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Abstract. The presence of pharmaceuticals classified as emerging contaminants (EC) in surface water,
groundwater, and drinking water generates uncertainty concerning the interactions that could be occurred with
aquatic organisms and living beings. Thus, the monitoring of hospital wastewater is of great importance to
identify the main classes of pharmaceuticals that could be discharged to the municipal sewage system and
wastewater treatment plants (WWTPs). This work described the implementation and validation of a highly
selective and sensitive analytical method using solid-phase extraction (SPE) and liquid chromatography-tandem
mass spectrometry (LC-MS/MS) for the detection and quantification of these emerging compounds. The solidphase extraction (SPE) method was employed using Oasis HLB cartridges. For LC-MS/MS analysis, the
chromatographic separation was conducted in a C-18 Kinetex column (Phenomenex), and detection was
achieved in an AB SCIEX QTrap 3200 tandem mass spectrometer (MS/MS) in the multiple reaction monitoring
(MRM) mode. The quantitative analysis was performed by using the internal standard (IS) method with
isotopically labeled analogs. The implemented method presented good linearity within the concentration range
of 0.1–400 µg L-1 showing correlation coefficients (R2) ranged from 0.991 to 0.999. The limits of detection
(LODs) were from 0.02 to 0.59 µg L-1, while the limits of quantification (LOQs) ranged from 0.07 to 1.80 µg
L-1. The analytical method was successfully applied to the analysis of wastewater samples discharged by a
public hospital in San Nicolas de los Garza, Nuevo Leon, Mexico, in two sampling periods: May 2017 and
March 2018.
Keywords: Emerging contaminants; pharmaceuticals; hospital effluent; solid phase extraction; LC-MS/MS.
Resumen. La presencia de fármacos, clasificados como contaminantes emergentes, en agua superficial,
subterránea y potable, genera incertidumbre sobre las interacciones que podrían ocurrir con organismos
acuáticos y los seres vivos. Por lo tanto, el monitoreo del agua residual hospitalaria es de gran importancia para
identificar los principales productos farmacéuticos que podrían descargarse al sistema de alcantarillado
municipal y por lo tanto, estar presentes en el agua a tratar en las plantas de tratamiento de agua residual
(PTAR). Este trabajo describe la implementación y validación de un método analítico altamente selectivo y
sensible utilizando extracción en fase sólida (SPE) y cromatografía líquida acoplada a espectrometría de masas
tándem (LC-MS/MS) para la detección y cuantificación de estos compuestos emergentes. Se empleó el método
de extracción en fase sólida utilizando cartuchos Oasis HLB. Para el análisis LC-MS/MS, la separación
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cromatográfica se realizó en una columna Kinetex C-18 (Phenomenex), y la detección se realizó en un
espectrómetro de masas en tándem AB SCIEX QTrap 3200 (MS/MS) en el modo de monitoreo de reacciones
múltiples (MRM). El análisis cuantitativo se llevó a cabo utilizando el método de estándar interno (IS) con
análogos marcados isotópicamente. El método presentó una buena linealidad dentro del rango de concentración
de 0.1 a 400 µg L-1, con coeficientes de correlación (R2) que oscilaron entre 0.991 y 0.999. Los límites de
detección (LOD) fueron de 0.02 a 0.59 µg L -1, mientras que los límites de cuantificación (LOQ) variaron de
0.07 a 1.80 µg L-1. El método analítico se aplicó con éxito al análisis de muestras de agua residual vertidas por
un hospital público de San Nicolás de los Garza, Nuevo León, México, en dos períodos de muestreo: mayo de
2017 y marzo de 2018.
Palabras clave: Contaminantes emergentes; fármacos; efluentes hospitalarios; extracción en fase sólida; LCMS/MS.

