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ABSTRACT 
 
The occurrence of antimicrobial resistance (AMR), resulting from 
improper use and handling of antibiotics , poses a significant threat 
to global health, food security, and sustainable development. One 
major cause of AMR is the misuse of antibiotic substances in the 
livestock and veterinary industries, where 93,000 tonnes of 
antibiotics were sold and consumed by the livestock industry in 
2017, with an expected increase of 11.5% by 2030. Approximately 
80% of livestock receive antibiotic treatment, and up to 75% of 
these compounds are excreted, eventually entering environmental 
waters and affecting aquatic biota. In the Philippines, data on 
antibiotic contamination, particularly in aquatic environments, 
remain scarce. This study investigates the presence and fate of 
seven veterinary antibiotics—amoxicillin (AMX), ampicillin 
(AMP), penicillin G (PenG), tetracycline (TET), oxytetracycline 
(OTC), sulfamethazine (SMZ), and sulfamethoxazole (SMX)—in 
the surface waters of the Upper Pampanga River and its tributaries 
in Nueva Ecija. Water samples from various localities were 
analyzed using a validated LC-MS/MS-ESI-Positive (MRM) 
method, following an optimized Solid Phase Extraction (SPE) 
procedure. The method demonstrated fitness for purpose in 
determining antibiotics in river water with R2 values of >0.999 at a 
working range of 0.5-3.0 ng/mL, detection limits ranging from 
0.046–0.065 ng/mL, and recovery values between 63.0–113% with 
precision values of 0.89-4.14% RSD. Five of the seven targeted 
antibiotics—PenG, TET, OTC, SMZ, SMX—were detected above 
the established limits, with concentrations ranging from 0.170 to 
9.35 ng/mL. OTC, SMZ, and SMX were consistently found across 
all sampled sites, with OTC having the highest concentration (9.35 
ng/mL) detected in Science City of Muñoz, where five antibiotics 
were present. Moreover, the stability test revealed that the 
antibiotics follow pseudo-first-order kinetics, with half-lives of 

1.58-2.74 days, which is shorter than those previously reported in 
the literature. This finding may indicate that the substances present 
in the matrix catalyze the degradation of antibiotics thus affecting 
their stability. This study is the first to report the occurrence of 
antibiotics in surface waters of the Upper Pampanga River Basin. 
It is also the first to report the stability of these antibiotic substances 
in the said area. Further studies are recommended to investigate the 
degradation mechanisms of these substances and assess their 
ecological impact. 
 
 
INTRODUCTION 
 
Antibiotics are small-molecule compounds of variable origins 
administered at controlled doses to inhibit or kill pathogens in 
humans and animals. In the livestock industry, antibiotics are also 
utilized as growth promoters to enhance animal’s resistance to 
stress-related illness (Bentley and Bennet, 2003). Despite their 
importance in the twentieth-century medicine, concerns persist 
regarding overuse, disposal, and environmental impacts. One 
major consequence of antibiotic overuse is the emergence of 
antibiotic-resistant bacteria. Misuse and overuse of antimicrobials 
across human, animal, and plant sectors accelerates the evolution 
of drug-resistant pathogens, contributing to AMR-a phenomenon 
in which bacteria no longer respond to commonly used antibiotics, 
making infections more difficult to treat (Khalid Ahmed et al., 
2024). 
 
A key driver of AMR is extensive antibiotic use in livestock 
production (Low et al., 2021). Global veterinary antibiotic sales 
reached 93,309 tonnes in 2017 and are projected to rise to 104,709 
tonnes by 2030 (Tiseo et al., 2020). Up to 75% of administered 
antibiotics may be excreted (Xu et al., 2022), and these residues 
can enter aquatic environments. Conventional wastewater 
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treatment focuses primarily on particulate removal and may not 
effectively eliminate many antibiotics and metabolites. Antibiotics 
may also be transported in the aqueous phase or sorbed to 
suspended solids, which can later release these compounds back 
into water. In aquaculture, antibiotics may enter aquatic systems 
through feed leaching or direct treatment. Once present, antibiotics 
can undergo abiotic and biotic transformations that affect 
bioavailability and bioactivity and may contribute to AMR (Segura 
et al., 2009). 
 
Determination of antibiotics in water samples is challenging due to 
the low analyte concentrations, matrix complexity, and the diverse 
physicochemical properties of antibiotics. Environmental waters 
also often contain mixtures of antibiotic classes, requiring highly 
selective methods. In lieu of these considerations, Liquid 
Chromatography-Tandem Mass Spectrometry (LC-MS/MS) is 
well-suited because many antibiotics are polar, non-volatile, and 
thermally labile. Other screening approaches often rely on LC-
MS/MS for confirmation and quantification (Hernandez et al., 
2007).. Antibiotic analysis typically requires sample clean-up and 
pre-concentration to mitigate matrix effects, commonly performed 
using solid-phase extraction (SPE) with hydrophilic-lipophilic 
balance (HLB) cartridges. Through this analytical method, 
successful identification of multiclass antibiotics in river water 
through untargeted analysis (Ibañez et al, 2009) was realized. It was 
also crucial for the simultaneous quantification of 6 antibiotics in 
groundwater through targeted analysis (Kivits et al., 2022). 
 
