations of pharmaceutical contaminants during water recycling and reuse
52  to safeguard public health and the environment as well as to reduce impediments to public
53  acceptance of such alternative water management strategies. The possible presence of ECC, such as
54  pharmaceuticals, illicit drugs, human hormones and personal care products, in reclaimed municipal
55  wastewater is a growing challenge faced by developed and developing countries. Emerging
56  contaminants raised concerns in recent years because of their potential chronic toxicity and
57  development of bacterial pathogen resistance in humans and ecosystems [10, 11]. Significant
58  concentrations of ECC have been detected in sewage effluents worldwide as many of these
59  compounds may pass through conventional treatment systems without removal [12, 13]. Treated
60  wastewater reuse is a commonly practiced water management strategy in United Arab Emirates
61  (UAE) to alleviate the country’s water shortage standing. The assessment of environmental and
62  human risk of ECC in UAE is not well-established. Low concentration of pharmaceuticals (ng/L-
63  pg/L) are considered as environmental contaminants, and their incomplete removal from
64  wastewater by the treatment system represents a trigger for environmental and health risks [14, 15].
65  Thus, there is a local uncertainty over the risk of human exposure and environmental
66  contamination from ECC in wastewater reuse as well as the efficiency of existing wastewater
67  treatment technologies for ECC removal.

68 The simultaneous determination of pharmaceuticals in wastewater is a challenging task due to
69  the variation in their physicochemical properties, their low concentrations, and the complexity of
70 the environmental matrices [16-21]. A range of commonly prescribed pharmaceuticals including
71  antibiotics, 3-Blocker, Sulfa drugs, analgesics and antipsychotic were investigated in this study and
72 their physicochemical properties are summarized in Table 1. Different analytical techniques have
73 been used to investigate the presence of pharmaceuticals in wastewater indicating levels of
74  contamination in the range of ng/L-pg/L [22, 23]. Previous studies employed solid phase extraction
75  [24] and liquid-liquid extraction [25] prior to separation of the target compounds to minimize
76  matrix interferences that might affect the detection and quantification. Some reported detection
77  methods for pharmaceuticals include U.V [26-28] and fluorescence detection [29]. However, the
78  majority of previous related studies have employed liquid chromatography coupled to tandem
79  mass spectrometry (LC-MS/MS) [30-37] and/or gas chromatography with tandem mass
80  spectrometry [38, 39] which are classified as most powerful analytical techniques in term of
81  sensitivity and selectivity compared with other commonly employed analytical techniques,
82  allowing the detection and quantification of contaminants in wastewaters at levels of ng/L.

83 Tablel. Physicochemical properties and chemical structures of the pharmaceuticals under
84 investigation.
Compound Therapeutic class Chemical structure pKa logP  Reference
R OH
Acetaminophen  Analgesic/antipyretic PIS 9.38 0.46 50
N

Sulfapyridine Antibacterial agent o/ Y \©\ 8.43 0.35 51
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Sulfadiazine Antibacterial agent 6.36 -0.09 51
Sulfamethoxazole Antibacterial agent 6.16 0.89 51
Metoprolol Beta blocker 9.4 1.88 51
Sulfamethazine Antibacterial agent 7.59 0.89 52

. . . . 0.28
Ciprofloxacin Antibacterial agent 6.09 53
Ofloxacin Antibacterial agent 5.97 -0.39 51
Risperidone Antipsychotic 8.76 3.27 54
Erythromycin Antibacterial agent 8.88 3.06 55
85 As the environmental and human health risks of ECC in UAE are not well established, the

86  proposed research aims therefore to develop a validated, highly sensitive and selective UPLC-
87  MS/MS method based on solid phase extraction (SPE) to investigate the occurrence and amounts of
88  antibiotics and other pharmaceuticals in wastewater plant in the city of Sharjah. Findings will be of
89  significance towards supporting decisions to optimize wastewater treatment and reuse strategies,
90  as well as safeguard public and environmental health.
91 Outcomes from this study will be very vital for establishing a reliable and accurate analytical
92  method for the detection and quantification of ECCs in wastewaters. The developed and optimized
93  methodology will be highly applicable to complex wastewater types encountered in the City of
94  Sharjah as the central wastewater treatment plant receives mainly domestic but also commercial
95  and industrial wastewaters. It is of utmost importance to establish such a reliable methodology that
96  can be adopted in local settings as to date, no studies were reported on the occurrence of ECCs in
97  wastewaters generated in Sharjah although the practice of wastewater reuse is highly encouraged
98  and implemented in the United Arab Emirates as an initiative towards sustainable use of resources
99  as well as alleviation of the country’s water shortage standing.