Introduction
The conservation of water resources is one of the main challenges in the world as a consequence of the
use of water in all human activities, and due to their growing pollution, originated by the direct discharge of
wastewater effluents in water bodies [1]. The recent monitoring of different water bodies and wastewater
effluents has allowed the identification of organic contaminants in concentrations ranged from ng L -1–g L-1,
these compounds are known as emerging contaminants (EC). EC are substances that are not commonly
monitored in the environment but have the potential to enter the environment and cause known or suspected
adverse ecological and/or human health effects [2]. The introduction of the EC in water bodies generates
concern respect to the toxicological effects in the aquatic organisms, due to the unlimited number of
contaminants present in the discharges of wastewater effluents [3,4]. Some reports regarding the identification
of EC in water bodies [5,6] and wastewater effluents [7,8] indicate that the EC with major occurrence are
pharmaceuticals, drugs of abuse, pesticides, personal care products, flame retardants, industrial additives, and
artificial sweeteners. Specifically, pharmaceuticals compounds were the first EC identified in the water surface,
groundwater, and wastewater [9-11]; their introduction in the aquatic environment is mainly attributed to urban
wastewater and wastewater treatment plants (WWTPs) effluents [12,13].
The variability in the number and concentrations of pharmaceuticals identified in the WWTPs effluents
is a consequence of the mixture of different wastewater discharges, precisely, as domestic, industrial, and
hospital effluents. Mainly, the water consumption in a hospital varies between 400-1200 L bed-1 day-1,
generating a higher volume of wastewater with different therapeutic groups of drugs [14]. High concentrations
of antibiotics, -blockers, anti-inflammatory, and psychiatric drugs have been detected during determination of
pharmaceuticals in hospital wastewater. In the last decade, the pharmaceuticals monitoring in hospital
wastewater of various regions around the world (China, Switzerland, Portugal, Taiwan, USA, Spain, and Japan)
confirms the presence of five main therapeutic groups of pharmaceuticals: antibiotics, anti-inflammatories,
analgesics, antiepileptics and -blockers [15-22].
In Mexico, the monitoring of pharmaceuticals in hospital wastewater is scarcely described. Few studies
have been reported regarding pharmaceutical's determination in the wastewater of some hospitals in the central
zone of the country [23-25]. The pharmaceuticals detected in these studies belong to anti-inflammatory,
antidiabetic, -blockers, and -lactamic therapeutic groups. Therefore, in this work, a multi-class method was
based on solid-phase extraction (SPE) followed by liquid chromatography-tandem mass spectrometry (LCMS/MS). The analytical method was applied to determine pharmaceuticals in wastewater discharge of a public
hospital in San Nicolas de los Garza, Nuevo Leon, Mexico, in two different sampling periods: May 2017 and
March 2018. The methodology was validated according to the guidelines established by the EPA, Method 1694:
Pharmaceuticals and Personal Care Products in Water, Soil, Sediment and Biosolids by HPLC-MS/MS [26,27]
which allows the detection and quantification of pharmaceuticals through a process of sample pre-treatment
using SPE and determination by LC-MS/MS.
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Experimental
Chemicals and reagents
The standard solutions were prepared using analytical reagents grade of high purity (>90%).
Sulfamethoxazole, metformin, enalapril, metoclopramide, naproxen, caffeine, isoniazid, ampicillin, and
loratadine were purchased from Sigma Aldrich. Omeprazole, ketoprofen, ibuprofen, acetaminophen, losartan,
atenolol, and oxcarbazepine were purchased from USP Reference Standards. The stable isotope-labeled
compounds carbamazepine-d2, levocetirizine-d4, acetaminophen-d4, and sulfamethoxazole-d4 (Toronto
Research Chemical) were used as the internal standards. Individual standard solutions of all compounds were
prepared in water at the concentration of 100 mg L-1. The working standard solutions were prepared at 1000 µg
L-1 by mixing the appropriate amounts of the individual standard solutions and by diluting them with
water/methanol (50:50, v/v). All solutions were preserved at 4 °C. All solvents were of LC-MS grade (>99%),
manufactured by Sigma Aldrich, and the other reagents were of analytical grade. HPLC water was obtained by
TEDIA (high purity solvents). The SPE extraction cartridges were Oasis HLB (N-vinylpyrrolidonedivinylbenzene phase balance) from Waters Corporation Milford, USA.

Sampling and wastewater characterization
The hospital is located in the urban area of San Nicolas de los Garza, Nuevo Leon, Mexico. It is a
public hospital of the second level belonging to the Health Services of Nuevo Leon. It has 343 beds divided
into nine departments. The wastewater samples were collected following the sampling described by Mexican
guidelines (NMX-AA-003-1980) [28]. The samples were collected from the discharge effluent every hour (1 L
h-1) for eight hours and stored in amber flasks at 4 °C for its transfer to the laboratory. The samples collected
were mixed to obtain a composite sample. Once in the laboratory, the composite sample was filtered through a
stainless steel micro-mesh to remove solids with large size, then it was filtered through 3 m filter paper and
filtered again, this time through a 0.45 m nylon filter; the sample was stored at -20 oC.
The main physicochemical parameters were determined in the two composite samples. Biochemical
oxygen demand (BOD) and chemical oxygen demand (COD) according the NMX-AA-028-SCFI-2001 and
NMX-AA0-030-SCFI-2001 respectively. The inorganic ions (Cl-, SO42-, NO3-, PO43- ) were determined by ionexchange chromatography (Dionex ICS-110 system Thermo Fisher, USA). The chromatographic conditions for
the inorganic ions analysis are described in Table 1 [29].
Table 1. Chromatographic conditions for the determination of inorganic ions in the collected samples
Parameters
Anions
Cations
Column
Dionex Ion Pac AS23 (4x250 mm)
Dionex Ion Pac CS12A (4x250 mm)
Flow (mL min-1)
1 mL min-1
1 mL min-1
Dionex Anion Self-Regenerating
Dionex Cation Self-Regenerating
Suppressor
Suppressor (Dionex ASRS 300 4 mm)
Suppressor (Dionex CSRS 300 4 mm)
Temperature
30 oC
Room temperature
Detector
Conductivity
Conductivity
Power applied
25 mA
59 mA
Injection volume

