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Abstract
Sulfamethoxazole (SMTX) and trimethoprim (TMP) are antibiotics present in 
wastewater in a concentration range µg L−1 to ng L−1. The stability in aquatic 
environment characterizes them as potential risk to the environment which explains 
the interest of monitoring environmental matrices. The development of simple 
analytical method to monitor antibiotics in wastewater is essential to evaluate new 
treatment technologies. The aim of this paper is to evaluate the removal efficiency 
of sulfamethoxazol and trimethoprim using a horizontal-flow anaerobic immobilized 
bioreactor (HAIB). A liquid chromatography/tandem mass spectrometry (LC-MS/
MS) method was developed using column-switching online solid-phase extraction 
as sample preparation procedure to monitor influent and effluent samples. LC-MS 
/MS were performed in positive mode (ESI +) and selected-reaction monitoring 
mode (SRM). The total analysis time was 13 minutes integrating the sample 
preparation and chromatographic run. Injection volume of 100 μL was sufficient 
to sample extraction.  This method presented precision, linearity, quantification 
and detection limit for simultaneous detection of very low concentrations (ng L-1) 
from HAIB bioreactor influent and effluent. The precision intra-days showed values 
lower than 5%, linearity (75-500 ng L-1) and quantification limit (LOQ) of 75 ng 
L-1 for both antibiotics to the influent and effluent samples from the bioreactor. 
Keywords: Horizontal-flow anaerobic immobilized bioreactor (HAIB), Liquid 
chromatography tandem-mass spectrometry (LC-MS/MS), sulfamethoxazol, 
trimethoprim.
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Removal of sulfamethoxazol and trimethoprim using 
horizontal-flow anaerobic immobilized bioreactor
Remoção de sulfametoxazol e trimetoprima usando biorreator anaeróbio horizontal de  
leito fixo

Resumo
Sulfametoxazol (SMTX) e a trimetoprima (TMP) são antibióticos utilizados na 
terapêutica humana e, atualmente, na veterinária. Esses fármacos estão presentes em 
matrizes ambientais, como o esgoto doméstico e águas residuárias de suinocultura em 
níveis de concentração de µg L−1 a ng L−1. A ocorrência desses fármacos no ambiente 
aquático está relacionada com sua larga utilização bem como estabilidade em meio 
aquoso. O monitoramento desses fármacos em matrizes ambientais é fundamental 
para verificar a eficiência dos tratamentos aplicados em águas residuárias, além de 
avaliar novas tecnologias de tratamento. O desenvolvimento de métodos analíticos 
que permitam análises rápidas, confiáveis e sensíveis é fundamental para estudar 
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1. Introduction

The occurrence of antibiotics in environmental 
matrices is a result of their intense use in human and 
veterinary medicine, whether to prevent, cure or treat 
diseases (1). The antibiotic main function is to inhibit 
the growth of microorganisms such as fungi and bacteria 
(2). Carvalho & Santos (2016), emphasize antibiotics 
importance in the common treatments of human 
medicine, such as in orthopedic surgeries, chemotherapy 
for cancer, besides the use in transplanted patients (3). 
In recent years, there has been growing concern about 
the potential risks of antibiotics might be bringing to 
the aquatic environment. The occurrence of drugs, 
mainly antibiotics, in the environment comes from 
the contamination from sewage containing animal and 
human excreta and the disposal of expired or unused 
drugs in hospitals, pharmacies directly in the sewage (4). 
As sewage treatment plants are not designed for removal 
of these compounds and this scenario comes worse 
about 82% of municipalities in Brazil dispose of sewage 
directly into rivers (5). Thus, due to the incomplete 
antibiotics removal in wastewater, these emerging 
micropollutants could be determinant to multiresistant 
bacteria dissemination (6,7). The concern increases since 
rivers receive wastewater containing pharmaceuticals 
compounds and their metabolites. Most of the rivers 