In the Philippines, studies on antibiotic consumption and 
environmental fate-particularly in aquatic systems-remain limited. 
Surveys in swine and poultry farms have identified several 
commonly used antibiotics. It was reported that that enrofloxacin 
(36%), amoxicillin (27.0%), colistin (17.0%), and tetracyclines 
(39% for backyard farms) were the most used antibiotics (Barroga 
et al., 2020). While local work has often focused on residues in 
livestock products, recent studies have begun to examine 
antibiotics in surface waters, including sulfonamides detected in 
major river and bay systems. For instance, SMZ was detected in 
Agusan River system and Macajalar bay with concentration of 765 
ng/mL in the bay area and 58.4 ng/mL upstream (Mariano et al., 
2023). SMX was detected in Metro Manila’s aquatic systems; 
Laguna Lake (34.3 ng/L), Pasig River (63.0 ng/L), and Manila Bay 
(34.3 ng/L)  Despite these reports, comprehensive assessments of 
common veterinary antibiotics remain scarce, particularly in the 
Upper Pampanga River Basin, Nueva Ecija. Regulatory limits for 
antibiotics in Philippine aquatic environments have also not been 
established. 
 
This study developed an optimized SPE-LC-MS/MS method to 
simultaneously assess seven commonly used veterinary antibiotics 
in the Philippine livestock industry: beta-lactams (AMX, AMP, 
and PenG), tetracyclines (TET and OTC), and sulfonamides (SMZ 
and SMX). The validated method was applied to surface waters of 
the Upper Pampanga River Basin in Nueva Ecija, where numerous 
livestock farms are located near Pampanga River tributaries. 
 
 
MATERIALS AND METHODS 
 
Chemicals and Standards 
The standards for the antibiotics AMX, AMP, PenG, OTC, TET, 
SMZ, and SMX were provided by the Arphilake Project and the 
Philippine Institute for Pure and Applied Chemistry (PIPAC). 
Solvents such as the LC-MS grade acetonitrile, methanol, and 
water were purchased from Chemline Scientific Corporation, while 
the Strata-X HLB SPE 200 mg/3mL cartridges were purchased 
from Phenomenex USA. The Department of Chemistry at Ateneo 
De Manila University provided other reagents such as formic acid 
(LC-MS and AR Grade), Ammonium Hydroxide (AR Grade), and 
EDTA (AR Grade). Individual stock solutions with a concentration 
of 100 μg/mL were prepared by dissolving the appropriate amount 

of antibiotic with suitable solvents and stored in a freezer 
maintained at -20°C and amber vials to prevent degradation. A 500 
ng/mL mixed antibiotic working standard was prepared from 
individual stock solutions and diluted with 0.1% formic acid (F.A.) 
in water. This standard, which was prepared on a weekly basis was 
used for method development, spiking in recovery experiments, 
and preparation of calibration standards.  
 
Instrumentation 
A triple quadrupole Shimadzu 8040 Series LC-MS/MS located at 
PIPAC, Ateneo de Manila University campus, was used for this 
study. Chromatographic separation was performed using an 
Intersustain C-18 column (2.1 x 150mm, 3 μm particle size), which 
was maintained at 40°C. The mobile phases used for this study 
were water (A) and acetonitrile (B), each modified with 0.1% 
formic acid, and delivered at a flow rate of 0.2ml/min. The mobile 
phase was delivered via binary gradient: 0min, 5% B; 3min, 20%B; 
4 min, 30%B; 12 min, 99%B; 15 min, 5% B and maintained for 3 
min for column re-equilibration. Injection volume was 10μL. Mass 
separation was performed on a triple quadruple mass spectrometer, 
with analytes ionized in positive electrospray ionization (ESI+) 
mode. Nitrogen was used as the nebulizing gas at 2L/min and as 
the drying gas at 15L/min, while the desolvation line (DL) 
temperature was set at 250°C and the heat block temperature was 
set at 350°C. The collision energies, using argon as the collision 
induced dissociation (CID) gas, were optimized for each antibiotic. 
Two (2) multiple reaction monitoring (MRM) transitions were 
selected per compound (Q for quantification transition and I for 
identification transition), and the ratio between the peak areas of 
the Q and I was measured. The data for LC-MS/MS analysis were 
acquired and processed using Shimadzu Lab solutions software, 
and imaging and graphics were processed using OriginLab Pro 
2025. 
 