20 L

25 L

Analysis time
Mobile phase

25 min
4.5 mM Na2CO3/0.8 mM NaHCO3

12 min
20 mM methanesulfonic acid

The conductivity and pH were determined by a portable meter Thermo Scientific Orion Star A329.
The total organic carbon (TOC) and inorganic carbon (IC) were measured in a total organic carbon analyzer
SHIMADZU VCSH. The main characteristics of the collected samples are shown in Table 2.
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Table 2. Results of wastewater samples characterization
Parameter
May (2017)
*COD (mg L-1)
437.2
**BOD (mg L-1)
192.6
TOC (mg L-1)
147.2
IC (mg L-1)
169.5
pH
8.1
Conductivity (mS cm-1 25 oC)
1245.2
*** NH4+ (mg L-1)
742.3
*** Cl-(mg L-1)
239.5
*** NO3- (mg L-1)
10.8
*** PO43- (mg L-1)
50.8
*** SO42-(mg L-1)
279.2

March (2018)
392.5
219.2
151.4
66.6
8.3
1375.4
430.4
183.7
5.2
39.3
263.2

COD= chemical oxygen demand *(NMX-AA-030-SCFI-2001)
BOD=biochemical oxygen demand **(NMX-AA-028-SCFI-2001)
TOC=Total organic carbon
***Ion-Exchange Chromatography

Solid-phase extraction (SPE) procedure
For the drugs quantification, the SPE was carried out using the HLB cartridges (500 mg/ 6 cc) and the
procedure was conducted according to the guidelines established by the EPA [26,27]. The HLB cartidges are
the most widely used sorbents in SPE process [15-22]. The HLB polymer contains nonpolar (benzene and
aliphatic chains) as well as polar (pyrrolidone) groups. Therefore, this sorbent has good ability for the
interaction with both, polar and nonpolar organic molecules [30]. Initially, the Oasis HLB stationary phase was
pre-conditioned by passing 4 mL of methanol and 6 mL of pure water; then, 200 mL of water sample (adjusted
to pH 8 with ammonium hydroxide) was passed through the cartridge at a flow rate of 1 mL min-1. The stationary
phase was dried under vacuum for 3 min, and the analytes were eluted using 5 mL of methanol at 1 mL min -1.
The sample was injected into the chromatograph. The analysis was performed in triplicate. Sample recovery
tests were done spiking the samples with sixteen pharmaceuticals and four isotopically labeled drugs at 200 g
L-1 level for each compound. The spiked samples were analyzed (n=3) by the proposed methodology.

LC-MS/MS conditions
The chromatographic analysis was carried out by liquid chromatography-tandem mass spectrometry
(LC-MS/MS) system operated in positive and negative ionization modes. Data acquisition was performed using
Analyst software version 1.6. The chromatographic separation was performed in a Separations Module UFLC
Shimadzu, an automatic injector, and a thermostatted column compartment (40 oC) and C-18 Kinetex (50 × 4.6
mm, i.d. 2.6 m) column (Phenomenex). The mobile phase eluents were; (A) 5 mM ammonium acetate and (B)
acetonitrile. During the chromatographic separation, the target compounds were subdivided into four groups
(depending on mass spectrometry parameters). Depending on each group, the gradient elution program and
analysis time were modified. The injection volume (20 µL) and flow rate (0.8 to 1.0 mL min-1) were similar for
all the groups. The chromatography instrument was coupled to a mass spectrometer AB SCIEX QTRAP 3200
System triple quadrupole equipped with an electrospray ionization (ESI) source (Turbo IonSpray) and with
continuous electron multiplier detector working in positive or negative ionization mode.
The triple quadrupole system allows the application of different operation MS/MS modes: product-ion
scan, precursor-ion scan, neutral-loss scan and multiple reaction monitoring (MRM), which is the most
predominant. Particularly, the MRM mode provides several advantages for quantification of organic pollutants,
such as increased selectivity, reduced interferences, higher sensitivity and short analysis time [31]. Therefore,
the pharmaceutical quantification was conducted in MRM mode using the protonated molecular ion as the
precursor. The most abundant transition production was used for quantification (calibration curves), and the
second transition was used for confirmation. Initially, the precursor ion (m/z) of the drugs was optimized in Q1
by direct infusion of individual dissolutions at 1000 g L-1 for each compound in water/methanol (50:50, v/v).
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The parameters of the mass analyzer: spray voltage, temperature, curtain gas, source gas, entrance potential,
collision cell exit potential, and collision energy were also optimized by direct infusion mode. In Q2, two
transition fragments were selected and optimized for each analyte; the operation mode was product ion. After
the optimization of the collision energy in Q2, two different transitions (precursor ion-product ion) were
selected for each compound, one for quantification (transition 1) and one for confirmation (transition 2), and
those ions were monitored in time-scheduled MRM conditions.