are used to domestic usage and agriculture. Over the 
years, there has been an increase in the antimicrobial 
consumption, a fact that may also be associated with 
indiscriminate antibiotics use by a large part of the 
population, leading to a true global pandemic, causing 
the so-called superbugs. This fact presents, as main 
characteristics, many microbial disease do not respond 
to treatments with broad-spectrum antibiotics (3). 
Among several antibiotics groups currently available 
for human or animal consumption, sulfonamides are 
a prominent group due its widely used to treat various 
infections and because its high stability in the aquatic 
environment (8). Sulfonamides are mainly used in 
veterinary medicine for the treatment of infections 
such as bronchitis. The combined administration of 
the sulfamethoxazole (SMTX) with trimethoprim 
(TMP) increases the treatment efficiency, inhibiting 
folic acid synthesis, essential for the growth of bacteria 
(9). Besides pharmaceutical compounds are present in 
wastewater at concentration level of  µg L−1 to ng L−1, 
there is a possibility of causing bacteria selection even 
at these low levels of concentration (10). Both SMTX 
and TMP (Figure 1) are persistent to treatment used in 
wastewater treatment plants, thus they are classified 
as high risk for the environment. These compounds 
are polar, water soluble and chemically stable, which 
contributes to their mobility in environmental matrices 
(11). Several researchers found SMTX and TMP in 

novas tecnologias de tratamento. A cromatografia líquida acoplada a espectrometria de massas sequencial (LC-MS/MS) é uma das técnicas 
de escolha. Dessa maneira, o objetivo desse estudo é avaliar a remoção de SMTX e TMP usando um biorreator anaeróbio horizontal de 
leito fixo (HAIB). Esse biorreator foi operado com tempo de detenção hidráulica (HRT) de 12h, tendo como substrato esgoto lab-made 
isento de SMTX e TMP. Foram monitorados parâmetros operacionais do biorreator como vazão, pH e alcalinidade. Além disso, um método 
de extração em fase sólida online (SPE) usando column-switching foi acoplado ao LC-MS/MS para determinar SMTX e TMP em níveis de 
ng L-1 A análise teve seu tempo total de 13 minutos integrando preparo de amostra e separação cromatográfica. As análises por LC-MS/MS 
foram realizadas no modo positivo (ESI+) e modo SRM (selected-reaction monitoring) permitindo determinar os parâmetros de precisão 
intra-dia com valores inferiores a 5%, linearidade (75-500 ng L-1) e limite de quantificação (LOQ) de 75 ng L-1 para ambos os antibióticos 
no afluente e no efluente do biorreator. 
Palavras-chave: Bioreator anaeróbio horizontal de leito fixo, Chromatografia Líquida acoplada a espectrometria de massas (LC-MS/MS), 
sulfametaxazol, trimetoprima.
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a range of 100-800 ng L-1 in influents and effluents of 
wastewater treatment plant (12-14). Thus, it is important 
to develop analytical methods that allow a rapid, reliable 
and sensitive analysis to monitor these compounds 
in wastewater. Moreover, analytical methods are 
essential to evaluate new treatment technologies applied 
to remove these compounds. In order to determine 
emerging contaminants such as SMTX and TMP, liquid 
chromatography/tandem mass spectrometry (LC-MS/
MS) is technique of choice. Sample preparation is 
important step to LC-MS/MS to minimize matrix effect 
and to quantify sample at low concentration levels such 

as ng L-1.

Anaerobic bioreactors are an effective alternative 
for wastewater treatment, since it is a cheap technology, 
offer operational simplicity with high removal efficiency 
of organic matter. Moreover, anaerobic digestion 
generates biogas such methane and hydrogen which 
could be used as an energy source. Anaerobic bioreactors 
present different configurations such as a horizontal 
fixed-bed anaerobic bioreactor (HAIB). This bioreactor 
was successfully applied to remove formaldehyde, 
benzene, toluene, and xylenes, pentachlorophenol and 
ciprofloxacin (15-18). Based on these facts, this study 
aims to evaluate SMTX and TMP removal efficiency 
present in lab-made sewage samples using horizontal-
flow anaerobic immobilized bioreactor (HAIB). SMTX 

and TMP were spiked in the lab-made sewage at ng L-1 
concentration level. LC-MS/MS method was applied 
using column-switching solid-phase extraction online as 
sample preparation technique (19).