Method Development and Validation 
The validation of the analytical method to determine the extent of 
occurrence of antibiotics in environmental waters was carried out 
by evaluation of linearity, limit of detection, limit of quantitation, 
recovery, and precision, which was based on the Eurachem Guide 
(2014). Linearity is evaluated using the square of the regression 
coefficient (R2), and linearity was assumed when the R2 value for 
each antibiotic is ≥ 0.999. The limit of detection was estimated 
through the signal-to-noise ratio (S/N) of 3 using the formula  
𝐿𝑂𝐷 = !"#$%&	()*+$	,"-.∗0

(/2
, while the limit of quantitation was 

estimated as 𝐿𝑂𝑄 = 𝐿𝑂𝐷 ∗ 3.3. Recovery tests were conducted 
where the matrix sample was spiked with a known concentration 
of analyte and analyzed through the entire method. The % recovery 
was calculated using the formula %𝑅𝑒𝑐𝑜𝑣𝑒𝑟𝑦 = ,34,5

,0
𝑥100% , 

where C1 is the concentration of the spiked sample, C2 is the 
concentration of the blank, and C3 is the theoretical spike 
concentration. Acceptable recovery values are between 60-115% 
since the expected concentration is at 1-10 ng/mL. Precision was 
measured using the same set of samples used in the recovery test. 
The relative standard deviation (RSD) values were calculated and 
considered satisfactory when the RSD values were ≤20% in 
repeatability conditions. 
 
Optimization of SPE Conditions 
To improve the extraction of antibiotics in water samples, the 
conditions for SPE were optimized based on solution pH, elution 
solvents, and the addition of ethylenediaminetetraacetic acid 
(EDTA) in samples. The solution pH is a crucial factor in the 
successful determination of antibiotics, as it influences the 
chemical properties and extraction efficiencies. At the same time, 
EDTA addition allows the chelation of minerals present in the 
sample. The impact of each optimization parameter on extraction 
efficiency was evaluated using triplicate analyses, and the mean 
recoveries guided the selection of final SPE conditions. 
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Sampling Sites 
The sampling sites selected for this study were primarily located in 
the province of Nueva Ecija, except the municipality of Arayat in 
Pampanga, where the convergence point of the different tributaries 
was located. The said sampling sites were selected due to the 

presence of significant livestock activities in their location, and 
where different tributaries of the Pampanga River pass through, 
shown in Figure 1. Table 1 summarizes the general information of 
the different sampling sites including the sampling parameters. 
 

Table 1: The Different Sampling Sites Selected for the Study 

Code City Tributary 
Represented Sampling Coordinate 

Sampling Parameters 

Sampling 
Time pH 

Temp, 

°C 

TDS, 

μg/mL 

SJC San Jose City, Nueva 
Ecija Talavera River 15.755435, 121.013914 0814H 8.36 28.9 196 

SCM Science City of 
Muñoz, Nueva Ecija Ilog Baliwag 15.720936, 120.880771 1638H 8.35 31.0 186 

PAL Palayan City, Nueva 
Ecija Cabu River 15.524355, 121.063284 1042H 7.96 31.1 260 

PEN 
Municipality of 

Peñaranda, Nueva 
Ecija 

Peñaranda 
River 15.348885, 121.063085 1140H 8.99 31.9 225 

CAB Cabanatuan City, 
Nueva Ecija 

Pampanga 
River 15.464899, 120.935706 1431H 8.19 31.5 223 

ARA Municipality of 
Arayat, Pampanga 

Pampanga 
River 

(Convergence 
Point) 

15.166238, 120.783160 1311H 8.46 32.6 226 

Sampling 
The sampling of river water was conducted on May 18, 2025. 
Samples were collected at 0.5m depth using a bucket via grab 
sampling. The collected samples were tested for sampling 
parameters such as pH, temperature, and total dissolved solids, and 
immediately transferred to a clean, pre-treated 1L amber glass 
bottle without headspace. The samples were preserved using 1% 
sodium azide and were stored in a cooler at 4°C and away from 
light during transport to the laboratory. Upon arrival at the 
laboratory, the samples were filtered using a 0.7 μm glass 
microfiber filter to remove the particulates. Solid-phase extraction 
and analysis were done within 48 hours of storage to avoid 
degradation. 
 
Solid Phase Extraction and LC-MS/MS Analysis 
The extraction and pre-concentration were realized using HLB SPE 
cartridges. Conditioning of the SPE column was done with 2 mL 
of methanol 3 times, followed by equilibration with 2 mL of 
0.1%FA in water. A 100 mL sample was loaded onto the SPE 
column and allowed to pass through with the column with the aid 
of a vacuum pump at a rate of 1.5mL/min. After loading, the 
columns were washed with 3 mL of neutral water twice. The SPE 
columns were dried under vacuum for 5 minutes and eluted using 
methanol of different pH levels. The eluate was collected and dried 
via nitrogen gas purging and was reconstituted with 1 mL of water 
and transferred to an amber vial for LC-MS/MS analysis. 
 