Method validation
The analytical method was validated through various parameters such as linearity, the limits of
detection (LODs), the limits of quantification (LOQs), extraction recovery, and signal suppression. For LCMS/MS quantification, the internal standard (IS) method was used to compensate for the matrix effect during
the determination of pharmaceuticals in wastewater. The correction of the matrix effects was carried out with
isotopically labeled compounds, one for each group of drugs (levocetirizine-d4 group 1, carbamazepine-d2
group 2, sulfamethoxazole-d4 group 3, and acetaminophen-d4 group 4). The selection criterion was based
depending on the similitude in the mass spectrometer parameters and chemical structure for each group of drugs
and the labeled compound.
For the IS calibration, standard solutions of each compound were prepared in pure water; the
corresponding IS was spiked at 200 g L-1 in all the concentration levels of the calibration standards for each
compound. The ratio of the compound area / IS area at each concentration level was considered to generate the
calibration curves. Linearity was evaluated according to the correlation coefficient (R2) for linear regression by
injecting the standard solutions of each analyte in triplicate at five concentration levels. The concentration range
was from 0.1 to 400 g L-1. The LODs and LOQs were estimated by the injection of standard solutions at the
lowest concentration level corresponding to a signal-to-noise ratio > 3 for LOD and > 10 for LOQ, respectively
[17,27]. The precision was expressed as repeatability in terms of relative standard deviation (RSD). Recovery
percentages in hospital wastewater samples spiked with target compounds at a concentration level of 200 g L1
each compound was used to evaluate the accuracy of the method. The samples were analyzed in triplicate by
LC-MS/MS before and after spiking process. The extraction recoveries were calculated as the ratio between the
compound concentration after SPE processes (CA, spiked sample) subtracted by the concentration detected in
the hospital samples (CB, non-spiked sample) and the theoretical concentration added in hospital wastewater
(CC) (Eq. 1) [17].

(𝐶𝐴 − 𝐶𝐵 )
𝑅𝑒𝑐𝑜𝑣𝑒𝑟𝑦 (%) = (
) ∗ 100
𝐶𝐶

Eq. 1

According to the IUPAC criteria, the mean recovery of the replicate values must be within ± 30% of
the theoretical concentration added [32]. According to the Eq. 2, the ion suppression (expressed as a percentage)
was evaluated: the peak area in hospital wastewater extracts spiked with target compounds (AA) are first
subtracted by the peak area of the compound in the non-spiked hospital wastewater extracts (AB), the values
obtained are then compared with the peak area of the analyte in the standard solution water/methanol (50:50,
v/v) spiked with the target compounds (AC) [33].

𝑆𝑖𝑔𝑛𝑎𝑙 𝑠𝑢𝑝𝑝𝑟𝑒𝑠𝑖𝑜𝑛 (%) = (1 −

(𝐴𝐴 − 𝐴𝐵 )
) ∗ 100
𝐴𝐶

Eq. 2
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Results and discussion
LC-MS/MS analysis
The analytical method using SPE and LC-MS/MS was implemented to detect pharmaceuticals
compounds contained in a discharge of a public hospital in Mexico. The target compounds were selected mainly
based on their detection and occurrence in hospital effluents, urban wastewater, and WWTP effluents in Mexico
and around the world. Initially, thirty pharmaceutical compounds of fifteen different therapeutic groups were
selected, and a screening analysis was conducted through LC-MS/MS system. The information of precursor ion
and two different transitions for each compound were collected for the monitored pharmaceutical compounds.
This information was processed in LC-MS/MS system and analyzed through of MRM mode operation. Thus,
the capability of the instrument to detect sixteen compounds of different therapeutic groups: sulfamethoxazole,
metformin, enalapril, metoclopramide, naproxen, caffeine, isoniazid, ampicillin, loratadine, omeprazole,
ketoprofen, ibuprofen, acetaminophen, losartan, atenolol, and oxcarbazepine were demonstrated. These
compounds were selected for the method implementation. Once selected, for the MS/MS settings, the specific
precursor ion, and two transition fragments were optimized for the twenty pharmaceuticals (sixteen compounds
and four internal standards), as is shown in Fig. 1 for naproxen, as an example.

Fig. 1. Example of signal optimization for naproxen during direct infusion mode: (a) MS spectrum and (b)
MS/MS spectrum for naproxen.