100 Development of analytical capabilities in the local settings will enable accurate measurements

101  of ECCs in the UAE environment and obtained results will provide vital information for analyzing

102 the local risks posed by such ECCs
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103 2. Materials and methods
104  2.1. Chemicals and reagents
105 High purity (>98%) sulfapyridine, sulfadiazine, sulfamethoxazole, metoprolol, sulfamethazine,

106  ciprofloxacin, ofloxacin, risperidone, erythromycin, and acetaminophen were purchased from
107  Sigma-Aldrich (Darmstadt, Germany). Methanol (LC-MS Grade), acetone (HPLC-Grade), water
108  (LC-MS grade water), formic acid (LC-MS Grade), ammonium formate 99%, and hydrochloric acid
109  37%, were purchased from Sigma-Aldrich (Darmstadt, Germany). Wastewater samples were
110  collected from the influent and effluent of Sharjah central STP.

111 2.2 Sampling site and sample collection

112 Composite samples from the influent and effluent wastewater of Sharjah STP were collected
113  into dry amber glass bottles pre-rinsed with methanol and LC-MS grade water. Wastewater
114  samples were collected every 90 minutes then composited to accommodate for variations in
115  wastewater flows and ECC concentrations at varying sampling episodes; thus, providing samples
116 with better representation. Sharjah STP employs primary (sedimentation), secondary (activated
117  sludge) and sand filters as tertiary treatment, in addition to chlorination for disinfection. All
118  collected samples were properly sealed and transferred to the lab by icebox. In the laboratory, the
119  samples were filtered under vacuum through 0.7um glass fiber filters and kept at 4 °C in the dark
120  for a maximum period of 1 week until extraction.

121 2.3. Solid phase extraction

122 Literature surveys suggest that pre-concentration and purification of target pharmaceutical
123  compounds from complex environmental matrices are usually achieved using off line SPE. Wide
124 range of sorbents are commercially available and may be selected based on the degree of polarity of
125  the analytes. The following solid phase extraction cartridges: Oasis HLB (6 mL, 200 mg) and, Oasis
126 MAX (6 mL, 150 mg) were obtained from Waters (Milford, MA, USA) and Supelclean ENVI-Cis (6
127 mL, 500 mg) was purchased from Sigma-Aldrich (Germany). Glass microfiber filters (0.7 um pore
128  size, 47 mm diameter) were obtained from LLG Labware (Meckenheim, Germany) and nylon
129  membrane filters (0.45 um pore size, 47 mm diameter) were from Whatman (Mainstone, UK).

130 In order to optimize an efficient extraction method of the selected compounds, influent and
131  effluent wastewater samples collected from Sharjah STP as well as analyte-free LC-MS grade water
132 were used. The collected wastewater samples were filtered under vacuum using 0.45 pm
133  membrane filters (Whatman, Mainstone, UK) while 0.7 um membrane filters were used for LC-MS
134  grade water. Filtrates were acidified using 1 M HCl to pH 3 as this pH level exhibited higher
135  recoveries based on a pH optimization experimentation performed on wastewater samples at pH 3
136 and 7, spiked with 100 ng/L solution of the standard pharmaceuticals.

137 The performance efficiency of three different cartridges were tested, namely, Oasis HLB (6 mL,
138 200 mg), a hydrophilic-lipophilic-balanced reversed phase sorbent; Oasis MAX (6 mL, 150 mg), a
139  polymeric reversed phase sorbent with anion-exchange groups; and Supelclean ENVI-Cis (6 mL,
140 500 mg), a polymeric reversed phase Cis endcapped, and the recovery results were assessed and
141  compared.