 
Figure 1: Map of Upper Pampanga River Basin depicting the sampling 
sites. 

The samples were analyzed in the LC-MS/MS based on the 
optimized conditions that resulted from the method development 
and validation section of this study. Concentrations of antibiotics 
in the samples were calculated by the external standard method 
based on the peak area of the quantification. The Q/I ion ratio must 
be within the ±30% range relative to the average Q/I ion ratio of 
standards to confirm the presence of the analyte, which was 
adapted from the SANTE/11813 (2017). 
 
Stability Test  
The stability of antibiotics was evaluated using previously 
established methods with context-specific modifications (Gozlan et 
al., 2013; Fabregat-Safont et al., 2021). In this study, a river water 
sample was spiked with 30-50 ug/mL of each antibiotic and stored 
in a clear glass container under ambient temperature and lighting 
conditions in order to simulate realistic environmental exposure. In 
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contrast to the cited studies which used higher spiking 
concentrations, refrigerated storage or simulated matrices, this 
approach used in study aimed to reflect the more realistic river 
conditions.  Analysis was performed and antibiotic concentrations 
were monitored at defined time intervals (0, 3, 6, and 10 days), to 
assess the behavior of these antibiotics under these conditions. 
 
 
RESULTS AND DISCUSSION 
 
Optimization of Detection Conditions 
The first step for this study was to optimize the detection conditions 
of the liquid chromatography-tandem mass spectrometry in order 
to detect and quantify the seven antibiotics belonging to three 
major classes commonly used in the livestock industry, as 
summarized in Table 2. A Q3 scan was performed to identify the 
precursor mass ([M+H]+) of each antibiotic, which is followed by 
the determination of ion transitions through product ion scan and 

subsequent determination of optimized collision energies. Two 
product ion transitions were selected for multiple reaction 
monitoring (MRM) acquisition mode for better selectivity, shown 
in the chromatogram in Figure 2. The working range was 
determined using calibration points prepared from a mixed 
antibiotic standard solution (0-100 ng/mL), and all antibiotic 
substances had an R2 value of ≥ 0.999. However, since the expected 
concentration from the river samples based on literature is between 
0-5 ng/mL (Tlili et al., 2016), the most appropriate linear range for 
this study was determined using a 6-point calibration (0.5, 1.0, 1.5, 
2.0, 2.5 & 3.0 ng/mL). The method was developed around these 
linear range and all antibiotic substances have an R2 value of ≥ 
0.999. The instrument detection and quantitation limits were 
estimated through signal-to-noise (S/N) ratio. They are 
summarized in Table 3 below. To ensure consistency, the mean 
quantifier to identifier (Q/I) ion ratio for each ion transition must 
have an RSD value of ≤20%. 
 

 
 

Figure 2: LC-MS/MS chromatogram of the antibiotic standards, including their ion transitions: (A) AMX, (B) AMP, (C) PenG, (D) OTC, (E) TET, (F) 
SMZ, and (G) SMX. 

Table 2: Optimal conditions for the detection of antibiotics 

Antibiotic Exact Mass, amu Retention 
Time, min 

Precursor Ion 
[M+H]+, m/z 

Product Ions 
(Quantifier, 

Identifier), m/z 

Collision Energies 
(CE), eV 

      
AMX 365.1045 5.1 366.2 349.1, 208.0 9.0,13.0 
AMP 349.1096 6.1 350.1 106.1, 192.1 30.0, 17.0 
PenG 334.0987 6.6 335.1 128.0, 176.1 28.0, 26.0 
OTC 460.1482 6.3 461.2 426.2, 444.1 21.0, 17.0 
TET 444.1533 6.4 445.1 410.1, 427.1 20.0, 14.0 
SMZ 278.0837 7.4 279.1 186.1, 156.0 18.0, 20.0 
SMX 253.6521 9.0 254.1 156.0, 108.0 16.0, 30.0 

Table 3: Performance characteristics of the LC-MS/MS method 
Antibiotic R2 LOD, ng/mL LOQ, ng/mL Mean Q/I ion ratio (n=6) % RSD, Q/I ion ratio (n=6) 

AMX 0.9996 0.049 0.162 2.71 9.70 
AMP 0.9991 0.065 0.213 2.06 5.21 
PenG 0.9994 0.048 0.157 1.96 9.64 
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OTC 0.9995 0.054 0.180 8.59 3.34 
TET 0.9993 0.046 0.152 2.30 4.89 
SMZ 0.9995 0.047 0.156 2.23 1.56 
SMX 0.9998 0.048 0.158 1.39 7.30 