The LC-MS/MS parameters for the pharmaceuticals were conducted under ESI. Initially, the analytical
signal was evaluated in ESI positive and negative ion modes. The selected precursor ions for all the compounds
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showed maximum sensitivity in positive ionization mode. Only, the naproxen, ibuprofen, and levocetirizine-d4
were optimized in ionization negative. Subsequently, precursor ion, transition fragments (MRM), ionization
mode, and conditions of collision energy (eV) and spray voltage were obtained for each compound; this
information was processed in the LC-MS/MS system for the detection of each pharmaceutical in MRM mode.
On the other hand, the analytes were subdivided into four groups for chromatographic separation, considered
their LC-MS/MS parameters (ionization mode, collision energy, spray voltage) and guidelines established by
the EPA (Method 1694). A summary of the mass spectrometric parameters including the precursor ion, the
transition fragments (MRM), the ionization mode, the collision energy (eV), spray voltage, and pharmaceuticals
groups are shown in Table 3.
Table 3. Specific MS/MS settings for the sixteen selected pharmaceuticals compounds
Groups
Precurs
Transitions MRM
Collision
or ion
Quantitative ion
Energy
(m/z)
Qualitative ion
(eV)
Group 1 (Ionization
negative)
Ibuprofen
205.2
159.2
161.3
-18
Naproxen
229.3
170.2
185.2
-20
*Levocetirizine-d4
391.5
201.1
166.0
-20
Group 2 (Ionization
positive)
Metformin
130.0
71.2
60.3
25
Metoclopramide
300.2
227.3
183.6
28
Omeprazole
346.4
198.3
150.1
15
*Carbamazepine-d2
240.2
195.2
180.4
35
Group 3 (Ionization
positive)
Oxcarbazepine
253.2
180.6
208.7
30
Sulfamethoxazole
254.1
108.1
156.0
30
Losartan
423.7
206.8
180.2
50
Enalapril
377.2
234.7
304.6
35
Atenolol
267.2
145.6
74.4
40
Caffeine
195.2
138.7
109.8
40
Loratadine
383.1
266.8
258.8
45
*Sulfamethoxazole-d4
258.2
112.0
160.2
30
Group 4 (Ionization
positive)
Isoniazid
137.9
121.2
78.8
30
Ketoprofen
255.1
209.3
177.3
30
Ampicillin
350.5
106.4
192.1
25
Acetaminophen
152.1
110.1
92.7
30
*Acetaminophen-d4
156.1
114.3
96.8
30

Spray Voltage
(V)

-4500
-4500
-4500

5500
4500
5500
4500

5500
4500
5500
4500
4500
4000
4500
4500

5500
5500
5350
3500
3500

*Isotopically labeled compounds

For chromatographic analysis, the elution of the compounds was conducted in four groups using
reversed-phase C-18 analytical column and mobile phases based on 5 mM ammonium acetate (A)/acetonitrile
(B) mixture (Table 4).
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Table 4. Chromatographic conditions for the elution of target compounds (groups 1, 2 ,3 and 4).
Parameters LC
Mass spectrometry parameters
Ionization: negative
Injection volume: 20 L
Spray voltage: -3000 V
-1
Flow: 1 mL min
Temperature: 500 oC
Analysis time: 5 min
Source gas 1 and 2: 60 L h-1
Column: C-18 Kinetex (50 x 4.6 mm, i.d. 2.6 m)
Curtain gas: 30 L h-1
o
Temperature:
40
C
Group 1
Declustering potential: -25 V
Mobile phase: (A) 5 mM ammonium acetate (v/v) / (B)
Entrance potential: -7 V
acetonitrile
Collision energy: -15 V
Gradient:
Collision cell exit potential: -3.3
Initial: 0 min 90%(A)/10%(B),
V
End: 5 min 0%(B)/100%(B)

Group 2

Group 3

Group 4

Injection volume: 20 L
Flow: 1 mL min-1
Analysis time: 5 min
Column: C-18 Kinetex (50 x 4.6 mm, i.d. 2.6 m)
Temperature: 40 oC
Mobile phase: (A) 5 mM ammonium acetate (v/v) / (B)
acetonitrile
Gradient:
Initial: 0 min 99%(A)/1%(B)
0.5 min 95%(A)/5%(B)
1 min 50%(A)/50%(B)
2.5 min 30%(A)/70%(B)
End: 5 min 0%(A)/100%(B)
Injection volume: 20 L
Flow: 1 mL min-1
Analysis time: 6 min
Column: C-18 Kinetex (50 x 4.6 mm, i.d. 2.6 m)
Temperature: 40 oC
Mobile phase: (A) 5 mM ammonium acetate (v/v) / (B)
acetonitrile
Gradient:
Initial: 0 min 90%(A)/10%(B)
0.5 min 80%(A)/20%(B)
3 min 60%(A)/40%(B)
3.5 min 20%(A)/80%(B)
4 min 15%(A)/85%(B)
End: 6 min 0%(A)/100%(B)
Injection volume: 20 L
Flow: 0.8 mL min-1
Analysis time: 3 min
Column: C-18 Kinetex (50 x 4.6 mm, i.d. 2.6 m)
Temperature: 40 oC
Mobile phase: (A) 5 mM ammonium acetate (v/v) / (B)
acetonitrile
Gradient:
Initial: 0 min 75%(A)/25%(B)
End: 3 min 50%(A)/50%(B)