2. Experimental
2.1 Materials and reagents

High-purity water was obtained from a Milli-
QPlus (Billerica, MA, USA) purification system. 
Analytical standards of SMTX and TMP were supplied 
by Sigma-Aldrich (St. Louis, MO, USA) as well isotopic 
labeled compounds used as internal standard (IS) 
13C-SMTX and TMP-D

9
. All drug standards used were 

high purity grade (> 98%). HPLC-grade acetonitrile 
(ACN) and formic acid were purchased from J. T. Baker 
(Phillipsburg,  NJ, USA). Antibiotics stock solutions 
containing 500 mg L-1 were prepared dissolving each 
of the analytes in ACN and formic acid to improve 
dissolution.  

2.2 LC-MS/MS analysis (QTRAP) 

LC analyses were carried out by an Agilent 1200 
HPLC series system constituted of LC quaternary pump; 
autosampler ALS 1200. Autosampler with injection 
volume capacity from 0.1 to 100 µL volume and column 
oven was maintained at 20°C. The column switching 

Figure 1. Trimethoprim and sulfamethoxazole chemical structures.
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and SPE online system required an additional LC pump, 
model ProStar 210 solvent delivery module from Varian, 
for sample loading. The chromatographic separation 
was performed on a reversed-phase HPLC column 
C18 Agilent (50 mm x 2.1 mm x 5.0 µm). The mobile 
phase consisted by 0.1% formic acid in ACN (B) and 
water with 0.1% formic acid(A). The gradient program 
is reported by: 5% of mobile phase B used during 3.10 
minutes, at 3.50 min changed to 65 % (B) until 9.00 
min. From 10.00 to 13.00 minutes (B) reached 95%, and 
finally it returned to the initial condition of 5% (B) from 
13.10 to 18.00 minutes. The flow rate was 600 µL min-

1 and the injection volume was of 100 µL. The hybrid 
mass spectrometer system Quadrupole Linear Ion Trap 
(3200 QTRAP, AB SCIEX) analyzer was coupled to a 
LC system. It is equipped with a turbo spray ion source 
(ESI) and controlled by Analyst software (1.5.2). The 
source conditions were as follows:  curtain gas of 20 V, 
ion source gas at 50 psi, nitrogen collision gas (CAD) 
medium, source temperature (TEM) of 650 °C, ions 

spray voltage of 5500 V. The QTRAP was performed 
in positive ionization mode (ESI+) and the analytes 
were detected using selected reaction monitoring (SRM) 
using a dwell time of 75 ms for each SRM transition. 
Three different SRM transitions were monitored for each 
analyte. The MS/MS system conditions: declustering 
potential (DP), collision energy (CE), collision cell 
entrance potential (CEP), and collision cell exit potential 
(CXP) were optimized through direct infusion of 
standard sample of each compound at concentration 
ranging from 10 to 50 µg L−1. CXP was set at 4.0 V to all 
compounds. Three SRM transitions were monitored for 
all analytes (two transitions for confirmation and one for 
quantification). The more intense transition was used for 
quantification.

2.3 Column-switching System

The presents study made use of column-
switching solid-phase extraction online-coupled to a 
liquid chromatography/ tandem mass spectrometry 

Table 1. MS/MS parameters for the target analytes by SRM and positive ionization mode.

Compound Q1 (m/z) Q3 (m/z) DP (volts) CE (volts) EP (volts) CEP (volts)

13C - SMTX* 260 162 46 17 4.0 14

13C - SMTX 260 98 46 35 4.0 14

13C - SMTX 260 114 46 29 4.0 14

TMP* 291 123 56 31 8.5 16

TMP 291 230 56 23 8.5 16

TMP 291 261 56 23 8.5 16

SMTX* 254 156 36 19 7.5 12

SMTX 254 92.0 36 35 7.5 12

SMTX 254 108 36 31 7.5 12

TMP-D
9

300 123 61 35 10 14

TMP-D
9

300 243 61 23 10 14

TMP-D
9

300 264 61 23 10 14

 * SRM used for quantification.
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(SPE-LC-MS/MS) method for sulfonamides detected 
in lab-made sample, influent and anaerobic bioreactor 
effluent. The samples were submitted for pH adjustment 
through formic acid and filtration process using cellulose 
acetate 0.22 µm filter before injection LC system. 
Foreflush and backflush modes were compared based 
on the theoretical plates and asymmetry shape peaks. 
Backflush mode showed narrower and defined peaks for 
analytes elution through SPE online and was adopted for 
this reason. The sample was introduced in SPE column 
(Oasis HLB, cartridge column 20 mm x 2.1 mm x 25.0 
µm) from pump A using an aqueous mobile phase while 
the analytical column was conditioned by ACN mobile 
phase from pump B. The valve switched after 3.00 
minutes to position B and the analytes eluted from the 
SPE column to the analytical column and the MS/MS 
detector on opposite direction of sample loading.