Optimization of Extraction Conditions 
SPE has been consistently used as the primary sample preparation 
technique for the analysis of antibiotics in different sample 
matrices such as soil and water samples. However, the inherent 
nature of the river water matrix for this study necessitates the 
optimization of extraction conditions to maximize the recovery of 
antibiotics. Since the mechanism of retention and elution is heavily 
dependent on the polarity of the analytes, the optimization focuses 
on three parameters: elution solvent, pH of solution, and level of 
EDTA addition. While methanol is a widely accepted elution 
solvent, the different properties of antibiotics suggest the need to 

modify methanol to different pH levels. In this study, 5% formic 
acid (F.A.) in methanol, 7% ammonium hydroxide (NH4OH) in 
methanol, and a combination of 5% F.A. in methanol followed by 
7% NH4OH in methanol were tested, which were spiked with 20 
ng/mL of each antibiotic, shown in Figure 3A. The 5% F.A. in 
methanol eluted PenG and TC, while 7% NH4OH in methanol 
eluted PenG and SMZ at acceptable recovery levels. When the 
elution solvents were combined, SMX and SMZ were eluted at 
acceptable recovery levels. Improvements in the recovery levels 
were noticed for the rest of the antibiotics. 
 

 
Figure 3: Recovery of antibiotics based on different optimization conditions: (A) elution solvent used. (B) solution pH, and (C) EDTA addition.

The extraction optimization proceeded with studying the effect of 
solution pH on the antibiotic recovery, since antibiotic substances 
behave differently at different pH levels due to the presence of 
multiple pKa values.   Solutions of different pH levels (pH 2, 3, 4, 
5, and 7) were prepared and spiked with 2.0 ng/mL of each 
antibiotic and subjected to SPE extraction using the optimized 
elution solvent. The results show (Fig. 3B) that the recoveries were 
improved at pH 4, and almost all antibiotics are within the 
acceptable recovery levels. While AMX has a recovery value of < 
60%, the recovery value at pH 4 was 40%. The varying recovery 
rates observed in the optimization of elution solvent at different 
conditions and the solution pH could be attributed to the 
amphoteric properties of the antibiotics being studied. β-lactams 
contain a carboxylic acid group with pKa values of 2-3, and for 
AMX and AMP, an amino group with pKa values of 7-8. 
Tetracyclines can form salts with both acids and bases in aqueous 
solution due to the presence of 3 pKa values, while sulfonamides 
can be weakly alkaline due to anilinic nitrogen or can be weakly 
acidic due to N-H   bonds in the sulfonamidic group (Tong et al., 
2009). 
 
River water is considerably laden with minerals such as Na+, Ca2+, 
Mg2+, K+. HCO3

-, Cl- and SO4
2- and other minerals (Sugiyama et 

al., 2016). These may affect or interfere with antibiotics of interest, 
thus a metal complexing agent such as EDTA are added to the 

water sample to chelate some metal ions, such as Ca2+ and Mg2+ 
that bind with antibiotics. This improve the extraction of the 
antibiotics, and therefore, the effect of EDTA addition was also 
studied. A 2% solution of EDTA was prepared and added to the 
matrix at different levels (0, 0.5, 1.0, 2.0, and 3.0 mL), as shown in 
Figure 3C. It can be observed that all antibiotics are within the 
acceptable recovery levels when the solution is added with 1.0 mL 
of EDTA solution. However, excessive addition of EDTA may 
increase the recovery values of OTC, TET, and SMX beyond 
acceptable levels. Higher recovery rates beyond the acceptable 
recovery values relative to the higher amount of EDTA added to 
the solution were also observed in a previous study (Wang et al., 
2023). This can be attributed to the enhanced matrix effects, in 
particular, in matrices that contain higher amounts of humic acid. 
Moreover, the higher recovery rates, even at lower pH extraction, 
can be attributed to the high formation constants of the ions present 
in the matrix with EDTA. Based on the extraction condition 
optimizations, the SPE procedure was revised. The samples must 
be added with 1.0 mL of 2% EDTA solution, adjusted to pH four 
before sample loading, and then eluted with 5% F.A. in methanol, 
followed by 7% NH4OH in methanol. 
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Table 4: Recovery and RSD results for the proposed method 
Antibiotic Day 1 Day 2 Inter-Day Precision Reference  %Recovery* %RSD* %Recovery* %RSD* %Recovery %RSD 

AMX 63.0 3.48 77.99 4.23 70.5 15.1 Fabregat-Safont et 
al, 2021 

AMP 62.9 0.55 77.94 5.26 70.4 15.1 Fabregat-Safont et 
al, 2021 

PenG 110 4.14 90.97 1.01 101 13.5 Fabregat-Safont et 
al, 2021 

OTC 74.2 1.50 70.19 1.55 72.2 3.97 Zhang et al, 2024 
TET 79.4 2.19 94.61 1.76 87.0 12.4 Zhang et al, 2024 
SMZ 81.7 3.64 85.44 4.49 83.6 3.14 Zhou et al, 2012 
SMX 103 0.89 96.24 5.56 99.8 5.03 Tlili et al, 2016 

