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Antibiotics, as emerging pollutants, pose significant risks to aquatic ecosystems and human health by
disrupting the endocrine systems of aquatic organisms and affecting ecosystem stability through food
chain enrichment. In a study conducted in Hebei Province, China, liquid chromatography-triple
quadrupole-linear ion trap mass spectrometry (LC-TQ-LIT-MS) was used to analyze 90 different
antibiotics in 31 water samples, including surface water, groundwater, and waste leachate from three urban
landfills. This analysis included hormones, broad-spectrum antimicrobials, macrolides, tetracyclines, [-
lactams, sulfonamides, and quinolones. The study’s results indicated that quinolones, B-lactams, and
macrolides were the most frequently detected substances in the landfills. It is noteworthy that the
concentrations of these antibiotics varied significantly among different cities, reflecting local production
and living characteristics. The results of the tests showed that the concentration of amoxicillin was 1171
ng/L in surface water, 811 ng/L in groundwater, and 1926 ng/L of ciprofloxacin in waste leachate.
Furthermore, a consistent pattern was observed between the compounds present in the leachate,
groundwater, and surface water at the three sites. Risk assessments revealed that the ecological risk was
higher for surface water and lower for groundwater.This study is the first to systematically analyze the
pollution status of antibiotics and hormones in the water around the landfill in Hebei Province, which not
only fills the blank of groundwater-related research in Hebei Province but also provides key data support
and theoretical basis for local groundwater hydrological and environmental detection and pollution
prevention.

©2025 China Geology Editorial Office.

1. Introduction

world (Zainab SM et al., 2020). A variety of emerging
contaminants, such as antibiotics, anti - inflammatory drugs,

Antibiotic and hormone drugs are a category of emerging
contaminants (Frieri M et al., 2017), and their frequent
detection in the global aquatic environment in recent years has
triggered widespread concern among the scientific community
and the public (Chen YL et al., 2022). Groundwater is the
main source of freshwater globally, with 97% of the Earth’s
currently available freshwater being groundwater, while the
remaining 3% is mainly surface water. It is considered the
most important source of water supply in many areas of the
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hormonal drugs, antimicrobials, cosmetics, and detergents are
currently and continuously entering the groundwater
environment through metabolic excretion by humans and
animals (Joakim Larsson DG and Flach CF, 2022; Niu Y et
al., 2023), discharge of medical wastes, and disposal of
household products (Cheng DL et al., 2020). Although these
compounds are usually present in the environment in trace
concentrations, their persistence, bioaccumulation, and
potential ecotoxicity may pose a long-term threat to aquatic
organisms, microbial communities, and even human health
(Feng L et al., 2020). It has been shown that some antibiotics
and hormones can disrupt the endocrine system of aquatic
organisms and even affect the stability of ecosystems through
enrichment in the food chain, or even create drug - resistant

Copyright © 2025 Editorial Office of China Geology. Publishing services by Elsevier B.V. on behalf of KeAi Communications Co. Ltd.
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genes or antibiotic resistance (Davies J and Davies D, 2010).
The problem is closely linked to the United Nations
Sustainable Development Goals (SDGs), in particular, the
achievement of clean water and sanitation, climate action, and
protection of groundwater (Crystal YO et al., 2024). The
widespread nature and complexity of this pollution problem
highlight the serious challenges facing the world in terms of
environmental protection and sustainable development (Lee
KH et al., 2020). Therefore, taking effective control measures
to reduce the release of such substances and protect water
resources and ecosystems is not only a necessary action to
achieve the United Nations Sustainable Development Goals
(SDGs) but also a key initiative to safeguard human health
and the ecological future of the planet.

Landfills are considered to be the main pathways for
antibiotics and hormones to enter the environment, and most
studies have focused on the removal efficiency of antibiotics
and hormones by wastewater treatment processes for landfill
leachate (Zhang R et al., 2022). However, as the final disposal
sites of municipal solid waste (Yu X et al, 2020), the
characteristics and ecological risks of antibiotics and
hormones in leachate have not been sufficiently emphasized
(Parvin F and Tareq SM, 2021). Expired medicines, discarded
personal care products, and adsorbent wastes containing
antibiotics and hormones (e.g., diapers, sanitary napkins, etc.)
in landfills may release high concentrations of antibiotics and
hormones through leachate during long-term landfilling
(Seifrtova M et al., 2009). Due to the complex composition of
leachate and the significant influence of site hydrogeological
conditions on contaminant migration (Feng L et al., 2020),
antibiotics and hormones may enter the neighboring water
bodies through subsurface infiltration or surface runoff
(Abiriga D et al., 2020), forming a hidden and persistent
source of pollution (Abdel-Shafy HI et al., 2024). In recent
years, some studies have detected a variety of antibiotic and
hormone drugs in landfill leachate and neighboring
groundwater, but their spatial distribution pattern,
environmental  behavior, and multimedia transport
mechanisms remain unclear (Abd El-Salam MM and Abu-
Zuid GI, 2015).