142 The SPE cartridges were pre-conditioned using 3 mL acetone, 3 mL mixed methanol and LC-
143  MS grade (adjusted to pH 3 using 1 M HCI) at flow rate of 3 mL/min. The filtered samples were
144  then passed through the cartridge at 15 mL/min using a vacuum manifold system (Waters)
145  connected to a vacuum pump. SPE cartridges were then washed twice with a solution (5 mL) of LC-
146 MS grade water: methanol (ratio 95: 5) at flow rate of 2 mL/min. and dried under vacuum for 30
147  min. The elution was then performed with 3 mL methanol three times followed by 3 mL methanol
148  with 0.3% formic acid. The final extracts were mixed and dried using Genevac system (EZ-2 Plus),
149  and then reconstituted in 1 mL of LC-MS grade water: ACN (90:10) prior to LC-MS/MS analysis.

4
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150  2.4. Liquid chromatography and mass spectrometry conditions

151 The compounds of interest were analyzed using Waters Acquity® UPLC H-Class-Xevo TQD
152 (Triple Quadrupole Mass Spectrometer) system (MA, USA) equipped with electrospray ionization
153  (ESI). Chromatographic separation of the target compounds was achieved on Acquity® BEH Cis
154  column (1.7 um, 2.1 mm x150 mm) using gradient elution as following: Solvent A was methanol
155  while Solvent B was 0.2% formic acid in 5 mM ammonium formate. The gradient was started with
156  100% B (¥/v) followed by a 15 min to 50% B; another 0.5 min gradient to 30% B; followed by a 4.5
157  min gradient to 0% B; during 1 min, steep linear gradient to 100% B; and the column was
158  equilibrated by 100% B for 2 min prior to the next analysis. The flow rate was 0.2 mL/min and the
159  injection volume was 10 pL while the column was conditioned at 35 °C and the auto sampler
160  performed at 4 °C.

161 The mass spectrometric analysis was performed in multiple reaction monitoring (MRM) with
162  positive and negative ionization modes. The MS parameters were as follows: Dwell time was 0.02 s
163  and nitrogen was used as a desolvation gas at a flow rate of 600 L/h. The ionization source
164  conditions were as follows: desolvation temperature 350 °C; source temperature 150 °C; collision
165  gas (argon) flow 0.1 mL/min; and capillary voltage 3.0 kV. Compound dependent parameters like
166 ~ parent ion, fragment ion, cone voltage and collision energy were set as shown in Table 2. The
167  parameters of mass analyzer were set as follows: LM1 and HM1 resolution 15 and 15 respectively;
168  ionenergy 1; LM2 and HM2 resolution 15 and 15 respectively, and ion energy 2.

169 The UPLC-MS/MS system control was performed by Lynx software (Version 4.1, SCN 882) and
170  data was processed and analyzed using TargetLynx™ program.

171 Table 2. MRM and MS parameters for all analyzed compounds.
P P i R i
Pharmaceuticals Classification . TeCHrsor roducts ions . etentlt.)n CE (V) CV (V)
ion (m/z) (m/z) time (min)
110 22
Acetaminophen Analgesic 152 6.47 42
65 26
1 . . 156 16
Sulfapyridine Antibacterial 250 108 8.13 o5 27
i . . 92 27
Sulfadiazine Antibacterial 251 156 6.9 15 23
. . 92 26
Sulfamethoxazole Antibacterial 254 11.31 27
156 16
116 18
Metoprolol B-blockers 268.2 133 13.06 o4 30
Sulfamethazine Antibacterial 279.1 19826 9.98 ;Z 30
. . . . 314.1 22
Ciprofloxacin Antibacterial 332.1 288.1 11.33 18 30
. . . 318.1 26
Ofloxacin Antibacterial 362.1 2611 10.66 20 30
N . 191 30
Risperidone Anti-depressant 411.2 110 14.98 50 40
. I 158.1 32
Erythromycin Antibiotic 734.4 576.3 17.39 40 25

172 2.5. Method validation

173 The optimized SPE LC-MS/MS method was validated for its selectivity, linearity, limit of
174  detection (LOD), limit of quantification (LOQ), intra-and inter day precision, matrix effect, recovery
175  and short time stability following the guidelines of the European Medicines Agency for
176 bioanalytical method validation [40].
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177 The recoveries of the target pharmaceuticals were estimated using LC-MS grade water spiked
178  with two different concentrations equivalent to 15 and 750 ng/L of the target analytes; the ratios of
179 the concentrations before and after extraction were calculated.