*n=3 

Recovery and precision tests were conducted based on the 
developed SPE-LC-MS/MS method, as summarized in Table 4. A 
river water sample was spiked with 2 ng/mL of each antibiotic and 
was allowed to run through the entire method in triplicate. In 
repeatability conditions (intra-day), the % recoeedof 0.55% to 
5.56%. In reproducibility conditions (inter-day), the % recovery 
ranged from 70.4% to 101%, with % RSD values of 3.97% to 
15.1%. These results imply that the method provides acceptable 
recovery and precision in trace level antibiotics found in river 
water, thereby demonstrating that the method was successfully 
validated.  Relevant studies with similar SPE-LC-MS/MS 
protocols that targets structurally related antibiotics in river water 
matrices are cited in Table 4. For instance, recoveries of β-lactam 
antibiotics were made possible through the use of Oasis HLB SPE 
cartridges, which highlights its applicability to this antibiotic class 
(Fabregat-Safont et al., 2021). Moreover, tetracyclines were 
extracted from the surface water through pH adjustment (Zhang et. 
al., 2024), which aligns to this study’s approach of adjusting the pH 
to improve extraction. SPE extraction was also employed to extract 
multi-residue sulfonamides in environmental waters through 
similar ion transition monitoring (Zhou et al., 2012; Tlili et al., 
2016). While these cited studies differ in sampling sites, brand of 
SPE kits and target antibiotics per reference, they employed similar 
SPE-LC-MS/MS workflows and targeted structurally related 
antibiotics, providing contextual relevance for the methodological 
approach and analytical scope of this study.  The developed SPE-
LC-MS/MS method for this study offers improvements by 
considering the cocktail nature of antibiotics found in nature, 
extracting these substances at suitable pH levels, and minimizing 
interference from other substances. In addition, this study takes into 
account the Q/I ion ratio as another criterion in determining the 
occurrence of antibiotic substances in the environment. 
 
Testing the River Waters of the Upper Pampanga River Basin 
The validated method was applied to the analysis of river waters of 
the different tributaries of Upper Pampanga River Basin, an 
economically important body of water that is vital for the 
agriculture and livestock industry of the Province of Nueva Ecija. 
The occurrence of the seven veterinary antibiotics was determined 
from six sampling sites: SJC, SCM, PAL, PEN, CAB, and ARA. A 
sample chromatogram of analyzed river water sample from SCM 

in comparison with each antibiotic standard is shown in Figure 4. 
Table 5 and Figure 5 present the individual concentration of each 
compound. A quality control (QC) sample of river water spiked 
with 2.0 ng/ml of antibiotics was also analyzed. AMX and AMP 
 

 
Figure 4: LC-MS/MS chromatogram showing the reference compounds 
in comparison with river water sample taken from SCM. 

were not detected on all sampling sites, while OTC, SMX, and 
SMZ were present in all sampling sites. Five out of seven 
antibiotics were detected in SCM and ARA, with antibiotic 
concentration ranges for these areas being 0.69-9.35 ng/mL and 
0.77-6.28 ng/mL, respectively. OTC has the highest concentrations 
at SCM (9.35 ng/mL) and ARA (6.28 ng/mL), followed by SMX 
at SCM (7.25 ng/mL) and SJC (6.89 ng/mL). PenG, a β-lactam 
antibiotic, was detected in all sampling sites except PEN, with the 
highest concentration at ARA (4.13 ng/mL). In contrast, TET was 
detected only in SCM (1.41 ng/mL) and ARA (0.77 ng/mL). It can 
also be noted that, generally, as the sampling point goes 
downstream, the antibiotic concentration decreases, but suddenly 
increases at sampling point ARA. 
 
 
 
 
 
 

Table 5: Individual concentrations of antibiotics in different sampling sites 

Antibiotic Sampling Location and Concentration (ng/mL) QC Sample 
SJC SCM PAL PEN CAB ARA % Recovery* % RSD* 

AMX n.d n.d n.d n.d n.d n.d 90.2 3.64 
AMP n.d n.d n.d n.d n.d n.d 77.9 8.12 
PenG 0.44 3.17 2.11 n.d 1.56 4.13 71.3 1.29 
OTC 1.02 9.35 3.98 1.58 2.82 6.28 96.2 5.56 
TET n.d 1.41 n.d n.d n.d 0.77 70.2 1.55 
SMZ 0.17 0.69 5.7 0.35 0.57 0.91 85.4 4.49 
SMX 6.89 7.25 3.24 2.06 1.36 1.38 113.7 1.46 