Ionization: positive
Spray voltage: 4500 V
Temperature: 500 oC
Source gas 1 and 2: 60 L h-1
Curtain gas: 20 L h-1
Declustering potential: 35 V
Entrance potential: 5 V
Collision energy: 25 V
Collision cell exit potential: 2.5
V

Ionization: positive
Spray voltage: 5500 V
Temperature: 600 oC
Source gas 1 and 2: 75 and 65 L
h-1
Curtain Gas: 20 L h-1
Declustering Potential: 50 V
Entrance Potential: 7 V
Collision energy: 35 V
Collision cell exit potential: 2.5
V

Ionization: positive
Spray voltage: 5500 V
Temperature: 500 oC
Source gas 1 and 2: 65 L h-1
Curtain gas: 20 L h-1
Declustering potential: 50 V
Entrance potential: 10 V
Collision energy: 25 V
Collision cell exit potential: 2.5
V
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Several linear gradients were tested to obtain the best chromatographic separation. The mass
spectrometry conditions were similar for the four pharmaceutical groups; the ionization mode was negative
(group 1) and positive (group 2, 3, and 4). The spray voltages were: -3000 V (group 1), 4500 V (group 2) and
5500 V (group 3 and 4). The collision energy for group 1 was -15 V; 25 V for group 2 and 4; and 35 V for
group 3. In general, the same conditions LC-MS/MS analysis were established for the four groups. In Figures
2 and 3 the MRM chromatograms of the four groups are depicted.
For the four groups, the elution of target compounds was conducted in linear-gradient, the flow rates
ranging from 0.8 to 1 mL min-1, and retention times (tR) ranging from 1 to 5 min. The MRM analysis allowed
the detection of two transitions for each pharmaceutical. Therefore, during the elution were observed two
characteristics signals for each compound: quantification (most abundant) and confirmation (less abundant).
Despite the chromatographic gradient used, coelution was encountered (groups 3 and 4). However, these
compounds could be easily identified by their precursor ion (accurate masses) and two transitions (MRM).
Specifically, the elution of the compounds of group 1: naproxen, ibuprofen, and levocetirizine-d4 (Figure 2(a))
were conducted in tR ranging from 2.1 to 2.4 min, while that the analytes of group 2: metformin, omeprazole,
*carbamazepine-d2 and metoclopramide (Figure 2(b)) were eluted in tR ranging from 1.3 to 2.6 min. On the
other hand, the elution of the compounds of group 3: caffeine, sulfamethoxazole, *sulfamethoxazole-d4,
enalapril, atenolol, losartan, oxcarbazepine, and loratadine was conducted in tR ranging from 1.9 to 4.8 min
(Figure 3(a)). In contrast, the analytes of group 4: ampicillin, isoniazid, acetaminophen, *acetaminophen-d4,
and ketoprofen (Figure 3(b)) were eluted in tR ranging between 1.6 and 1.9 min. Therefore, the target
compounds were separated under the proposed chromatographic conditions. The short analysis time (< 6 min)
per group, use of simple elution gradients, detection of different therapeutic groups of pharmaceuticals, and
high speed of analysis were some advantages of the implemented analytical method.
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Fig. 2 MRM extracted chromatogram of target analytes of: (a) Group 1; naproxen (tR=2.1 min), *levocetirizined4 (2.3 min), ibuprofen (tR=2.45min) (b) Group 2; metformin (tR=1.3 min), omeprazole (tR=2.2 min),
*carbamazepine-d2 (tR=2.3 min), metoclopramide (tR=2.6 min)
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Fig. 3. MRM extracted chromatograms of target analytes of: (a) Group 3; caffeine (tR=1.9 min),
sulfamethoxazole (tR=1.9 min), *sulfamethoxazole-d4 (tR=1.9 min), enalapril (tR=2.0 min), atenolol (tR=2.0
min), losartan (tR=2.5 min), oxcarbazepine (tR=3.0 min), loratadine (tR=4.8 min); (b) Group 4; ampicillin
(tR=1.65 min), isoniazid (tR=1.65 min), acetaminophen (tR=1.7 min), *acetaminophen-d4 (tR=1.7 min),
ketoprofen (tR=1.9 min).