180 Since wastewater already includes the target compounds, the linearity of the proposed method
181  was evaluated using LC-MS grade water spiked with five different concentration levels. Before
182  injecting the standard solutions, the system was equilibrated for at least 20 min with the mobile
183  phase. Five injections were carried out for each concentration level. The calibration curves were
184  constructed using least square linear regression analysis method. The precision of the method was
185  evaluated as inter and intra-day for five replicates (n= 5) on spiked LC-MS grade water at
186  concentration levels equivalent to 15 and 750 ng/L of the target analytes. The relative standard
187  deviation values (RSD %) were calculated to express the precision of the proposed method. Method
188  LOD and LOQ were determined using the calibration curve of each target compound. The
189  selectivity was determined by measuring two MRM transitions per analyte and calculating the
190  specific ratio of the two product ions.

191  2.6. Analysis of wastewater

192 In order to investigate the presence of pharmaceuticals in urban wastewater received and
193  treated at Sharjah STP, influent and effluent wastewater samples from the treatment plant under
194  study were analyzed using the proposed SPE LC-MS/MS method.

195 3. Results and discussion:

196  3.1. Solid phase extraction

197 All parameters; mainly the type of SPE cartridges and the pH of sample used to elute the
198  pharmaceuticals under investigation were optimized to find the best extraction efficiencies for the
199  target pharmaceuticals. Three different alternatives of SPE cartridges were tested including two
200 polymeric sorbents (Oasis HLB and ENVI-Cig) and a polymeric reversed phase sorbent with anion-
201 exchange groups (Oasis MAX); the extraction efficiency results of the Oasis MAX were better than ENVI-
202 C18 in all cases, however, the recovery results of the Oasis HLB were much better for the selected
203 pharmaceuticals (Figure 1A & B). This hydrophilic—lipophilic-balanced reversed phase sorbent is suitable for
204  the extraction of acidic, basic and neutral compounds and it works well at a pH range of 1-14. However,
205  to find the optimal pH for sample analysis, a pH optimization study was performed to find out the
206  recoveries at different pH values (pH 3 and 7). The extraction procedure described previously was
207  applied to the wastewater samples at pH 3 and 7, spiked with the stock solution of the standard
208  pharmaceuticals at 100 ng/L. The samples were then analyzed using LC-ESI-MS/MS, and the
209  recoveries of analytes were calculated (Table 3). The obtained results showed that the optimum
210  solid phase extraction for all the analytes of interest were found to be at pH 3 using Oasis HLB
211  cartridges (Figure 1C). This may be explained by the fact that the basic analytes under investigation
212 are completely ionized at pH 3 except acetaminophen, and this will avoid the coexistence of the
213  ionized and unionized species at pH 7 which might affect their recoveries. The recovery results for
214 all the compounds were higher than 84.7% as summarized in Table 3.

215 Table 3. Recoveries of the selected pharmaceuticals using Oasis HLB, ENVI-Cis and Oasis MAX at
216 two pH values (concentration 15 ng/L, n=3).
Compound % recovery at pH 3 (RSD %) % recovery at pH 7 (RSD %)
Oasis HLB ENVI-Cis Oasis MAX Oasis HLB ENVI-Cis Oasis MAX
Acetaminophen 97.2(5.7) 62.4(3.4) 80.4(1.3) 82.1(22) 61.4 (4.4) 78.1(3.9)
Sulfapyridine 87.3(6.2) 58.5(2.3) 64.8 (5.6) 783 (3.2) 51.1(6.1) 57.3(2.7)
Sulfamethazine 92.7 (7.3) 60.1(1.2) 67.7 (32) 84.6 (4.1) 53.9 (4.5) 61.4(3.3)
Sulfadiazine 90.8 (3.5) 57.2(3.3) 63.4(4.2) 82.2(5.3) 51.8 (5.3) 57.3 (3.6)
Sulfamethoxazole 88.4(5.4) 54.6 (4.3) 78.1(4.1) 78.7 (3.4) 58.7 (2.1) 72.1 (4.5)