n.d: not detected; *: n=3 

 The high concentration and persistence of OTC may be attributed 
to the presence of Ca2+ and Mg2+ in the matrix, as it establishes 
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strong complexes with OTC (Leal et al., 2018). Upon the addition 
of EDTA, Ca2+ and Mg2+ are chelated, thereby releasing OTC and 
enabling its detection. On the other hand, sulfonamides particularly 
SMX are frequently detected in wastewater and are not completely 
degraded through conventional wastewater treatment processes.  
As a result, more advanced methods, such as ozone treatment, are 
required for their removal (Liu et al., 2021). Consequently, these 
compounds are often still detected in river water. Studies involving 
PenG reported that wastewater treatment plants that employ 
anaerobic, hydrolysis, and two aerobic treatment processes in 
succession reduce the PenG concentration to as low as 1.68 ug/L. 
However, such a low concentration can also be attributed to the 
transformation of PenG to its degradation products such as 
penillolic and pencilloloc acids (Li et al., 2007). Thus, any 
detection of PenG in river water may be attributed to the poor 
wastewater treatment plants in farms nearby. While AMX is 
reported to be one of the most commonly used antibiotics in the 
Philippines (Barroga et al., 2020), it is not detected in all sampling 
sites, which can be attributed to the instability of AMX and thus, 
determination of AMX in the aquatic environments tends to be 
challenging (Fabregat-Safont et al., 2021). 
 

 
Figure 5: Individual concentrations of antibiotics in different sampling 
sites. 

In the different Philippine rivers, the occurrence of SMX (63.0 
ng/L) in Pasig River (Suzuki et al., 2013), SMZ (58.4 ng/mL) in 
Agusan River (Mariano et al, 2023), cefalexin (4.45 ng/L), 
doxycycline (3.99 ng/L), erythromycin (47.1 ng/L), levofloxacin 
(2.95 ng/L), sulfamethoxazole (102 ng/L) and trimethoprim (24.0 

ng/L) in Angat, Lower Pampanga, Marikina and Pasig Rivers (Sta 
Ana et al., 2024) were reported. For this study, the sampling points 
were chosen near livestock farms; thus, it can be inferred that the 
majority of the detected antibiotics originated from the farms near 
the sampling points. However, this is not true for ARA, as this 
sampling point is situated in the downstream section of the river, 
where several communities along the banks of the Upper 
Pampanga River upstream of this location may contribute to the 
discharge of antibiotics. It can be inferred, based on the results of 
this study, that PenG, OTC, TC, SMZ, and SMX were detected in 
the Upper Pampanga River Basin and its tributaries and can be 
attributed to the livestock growing operations in the area. This is 
the first study to report the presence of these antibiotics in the 
aquatic environment of the Upper Pampanga River Basin. Finally, 
while the antibiotic concentrations reported in this study are 
relatively low, they can be considered either subinhibitory or non-
lethal, which may induce diverse biological responses in bacteria, 
triggering different cellular responses that may include an altered 
antibiotic resistance/tolerance profile of the bacteria (Bernier & 
Surette, 2013). This study recommends that policymakers and 
other relevant agencies consider antibiotic testing and monitoring 
of livestock farms, and set a minimum regulatory limit for the most 
commonly used antibiotics in the Philippine livestock industry. 
 
Stability Test 
The method developed was also used to determine the 
concentration of antibiotics in a stability experiment, which aimed 
to determine the stability of the antibiotics in the river water matrix. 
The results shown in Figure 6 and Table 6 revealed that the 
antibiotics followed a pseudo-first-order reaction, which assumes 
that the concentration of the matrix is much greater than the 
concentration of the antibiotics tested. The results show that AMX 
has the largest rate constant and shortest half-life at 1.58 days, 
while the sulfonamide SMZ has the lowest rate constant and the 
longest half-life at 2.74 days. The stability test also revealed that 
the β-lactam antibiotics have half-lives of less than 2 days when 
compared to the rest of the antibiotics, which can be attributed to 
the poor stability of the β-lactam ring structure in environmental 
waters (Borrull et al., 2020). Thus, this antibiotic class are reported 
to have half-lives of 1.4-9.3 days at pH 7-9 (Mitchell et al., 2014). 
Sulfonamides are known to be persistent antibiotic pollutant that is 
usually resistant to hydrolysis degradation between pH 7-9 
resulting to longer half-lives of up to > 1 year (Bialk-Bielinska et 
al., 2022). However, in the presence of light, the half-lives of 
sulfonamides were 10.5-12.9 days (Zhang et al., 2013).  
 

Table 6: Kinetic data of different antibiotics in the river water matrix 
Antibiotic Matrix Conditions Amount of Spike Kinetic Parameters 

 pH Temp, 
°C 

TDS, 
ppm 

ng/mL Kobs, 
ng/mL/day 

t1/2, 
days 

R2 

AMX 

8.18 22.6 183 

 
30 
 

0.439 1.58 0.901 
AMP 0.364 1.90 0.929 
PenG 0.403 1.72 0.990 
OTC 

50 
 

0.338 2.05 0.919 
TET 0.278 2.50 0.967 
SMZ 0.253 2.74 0.994 
SMX 0.315 2.20 0.939 
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Figure 6: Antibiotic degradation kinetic plot. 