Antibiotics and hormones have been detected in surface
water and groundwater in many places in China and abroad
(Yu KN et al, 2023). Ofloxacin (31.9 ng/L) and dehydrated
erythromycin (2.2 ng/L) were detected in groundwater and
surface water around hospitals in Wuhan City, with the
overall antibiotic detection concentrations in groundwater
ranging from 13.4 ng/L-38.3 ng/L (Liu K et al, 2024).
Sulfadiazine, sulfamethoxazole, and sulfadimethoxine were
detected in the water bodies of Pudong New Area, Shanghai,
China, at concentrations ranging from 0.07 ng/L—-0.41 ng/L
with a detection rate of 27.3%—45.5% (Pan CY et al., 2020).
Ofloxacin and ciprofloxacin were detected in surface water
and groundwater in Wuxi City, Jiangsu Province, China, with
a concentration range of 1.38 ng/L-31.5 ng/L (Wu HX et al.,
2024). Amoxicillin and cefadroxil were detected in the state
of Sdo Paulo, Brazil, at concentrations ranging from 0.31 ng/L

to 0.71 ng/L, with a detection rate of 66.7%—100%. In Dhaka,
Bangladesh, oxytetracycline, tetracycline, and
sulfamethoxazole were detected at concentrations of 0.06
ng/L-0.64 ng/L, and similar detection rates were observed
(Salma U et al., 2025). At present, research on surface water
and groundwater in Hebei Province mainly focuses on the
detection of inorganic substances, while there is relatively
little research on the contamination of antibiotics and
hormones in water bodies, and there is a lack of basic data
related to surface water and groundwater.

Currently, research on antibiotics and hormones in landfill
groundwater faces multiple challenges: first, the detection
methods for antibiotics and hormones in groundwater are
imperfect, with longer pre-processing time and fewer types of
detected substances, and poor data comparability between
different studies (Gaston L et al., 2019); second, the spatial
distribution of antibiotics and hormones in groundwater is
more complex due to unclear groundwater movement
trajectories. The spatial distribution of antibiotics and
hormones is complex due to unclear groundwater flow
trajectories and significant regional variability (Samadder SR
et al., 2017); third, there is a lack of basic data for testing
typical water bodies in multiple landfills, which cannot
comprehensively reflect the correlation between groundwater
contamination and landfills. Therefore, analyzing the
characteristics of antibiotics and hormones in landfill leachate
and groundwater (Rouhani A et al., 2022) and constructing an
ecological risk evaluation system adapted to the
characteristics of the landfill (Zhou P et al., 2022) are of great
significance for improving the control strategy of emerging
pollutants and guaranteeing the safety of the regional
groundwater environment.

At present, liquid chromatography-mass spectrometry
(LC-MS) is one of the widely used methods for the
determination of antibiotics and hormones, especially suitable
for the precise detection of multiple antibiotics and hormones
in complex matrix samples (Li CQ et al., 2024; Ying JL et al.,
2022). In this study, landfills in three cities with rapid
economic and industrial development in Hebei Province were
selected, and nearby surface water, groundwater, and waste
leachate were collected, and the direct injection method
combined with LC-TQ-LIT-MS was employed to characterize
antibiotics and hormones in landfill groundwater and to
evaluate ecological risks. The method simplifies operational
steps, improves analytical efficiency, reduces costs, enhances
sensitivity, and achieves a detection limit as low as 1 ng/L.
The whole process takes only 20 minutes to complete the pre-
processing and overall analysis of more than 90 antibiotics
and hormones. The results of the study provide a scientific
basis and data support for the development of environmental
management policies for landfill groundwater.

2. Overview of the research area

Hebei Province is located in the northern North China
Plain, with a flat terrain, low elevation, and a topography that
gradually slopes from northwest to southeast. The
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hydrogeological conditions of the region are complex, and the
groundwater and surface water systems play an important role
in regional water supply and ecology. Hebei Province has a
generally shallow water table and a large number of surface
water bodies, which are susceptible to human interference. As
an important province in northern China, Hebei Province
faces increasingly severe environmental pollution problems.
With the acceleration of urbanization and industrialization,
the production of domestic waste in Hebei Province has
increased rapidly. Waste leachate contains a variety of
hazardous substances, which can cause serious pollution to
the surrounding soil and groundwater, as well as exacerbate
the eutrophication of surface water, affecting ecological
functions. As of 2022, there are 126 domestic waste landfills
in Hebei Province, so it is necessary to pay great attention to
the treatment of landfill leachate and explore the occurrence
of organic pollutants in leachate.

Three typical cities in Hebei Province, P, S and X, with
rapid economic and industrial development, were selected as
the study area. These three cities are characterized by diverse
hydrogeological  conditions, significant changes in
groundwater levels, overexploitation of groundwater, and
rapid economic development. Among them, city P has a
serious problem of declining groundwater levels and is an
important site for studying the impact of human activities on
groundwater levels. City S is a city with rapid economic
development, active industrial and agricultural activities, and
a high demand for water resources. City X, another city with
rapid economic development and a groundwater level that
fluctuates greatly due to human influence, is a good location
to study the impact of human activities on water resources.
The collection of surface water and groundwater samples

Lamdliill

from these three cities can provide basic data for assessing the
quality of water resources and the trend of change, which is of
great research value.