2.4 Validation Study

The LC-MS/MS method was validated as a 
quantitative confirmatory method according to national 
and international requirements for (20-22). The analytes 
were identified by monitoring retention times and ion 
intensities of each SRM transition. The quantitative 
parameters evaluated in the validation procedure were: 
linearity, limit of detection (LOD), limit of quantification 
(LOQ) and precision.

The linearity was evaluated by linear regression 
analysis of the lab-made calibration curves and also for 
anaerobic bioreactor effluent. A maximum injection 
volume of 100 µL was introduced in the system to obtain 
minor LOQ as possible correlated to variations coefficient 
less than 20 %. The precision intra-day was determined 
for all the range concentrations. Method linearity was 
evaluated by analysis of variance (ANOVA). The 
linear regression analysis was performed by weighted 
calibration curve: 1/x, 1/x2, 1/x0.5 and 1/y2.

2.5 Standard solutions 

The dilute solutions (intermediate solutions) 
of each standard analyte were obtained from a stock 

solution in a range of 1000 to 1 µg L-1 prepared in water 
taking into account of the content 0.1% formic acid. 
These intermediate solutions were diluted to prepare 
working standard mixed solutions for a lab-made sample 
fortification at 10 different concentrations (75, 100, 
150, 200, 250, 300, 350, 400, 450, 500 ng L-1). The 
calibrations were done in lab-made samples and HAIB 
effluent absent of SMTX and TMP. Table 1 presents lab-
made sewage composition.

Calibration curve for lab-made sample and 
effluent bioreactor were obtained by on the peak area 
ratio of analyte compared to corresponding internal 
standard. Also, calibration curve were evaluated by 
external standards for both analytes.

2.6 Anaerobic bioreactor

One acrylic bench-scale HAIB bioreactor was 
used to evaluate SMTX and TMP removal. The bioreactor 
has a total volume of 2.5 L, length of 100 cm, internal 
diameter of 5 cm and four equally spaced sampling ports 
along its length. Cubic polyurethane foam (0.5 cm cubes, 
23 kg m-3 apparent density and 95% porosity) was used 
to fill the bioreactor for biofilm adhesion, resulting in 
a working volume of 1 L. The inoculum immobilized 

Table 2. Lab-made wastewater composition.

Component Concentration (mg L-1)

Cellulose 47.0

Sucrose 98.0

Starch 149

Beef extract 262

Sodium bicarbonate 370

NaCl 250

MgCl
2

4.50

CaCl
2

7.00

LAS (tensoactive) 1.00

Soybean oil 79.0
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in the polyurethane foam was collected from a poultry 

slaughterhouse wastewater. The inoculation procedure 

was made keeping in contact the polyurethane foam with 

the inoculum for 2 hours before being allocated into the 

bioreactor.

2.7 Bioreactor Operation

After immobilization, the bioreactor was fed with 

lab-made sewage as substrate with COD of 550 mg O
2
 

L-1 to promote biomass development and adhesion of 

micro-organisms in the packed bed. The composition of 

the lab-made sewage is shown in Table 1. The bioreactor 

was operated at 28 ºC and hydraulic retention time 

(HRT) of 12 h during 37 weeks. Antibiotics were added 

to the lab-made sewage after the bioreactor reached the 

steady-state regimen. Both antibiotics SMTX and TMP 

were studied at the concentration of 200 ng L-1. 

2.8 Analytical Methods

The chemical oxygen demand (COD), pH and 

alkalinity were determined according to the Standard 

Methods for the Examination of Water and Wastewater 

(23). These analyses were performed weekly to ensure 

the steady-state of the anaerobic bioreactor. Analyses of 

influent and bioreactor effluent were performed using 

SPE-online coupled to LC-MS/MS method.

3.  Results and discussion  

3.1 Optimization of MS/MS parameters

Positive ionization mode (ESI+) was used for 

antibiotics analysis with formic acid as mobile phase 

additive. SRM mode was used for ion acquisition. 