Method Validation
Matrix effects such as signal suppression are often the concern of LC-MS/MS analysis during the
detection of organic pollutants. The hospital wastewater is a mixture of other different pollutants. Therefore,
during the analysis of pharmaceuticals by LC-MS/MS, these compounds mean matrix effects and interferences
that are present in the sample. Additionally, they affect ionization (ESI) and the detection of organic compounds
[34]. Therefore, ion suppression owing to matrix effects was calculated with the Eq. 2. A summary of the ion
suppression percentage of analyzed compounds is shown in Fig. 4.

Fig. 4 Matrix effects (ion suppression) of the target compounds in hospital wastewater.
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The ions suppression ranged from 38 to 88% (Fig. 4). Losartan, isoniazid, and metformin showed the
highest suppression values (82-88%). These results indicate that the presence of different types of pollutants
(disinfectants, metals, detergents, organic and inorganic ions) in hospital wastewater contributes to the loss of
sensitivity and accuracy during the detection and quantification of pharmaceuticals by LC-MS/MS [14,17].
Therefore, the implementation of the IS method with isotopically labeled analogs for quantification by LCMS/MS was a powerful tool to compensate adverse matrix effect in hospital wastewater samples. Subsequently,
the concentrations of the detected drugs were calculated using a standard calibration curve using IS method.
Only the most abundant transition (quantification) was employed. The calibration curves for the four groups
ranged from 0.1 to 400 µg L-1, depending on the sensitivity of each compound.
The calibration curves were well adjusted to a linear model with correlation coefficients (R2) between
0.991 to 0.999 for the analyzed compounds. The LODs and LOQs ranged from 0.02 to 0.59 µg L -1 and 0.07 to
1.80 µg L-1, respectively. The overall precision of the method, expressed as the relative standard deviation
(RSD) of repeatability at 1.0 g L-1 fortification level was satisfactory, ranging from 0.9 to 12.7%. On the other
hand, accuracy of the method was estimated from recovery experiments: acceptable recovery values of the
spiked samples of hospital wastewater with the target compounds were obtained within the range of 72 to 103%,
exhibiting RSD values ranging from 3.2% (omeprazole) to 14.7% (acetaminophen). Only, naproxen (16.1%)
and losartan (15.7%) obtaining values above 15%. Unfortunately, the recovery values for isoniazid,
metoclopramide, and metformin were unacceptable (< 45%); therefore, these compounds were not quantified
in the wastewater samples. The analytical parameters for analyzed pharmaceuticals are summarized in Table 5.
Table 5. Validation parameters of the implemented LC-MS/MS method for the pharmaceuticals determination
in hospital wastewater.
Correlation
Recovery %
Retention
Concentration
LOD
LOQ
Groups
coefficient
(RSD %)
time (min)
range (µg L-1)
(µg L-1)
(µg L-1)
(R2)
n=3
Group 1
(Ionization
negative)
Ibuprofen
2.5
0.999
0.59
1.80
103.7 (6.5)
10−400
Naproxen
2.1
0.998
0.06
0.18
85.6 (16.1)
1−400
Group 2
(Ionization
positive)
Metformin
Metoclopramide
Omeprazole
Group 3
(Ionization
positive)
Oxcarbazepine
Sulfamethoxazo
le
Losartan
Enalapril
Atenolol
Caffeine
Loratadine

2.0
3.0
2.1

1−400
1−400
1−400

0.994
0.998
0.998

0.25
0.32
0.26

0.77
0.99
0.79

na*
na*
89.9 (3.2)

2.7

0.1−200

0.997

0.03

0.09

71.6 (5.1)

1.9

0.1−400

0.995

0.02

0.08

96.8 (7.2)

2.3
2.0
2.1
1.9
4.4

0.1−400
0.1−200
0.1−200
0.1−400
0.1−200

0.998
0.994
0.995
0.999
0.996

0.02
0.02
0.02
0.03
0.02

0.08
0.07
0.07
0.09
0.07

79.4 (15.7)
88.4 (3.7)
79.9 (9.5)
85.1 (8.1)
72.1 (11.1)
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Group 4
(Ionization
positive)
Isoniazid
Ketoprofen
Ampicillin
Acetaminophen

1.6
1.9
1.6
1.7

1−400
1−400
1−400
1−400

0.992
0.999
0.991
0.994

0.19
0.32
0.20
0.05

0.58
0.98
0.62
0.16

na*
79.6 (9.8)
97.4 (3.4)
82.2 (14.7)

*na: accuracy could not be evaluated due to the recovery was unacceptable (< 70%) [32]