6
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Ciprofloxacin 86.9 (4.2) 61.7(5.1) 81.2 (4.5 80.8 (4.3) 77.4 (1.8) 74.7 (3.6)
Ofloxacin 91.5(74) 55.5(1.6) 76.4 (4.3) 84.4 (4.2 64.5(2.6) 72.9(2.1)
Erythromycin 93.3 (4.6) 52.3(3.2) 732 (4.2) 85.3(2.4) 50.3(3.7) 68.3(3.3)
Metoprolol 86.1(1.8) 53.2(2.4) 69.8 (2.4) 73.6 (2.2) 68.2(2.8) 65.4 (4.7)
Risperidone 84.7 (5.6) 58.3 (4.3) 72.2(3.2) 73.1(3.5) 52.1(3.8) 63.5 (4.8)
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218 Figure 1. Graph bars showing the effect of pH on the % recoveries of the selected pharmaceuticals at
219 A) pH 3 using Oasis HLB, ENVI-C18 and Oasis MAX cartridges. B) pH 7 using Oasis HLB, ENVI-
220 C18 and Oasis MAX cartridges C) comparison of the recoveries at pH 3 and 7 using HLB oasis
221 cartridge using Oasis HLB, ENVI-C18 and Oasis MAX at two pH values (n= 3).
222
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223 3.2. Optimization of liquid chromatography and mass spectrometry conditions

224 To optimize the chromatographic separation of the target compounds, several
225  chromatographic conditions were tried including variation of stationary as well as mobile phases.
226  Mixtures of organic solvents such as acetonitrile and methanol along with acidified water (with
227  formic acid) were tried. Different concentrations (0.05-0.2 %) of formic acid were used to promote
228  protonation of the compounds and generate better peak symmetry. However, none of the obtained
229  chromatograms satisfied the criteria of good separation in term of peaks symmetry and resolution
230  using isocratic elution. The best condition for the separation of compounds of interest was achieved
231 by gradient elution, using methanol (mobile phase A) and 5 mM ammonium formate buffer with %
232 0.2 formic acid (mobile phase B).

233 Figure 2 shows the separation of the selected pharmaceuticals using the optimized
234  chromatographic conditions, providing symmetrical peaks and adequate resolution allowing
235  quantitative measurements.

100

(h)
%
(a)(b) (g)
(e) :
(f) (i)
() (d)
0 w TiMe
236 5.00 10.00 15.00 20.00
237 Figure 2. Chromatogram showing the separation of the selected pharmaceuticals using the
238 optimized chromatographic conditions. a. Acetaminophen, b. Sulfadiazine, c. Sulfapyridine, d.
239 Sulfamethazine, e. Ofloxacin, f. (Sulfamethoxazole and ciprofloxacin), g. Metoprolol, h. Resperidone,
240 and i. Erythromycin.
241 The selected compounds were detected by tandem mass spectrometry MRM. Two precursor

242 ions were selected to produce ion transition for each pharmaceutical using positive electrospray
243  ionization mode (+ESI). MS parameters and data acquisition software system specifications were
244  detailed previously and summarized in Table 2. The MRM LC-MS/MS chromatograms resulting
245  from analysis of pharmaceuticals of interest by positive ionization mode in wastewater samples are
246  depicted in Figure 3.
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o 5.00 10.00 15.00 20.00 lime o 5.00 10.00 15.00 2000  Time
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%
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%
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13.01 19: MRM of 4 Channels ES+ 9.93 21: MRM of 2 Channels ES+
100 268.2 > 116 (Metoprolol) 100 i 279.1 > 186 (Sulfamethazine)
1.00e7 3.97e6
% %
9 5.00 1000 15.00 2000 'me ° 5.00 10.00 15.00 2000 T
8.13 15: MRM of 2 Channels ES+
10.61 31: MRM of 2 Channels ES+ 100 g 250 > 156 (Sulfapyridine)
100, T 362.1> 318.1 (Ofloxacin) 3.44e6
7.44e6
% %
247 9 5.00 10.00 500 2000 Time 8 5.00 10.00 15.00 20,00 Time
248 Figure 3. MRM LC-MS/MS chromatograms of the target compounds analyzed by positive ionization
249 mode.
250  3.3. Linearity and recovery.
251 The linearity of the proposed method was investigated using LC-MS grade water spiked with

252  five different concentrations of the target compounds by plotting the peak areas of the target
253  pharmaceuticals against their relative concentrations using the linear least square regression
254  method. Attained correlation coefficients were all greater than 0.992.