Products ions of m/z 230, 261 and 123 were selected for 

SMTX. For TMP, the m/z of products ions selected were 

156, 92.0 e 108. 

3.2 LC-MS/MS analysis

Sample preparation was made by online SPE and 

column switching, optimized by Gomes et al (2015) 

(19). The sorbent used on SPE has both hydrophobic 

and hydrophilic characteristics, allowing to analytes pre-

concentration and also to eliminate interferents from the 

matrix. LC pump used 100 % aqueous mobile phase to 

sample loading, 3.00 minutes were enough to complete 

interferents discard. Thereafter, the column-switching 

valve position was changed and analytes were eluted 

from the SPE column to the analytical column. The 

elution was conducted on backflush mode.

The separation was tested using gradiente with 

formic acid 0.1 % in the aqueous and organic phases. 

Analytes separation reached 99.3 % with resolution of 

1.5. This result is satisfactory since the antibiotics are 

structurally similar. Cross talking phenomena was not 

observed using SRM in the sample analysis although it 

has been noted a minimal co-elution.

Injection volume was 100 µL corresponding to the 

maximum capacity of autosampler. This volume provide 

the lowest LOQ (75 ng L-1) without peak distortion. The 

memory effect was assessed to avoid compromising 

method precision. A minimal of 0.5 % was observed 

in samples at higher than 500 ng L-1. The autosampler 

was programmed to clean the internal and external parts 

of the needle with a mixture of acetonitrile, isopropyl, 

methanol and water containing 0.1 % of formic acid 

(25 % V/V each solvent) using an auxiliary pump. 

Furthermore, the valve the position changed several 

times to remove any possible compounds that could be 

remained in the system.

3.3 Method validation and linearity

Before injection LC system the samples were 

submitted for pH adjustment through formic acid (pH of 

3.0) and filtration process using cellulose acetate 0.22 

µm filter. At pH of 3.0, SMTX is in neutral form and 

TMP are in ionized form. HLB phase of SPE showed 

adequate selectivity to pre-concentrate and extract the 
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analytes presents in lab-made sewage, as shown in 
Figure 2.

Linearity was assessed by analytes fortification in 
10 concentration levels (75 a 500 ng L-1) and evaluated 
by least-squares method. Internal standards isotopically 
labelled were used to minimize matrix effect. Calibration 
curves were assessed by internal and external calibration 
method; both showed linearity and no lack of adjustment. 

For TMP presents in HAIB influent weighted 
calibration of 1/y was used and for SMTX no weighted 
calibration was used. In HAIB effluent, weighted 
calibration of 1/x and 1/x2 were used for TMP and SMTX, 
respectively. The chosen of the weighting factors it was 

based on both lowest relative error and sum of statistical 

error, for these parameters should be lower than 15 % on 

LOQ level. The most analytes showed R2 regression over 

0.99 and no lack of adjustment.

3.4 Figures of merit

Table 2 shows in details parameters such as 

linearity, LOQ, precision intra-day for influent and 

effluent of HAIB bioreactor. The precision intra-days is 

adequate according international and national standards 

(20-22), with values lower than 5%, acceptable for 

complex samples analysis.

Figure 2. Extracted ion chromatogram (XIC) influent bioreactor spiked with 100 ng L-1 of TMP (RT = 4.77 min) and SMTX (RT = 4.93 min). SMTX 254 
> 156; TMP 291 > 123; SMTX-13C 260 > 162 e TMP-D

9
 300 > 123.
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3.5 Bioreactor performance

The bioreactor operated during 37 weeks with 
a HRT of 12 hours. A lab-made sewage was used as 
substrate over the period. The operation on the correct 
HRT was ensure by measuring the flow rate. The mean 
value of the flow was 1.35 ± 0.33 mL min-1 and below 
ideal value (1.39 mL min-1) due to the formation of biofilm 
in the pumping system, providing flow resistance. Flow 
and HRT values over the operation weeks are presented 
in Figure 3.

Parameters such as pH and alkalinity were often 
monitored to ensure that the medium is suitable for 
bacterial growth and do not prejudice the COD and 
antibiotics removal. The data are summarized in the 
Table 3. The mean values of pH remained between 8.25 

Table 3. Validation parameters used in influent and effluent samples of HAIB bioreactor.