Quantitative analysis of detected drugs
The proposed analytical method was applied to quantify sixteen pharmaceuticals in a wastewater
discharge of a public hospital in San Nicolas de los Garza, Nuevo Leon, Mexico, in two different sampling
periods: May 2017 and March 2018. From the analyzed compounds, sixteen were detected in samples of May
2017, while in samples of March 2018 were identified fifteen compounds. Although isoniazid, metformin, and
metoclopramide were detected in both samples; as was stated before, their recovery values were low (< 45 %);
therefore, they were not considered for quantification analysis. Specifically, eight pharmaceuticals
(acetaminophen, atenolol, caffeine, enalapril, losartan, oxcarbazepine, sulfamethoxazole, and naproxen) were
quantified in concentrations ranging from 0.37– 9.65 µg L-1 in the samples collected in May 2017. The other
five compounds (ampicillin, ketoprofen, loratadine, omeprazole, and ibuprofen) were below of LOD (< 0.59
µg L-1).
The eight drugs detected in the previous period coincide with those identified in the hospital effluent
of March 2018; however, loratadine, omeprazole, and ibuprofen were additionally detected. The concentration
ranges of the eleven compounds quantified were from 0.16–51.2 µg L-1. The drug ketoprofen was below of
LOD (< 0.32 µg L-1), while the ampicillin was not detected in the second sampling period. Acetaminophen
showed the highest concentration in the samples collected in May 2017 and March 2018: 9.6 µg L -1 and 51.2
µg L-1, respectively. A summary of the quantified concentrations in the two collected samples is shown in Table
6.
Table 6. Concentration of the determined pharmaceuticals in the hospital wastewater
May (2017)
March (2018)
Compound
(µg L-1)
(µg L-1)
Acetaminophen
9.650.37
51.224.17
Ampicillin
<LOD
N.D.
Atenolol
0.440.05
0.200.02
Caffeine
0.570.10
8.320.52
Enalapril
0.370.06
0.160.01
Ketoprofen
<LOD
<LOD
Loratadine
<LOD
0.340.06
Losartan
3.190.30
2.390.10
Omeprazole
<LOD
0.750.12
Oxcarbazepine
1.590.15
0.750.11
Sulfamethoxazole
0.630.12
3.290.57
Ibuprofen
<LOD
3.290.43
Naproxen
5.910.95
10.630.63
< LOD= below the limit of detection, N.D.=not detected

In Mexico, the monitoring of pharmaceuticals in hospital wastewater is scarce. Only few studies have
been reported for the determination of pharmaceuticals in wastewater from some hospitals in two regions of the
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central zone of the country: State of Mexico and Puebla [23-25,35]. In these studies, only five drugs
(acetaminophen, atenolol, ibuprofen, naproxen and omeprazole) were detected in concentrations ranging from
0.009 to 123 µg L-1 (Table 7).

Table 7. Concentrations of the detected pharmaceuticals in hospital wastewater in other regions of Mexico
(µg L-1).
This
This
a
a
a
b
OlveraPérezLujaTenoriowork
work
Pharmaceutical
Néstor et
Álvarez et
Mondragón et
Chavez et
May
March
al., (2016)
al., (2018)
al., (2019)
al., (2020)
2017
2018
Acetaminophen

0.39

2.66

2.84

0.052

9.65

51.22

Atenolol

-

0.20

0.02

-

0.44

0.20

Naproxen

123

1.79

1.83

0.009

5.91

10.63

Ibuprofen
Omeprazole

71.3
-

0.62
-

0.72
-

0.010
0.011

<LOD
<LOD

3.29
0.75

a =State

of Mexico; b =Puebla

Naproxen was reported at the highest concentration (123 µg L-1) in those studies, and the value was
ten-twenty times higher than values described in this work (5.91 µg L -1 and 10.63 µg L-1). However,
acetaminophen was quantified in lower concentrations (0.052–2.84 µg L-1) than those detected in this research
(9.65 µg L-1 and 51.22 µg L-1). Therefore, the present study confirms the variability and concentration range of
detected drugs in hospital wastewater, demonstrating the necessity of in-depth research in Mexico of
pharmaceutical monitoring in these wastewater samples. These compounds are directly discharged in the
municipal sewage system and, subsequently, seen in the WWTP system, where its removal is incomplete.

Conclusion
The monitoring of pharmaceuticals in wastewater from a public hospital in San Nicolas de los Garza,
Nuevo Leon, Mexico was conducted in this study. The implementation of a selective and sensitive analytical
method through the SPE process and LC-MS/MS system allows the detection of drugs belonging to different
therapeutic groups. In the samples collected, sixteen compounds were detected in concentrations ranging from
0.16–51.2 µg L-1. The higher level of pharmaceuticals was detected in March 2018, which can be directly
associated with the high number of patients in the hospital in this period. Additionally, the acetaminophen drug
showed the highest concentration in both sampling periods.
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