Tetracyclines are also known to be stable in the environment and 
are known to degrade through hydrolysis. However, their 
degradation products are highly soluble, stable, and are usually 
more toxic than their parent tetracycline. At pH 7, tetracyclines 
have half-lives of 66-112 hours and 136-224 hours at pH 9 (Zhong 
et al., 2022). Based on the data from this study, the rapid 
degradation of antibiotics compared to the literature may be 
attributable to the presence of other substances in the matrix that 
affect the stability of antibiotic substances in the matrix, as 
evidenced by the lower R2 values when calculated through pseudo-
first-order kinetics. While EDTA addition chelated the divalent 
cations such as Ca2+ and Mg2+, some minerals present in river water 
matrix such as HCO3

-, Cl-, and SO4
2- may affect the degradation 

behavior of antibiotics. The presence of Cl- ions showed lower 
degradation rates for OTC and SMZ ion but showed higher 
degradation rates for PenG at increasing Cl- concentration in the 
presence of UV radiation since Cl- ions could react with HO• and 
Cl• to form radicals with weak oxidizing capacity such as ClHO• 
and Cl2

-•. These radicals of weak oxidizing capacity could be 
decomposed back to HO• and Cl• leading to the decreased 
degradation rates of OTC and SMZ and increased degradation rate 
of PenG as a function of increasing concentration (Bin Khalid et 
al., 2025). In the same study, the presence of low SO4

2- 
concentration increases the degradation of penicillin G, 
oxytetracycline and sulfamethazine by 100%, 17% and 21%, 
respectively. This can be attributed to the lower amount of SO4

2- 
ions that are converted to SO4

-• radicals, which promotes 
degradation. Finally, HCO3

- ions promotes degradation of 
antibiotics, particularly PenG, OTC and SMX as the concentration 
of HCO3

- increases, since HCO3
- ions react with HO• radical 

producing a weak oxidant CO3
-•that can sustain degradation over 

longer timeframe and can perform targeted oxidation in complex 
or balanced pH systems (Bin Khalid et al., 2025; Li et al., 2025).  
Thus, future research may focus on elucidating the specific 
degradation mechanisms of these antibiotics in the aquatic 
environment of the Upper Pampanga River Basin and on 
determining the occurrence of their degradation products. 
 
 
CONCLUSION 
 
In this work, a method for the simultaneous determination of the 
occurrence of the seven veterinary antibiotics was validated and 
applied to the surface waters of Upper Pampanga River in Nueva 
Ecija. An SPE-LC-MS/MS method has been optimized based on 
the collision energies of the quantifier and identifier, the ratio of 
the quantifier and identifier, solution pH, elution solvents, and the 
addition of EDTA. The developed method has an instrument limit 
of detection of 0.046-0.065 ng/mL, quantitation limit of 0.152-
0.213 ng/mL, with recovery values of 63.0-110% and RSD values 
of 0.55-4.14% in repeatability conditions, while recovery values of 
70.4-101% and RSD values of 3.14-15.1% were obtained in 
reproducibility conditions.  
 

The results show that 5 out of 7 antibiotics were detected in the 
river, with the highest occurrence at the Science City of Muñoz and 
the Municipality of Arayat. OTC, SMZ, and SMX were present in 
all sampling sites, with OTC exhibiting the highest concentration 
at 9.35 ng/mL, followed by SMX at 6.28 ng/mL in SCM and ARA, 
respectively. These measured values are enough to induce 
biological responses in bacteria, which may result in an altered 
resistance/tolerance profile of the bacteria. The antibiotics are 
degraded in the river matrix, as evidenced by a kinetic study 
conducted, where β-lactam antibiotics have the shortest half-lives 
compared to tetracyclines and sulfonamides. While hydrolysis is 
the primary degradation pathway for these antibiotics, their 
degradation is enhanced by the presence of various substances in 
the matrix. Due to the presence of antibiotics in the Upper 
Pampanga River Basin and their reduced stability in its waters, it is 
recommended that poultry and livestock farms invest in improved 
wastewater treatment facilities to reduce the continuous discharge 
of these substances into the surface waters in the area. At the 
convergence point, some antibiotics are re-emerging, indicating 
that the communities near the river may have been contributing to 
the continuous discharge of antibiotics.  
 
While this is the first study to report the occurrence and fate of the 
most common veterinary antibiotics in the Upper Pampanga River 
Basin using the validated SPE-LC-MS/MS method, future work 
may be needed to determine the degradation pathways these 
antibiotics may take in the surface waters of the Upper Pampanga 
River Basin and determine the extent of occurrence of these 
antibiotic degradation products. 
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