Antibiotics Linear range            
(ng L-1) LOQ Precision 

intra-day (%) Weighting (slope/interception)

SMTX - influent 75-500 75 0.040 - 4.8 NA* 1.97 x 101/ 2.34 x 102

TMP - influent 75-500 75 0.51 – 4.3 1/y 1.07 x 101/ 2.62 x 102

SMTX - effluent 75-500 75 0.59 – 4.6 1/x2 4.07 x 101/ 5.41 x 102

TMP - effluent 75-500 75 1.1 – 5.0 1/x 1.35 x 101/ 2.18 x 102

*NA – not applied

Table 4. Mean values of operating variables during the bioreactor operation.

Parameters
Average values (± standard deviation)

Removal efficiency %
influent effluent

Total COD (mg L-1) 452 ± 103 67.3 ± 37.1 84.6 ± 8.30

Alkalinity (mg CaCO
3
 L-1) - 189 ± 31.5 -

pH 8.07 ± 0.08 7.38 ± 0.180 -

SMTX (ng L-1) 212 ± 5.68 <LOQ 96.6 ± 1.66

TMP (ng L-1) 195 ± 10.9 <LOQ 100 ± 0.00

Figure 3. Flow rate and HRT during HAIB operation.
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concentration was very low (200 ng L-1) to cause any 
inhibition on the microorganism metabolism. Aydin 
et al. (2015) observed significant inhibitory effects on 
methanogenesis of a bacterial community after exposure 
to SMTX in concentration above 1 mg L-1 (26).

The SMTX and TMP removal were assessed 
by SPE-online-LC-MS/MS analysis in HAIB effluent 
samples. In some analysis, analytical signal of SMTX and 
TMP was not observed as shown by the chromatogram 
of Figure 5. SMTX and TMP removal were 96.60 ± 
1.66% and 100 ± 0.00%, respectively (Figure 6). In 
several analyses, TMP concentration was lower than the 
LOD, therefore it was considered a removal efficiency 
of 100%. For SMTX, in some samples it was possible 
to obtain signal above LOQ which explain a sligh 
lower removal efficiency. The removal rates obtained 
found in our study are similar to those found by Feng et 
al.(2017) which applied anaerobic batch reactors to treat 
antibiotics present in pig manure. These authors reached 
removal efficiency higher than 98% for both SMTX and 
TMP. However, concentration level were higher (µg L-1) 
and the manure digestion spent 40 days while the HAIB 
bioreactor obtained the same efficiency in only 12 hours. 

and 7.00 in the acceptable range to avoided anaerobic 
metabolism inhibition (24,25).

The mean COD removal efficiency was 84.6 ± 
8.30 % (Figure 4). Both SMTX and TMP were added in 
lab-made sewage in 29 weeks of operation, when HAIB 
bioreactor has already reached the steady-state regimen. 
Over this period was not observed changes in the 
COD removal. This was expected since the antibiotics 

Figure 5. Extracted ion chromatogram (XIC) of SMTX (a) and TMP (b) present treated effluent by HAIB bioreactor.

Figure 4. COD removal by HAIB bioreactor over the weeks of 
operation. Filled square influent stream, white triangle effluent stream, 
asterisk removal efficiency. 
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removal and above 81% for organic matter degradation 
were obtained. HAIB bioreactor shows as promising 
technology for antibiotics removal present in sewage 
which provides basis for new studies pilot-scale 
anaerobic bioreactors.
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Figure 5 is a represents results obtained during 4 weeks 
of operation.

Conclusion 

The method SPE online-LC-MS/MS was 
essential to monitor SMTX and TMP present in influent 
and effluent samples. Moreover, this method was 
fundamental to evaluate removal efficiency of SMTX 
and TMP in HAIB bioreactor present in concentration 
level ng L-1. The bioreactor was successful for removal 
of organic matter and also for antibiotics at 200 ng L-1 
in a TDH of 12 hours. Rates above 90% for antibiotic 

Figure 6. SMTX (a) and TMP (b) removal by HAIB bioreactor over 4 weeks of operation. Filled square influent stream, white triangle effluent stream, 
asterisk removal efficiency.
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