255 Recovery (RE) was calculated by comparing the signal intensities of a pre and post SPE spiked
256  samples. The matrix effect (ME) was calculated by comparing the signal intensity of the post SPE
257  spiked samples with a convenient probe prepared in a mixture of solvent A (LC-MS grade water)
258  and solvent B (Methanol) (90/10 v/v). This was done for LC-MS grade water on spiking levels of 15
259  and 750 ng/L. Table 4 summarizes the linearity ranges, LOQs, LODs and recovery percentages. The
260  generated calibration curves suggest that the linearity, LOQs, LODs and recoveries of the proposed
261  LC-MS/MS method satisfy the acceptance criteria of analytical methods for all pharmaceuticals
262  under investigation [40].
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263 Table 4. Linearity ranges, LOQs, LODs and % recoveries of the selected compounds.
Linearity range . .. LOD LOQ  Recovery = RSD% (n=5)
Anal 1 ff 2
nalyte (ng/L) Correlation coefficient (1?) (ng/l) (ng/L) 15 ng/l 750 ng/l
Acetaminophen 5-2500 0.9976 0.1 0.3 97.2+5.7 94.4+2.4
Sulfapyridine 5-1000 0.9968 0.4 1.2 87.3+6.2 92.1+3.2
Sulfamethazine 5-1000 0.9975 0.9 29 92.7+73 89.9+4.5
Sulfadiazine 5-1000 0.9943 1.3 3.7 90.8+3.5 87.5+3.1
Sulfamethoxazole 5-1000 0.9923 1.4 2.1 88.4+5.4 85.2+3.5
Ciprofloxacin 5-1000 0.9993 1.5 4 86.9+4.2 88.6+2.8
Ofloxacin 5-1000 0.9996 1.1 3.6 91.5+74 86.3+4.7
Erythromycin 5-1000 0.9989 1.5 5.0 93.3+4.6 91.1x2.7
Metoprolol 5-1000 0.9969 1.0 32 86.1+1.8 88.4+3.3
Risperidone 5-2500 0.9984 1.2 3.6 84.7+5.6 86.2+2.6
264  3.4. Precision
265 The precision of the method was determined by the repeated intra-day (n = 5) and inter-day

266  (n=15) analysis of spiked LC-MS grade water at concentrations levels of 15 and 750 ng/L. The
267  precision of the method was expressed as the relative standard deviation (RSD%) of replicate
268  measurements and calculated intra- and inter-day precision data are summarized in Table 5.

269 To ensure that the analytes are stable during the analysis period, a volume of LC-MS grade
270  water was spiked to achieve analyte concentrations of 15 and 750 ng/L, stored overnight at4 °Cin a
271  glass bottle, and analyzed after 7 days. Furthermore, the stability of the sample in the extracted
272 solvent was tested for additional 5 days in an auto sampler at 4 °C, to ensure that the analytes
273 remain stable during the analysis.

274 Table 5. The intra- and inter-day precision of the optimized method.
Intra-day RSD % (n=5) Intra-day RSD % (n=15)
Analyte
15 ng/L 750 ng/L 15 ng/L 750 ng/L
Acetaminophen 4.2 4.4 6.1 6.7
Sulfapyridine 3.2 4.3 4.7 5.3
Sulfamethazine 4.3 2.6 8.6 6.4
Sulfadiazine 2.2 4.2 6.8 4.7
Sulfamethoxazole 3.8 3.5 7.5 4.2
Ciprofloxacin 5.1 3.7 7.7 5.4
Ofloxacin 3.6 2.2 6.2 2.6
Erythromycin 2.4 42 3.2 49
Metoprolol 3.9 2.4 5.3 3.2
Risperidone 4.5 3.9 5.5 4.6

275  3.5. Determination of target pharmaceuticals in wastewater samples

276 Composite influent and effluent wastewater samples, collected from Sharjah STP were
277  analyzed to assess the occurrence of pharmaceuticals and their concentrations. Each sample was
278  analyzed five times utilizing the optimized SPE-LC-MS/MS method. A total of ten pharmaceuticals
279  of different drug classes were detected and quantified at significant concentrations. Concentrations
280  of the selected pharmaceuticals were calculated using the linear regression equations of the relative
281  calibration curves. Table 6 summarizes the concentrations of target analytes in influent and effluent
282  wastewater samples as well as the achieved percent removals of pharmaceuticals in the STP under
283  study.

284 Generally, removal of organic pollutants at STPs is a complex process with many plausible
285  mechanisms. Pharmaceuticals concentration in the environment are governed by biotic and abiotic
286  (sorption, photo-degradation and hydrolysis) factors and their removal patterns and mechanisms in
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287  STPs may be affected either by the specific treatment process employed or by their individual
288  physicochemical properties such as water solubility, volatilization tendency, adsorption kinetics,
289  and degradation potential [41]. In the conventional activated sludge process, Pharmaceuticals and
290  personal care products (PPCP) removals are mainly attributed to two mechanisms, namely sorption
291  onto the particulate phase and biodegradation. During wastewater treatment, PPCPs and their
292  metabolites can partition between the solid/particulate phase and the aqueous phase depending on
293  their hydrophobicity. Generally, hydrophilic and water-soluble PPCPs show less tendency to sorb
294  onto the solid/particulate phase and are not likely to be detected in sludge. On the other hand,
295  PPCPs with low hydrophobicity, expressed as the octanol-water partition coefficient (Kow), are
296  likely to be present in treated effluents of STP if they are resistant to microbial degradation. Several
297  studies have exhibited that in general compounds with log Kow <3.0 are not expected to be adsorbed
298  significantly to the particles thus displaying low removal efficiencies in STPs [42]. On the other
299  hand, compounds with relatively higher log Kow values are expected to exhibit higher removal
300 efficiencies [41, 43-44].

301 For the STP under study, pharmaceutical removals ranged from 31 - 96 percent.
302  Acetaminophen level was measured at the highest concentration of 145,250 and 5,235 ng/L in the
303  influent and effluent samples, respectively, which may be attributed to the frequent prescription of
304  acetaminophen for its antipyretic and analgesic activity. However, a high elimination percentage
305  (96%) of this pharmaceutical was achieved in the treatment system similar to previously published
306  studies [45-48]. Although Acetaminophen exhibits a low log Kow value (0.46), yet it was shown to be
307  quickly photodegraded in STP effluents [49].

308 A total of seven antibiotics including four sulfa-drugs, two fluoroquinolones and one
309  macrolide were detected in the influent and effluent samples. ~Among the antibiotics,
310  fluoroquinolone (ciprofloxacin) exhibited the highest concentration with a treatment efficiency of
311  37%. For sulfa-drugs, the concentration of sulfadiazine was the highest with a partial elimination
312 rate of 40%. The antipsychotic drug, risperidone was detected at concentration of 13 ng/L in the
313  effluent samples, with a significant elimination rate of 95%, potentially attributed to its log Kow
314  value of 3.27. Finally, the macrolide antibiotic, erythromycin, and the (3-blocker metoprolol were
315  detected at concentrations equivalent to 541 and 62 ng/L in the effluent, respectively, showing the
316  lowest elimination rates (<32%) of the treatment system.

317 Table 6. Concentrations of target contaminants in influent and effluent wastewaters of Sharjah STP
318 and their removal efficiencies.

Mean concentration (ng/l) (n=5)

Analyte Influent Effluent Removal
Acetaminophen 145250 5235 96
Sulfapyridine 252 99.9 60
Sulfamethazine 24.0 11.0 53
Sulfadiazine 720 433 40
Sulfamethoxazole 161 75.0 54
Ciprofloxacin 863 543 37
Ofloxacin 846 511 40
Erythromycin 785 541 31
Metoprolol 92 62.0 32
Risperidone 245 13.0 95
319 4. Conclusions
320 In this study, a highly sensitive and selective SPE UPLC- MS/MS analytical method was

321  developed and validated for the simultaneous determination of the commonly prescribed
322  pharmaceuticals in urban wastewater. The optimized method allowed the simultaneous extraction
323  of 10 pharmaceuticals with different physicochemical properties in one single step using
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324  hydrophilic-lipophilic-balanced reversed phase sorbent (Oasis HLB), and the subsequent
325  separation on an Aquity BEH Cis column using gradient elution in multiple reactions monitoring
326  (MRM) mode. The developed method was successfully applied to investigate the occurrence and
327  quantify the amounts of antibiotics and other pharmaceuticals in various wastewater streams of
328  Sharjah STP with a LOD varying between 0.1-4.5 ng/L and LOQ ranging between 0.3 and 12 ng/L.
329 The development of such a method would be highly helpful in the assessment and continuous
330  monitoring of such emerging contaminants of concern in the City of Sharjah wastewaters with a
331  high degree of accuracy. Findings will be of significance towards supporting decisions to optimize
332  wastewater treatment and reuse strategies as well as safeguard public and ecological health.
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