3. Materials and methods
3.1. Sample collection

Surface water, groundwater, and waste leachate samples
were collected from the study area according to relevant
standards and Surface water, groundwater, and waste leachate
samples were collected from the study area according to
relevant standards and specifications, as shown in Fig. 1.
Among them, seven surface water and one groundwater
sample were collected in city P, five surface water and three
groundwater samples were collected in city S, eight surface
water and four groundwater samples were collected in city X,
and there was one landfill leachate sampling site in each city.
Surface water, groundwater, and leachate samples were
collected in accordance with the requirements of the relevant
standards (GB/T 18772-2017). The collected samples were
transferred to 15 mL brown glass bottles, placed in a 4°C
refrigerator for transportation, and stored at 4°C protected
from light for 7 days before analysis.

3.2. Reagents and equipment

Methanol, acetonitrile, and ammonia were HPLC grade
and purchased from Merck (Germany), and hormones, broad-
spectrum antimicrobials, macrolides, tetracyclines, B-lactams,
sulfonamides, and quinolones mixed standards were
purchased from Tianjin Alta Company. High-performance
liquid chromatography-triple quadrupole-linear ion trap mass
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Fig. 1. Map of sampling sites in the three cities.
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spectrometer (SCIEX 7500, Sciex, USA), column Kinetex F5
column (100x3.0mm, 2.6um, Phenomenex, USA), centrifuge
(Sigma, Germany).

3.3. Sample preparation

A 100 ml water sample was measured and centrifuged at
high speed. Subsequently, 50 mg Na:EDTA was added to the
water sample and vortexed to mix well. After centrifugation at
high speed for 5 minutes, 1.0 mL of the treated water sample
and 10 pL of the internal standard solution were removed
from the sample, mixed well, and analyzed directly by the
instrument. Laboratory blanks and spiked samples were
inserted into each batch, and the recoveries of target
compounds were controlled at 75%-110% with relative
standard deviation (RSD) <15%.

Instrument operating conditions: ion source type is
electrospray ion source (ESI) and positive ion mode;
Detection method: multi-reaction monitoring (MRM); Spray
Voltage: 2000 V; Ion source temperature: 500 °C; Curtain gas
pressure: 45 psi; Ion Source Gas 1: 60 psi; Ion Source Gas 2:
40 psi; Collision gas pressure: 9 psi.

Mobile phase A was 0.1% (v/v) formic acid aqueous
solution; mobile phase B was acetonitrile. The flow rate was
0.4 mL/min; the injection volume was 100 pL, ESI source,
and multiple reaction monitoring (MRM) modes. The
positive/negative ion mode was synchronized for detection.
The recoveries of the method were 93%-112%, and the
detection limits were 1 ng/L-5 ng/L. Fig. 2 represents the
total ionic current (TIC) plots of 90 antibiotics at a
concentration of 50 ng/L.

3.4. Risk assessment

To calculate the risk quotients (RQs) for each substance,
the Predicted No Effect Concentration (PNEC) of the
substance is first determined. The risk quotient (RQ) is the
ratio of the measured environmental concentration (MEC) of
the target compound to the Predicted No Effect Concentration
(PNEC) of the target compound, and is calculated by the
following formula:

_ MEC

RO= ——
Q PNEC

2.4¢81
2.2¢81
2.0e81
1.8¢81
1.6e81
1.4e81
1.2e81
1.0e81
8.0e71
6.0e7
4.0e7
2.0e74
0.0e0

Intensity/cps

>=2.193

The risk level is categorized as low, moderate, or high if
the RQ value is less than 0.1, between 0.1 and 1.0, or greater
than 1.0, respectively. The PNEC value is obtained by
dividing the acute toxicity data (LC50 or EC50) by the
assessment factor (AF) of 1000. To obtain long-term/chronic
NOEC values for nutrient concentrations only, an AF of 1000,
100, 50, or 10 is used. Toxicity data for multiple species used
in this document are still collected from the literature and the
USEPA ECOTOX database (https://cfpub.epa.gov/ecotox/).

MEC—the detected concentration of the target substance
in the actual sample;

PNEC —Predicted No Effect Concentration for the
substance, calculated from the LD50 or Maximum Half Effect
Concentration (EC50).

4. Results and discussion
4.1. Characteristics of main pollutants

The concentrations of antibiotics and hormonal substances
in 31 samples from three cities were obtained by analytical
tests and are shown in Table S1 (supplementary material),
with concentrations ranging from nd (not detected) to 1926
ng/L. For the analysis of the samples of surface water,
groundwater and waste leachate from three cities in Hebei
Province, the distribution characteristics of the target
compounds showed that quinolone antimicrobial drugs (e.g.,
ciprofloxacin, norfloxacin), B-lactams (e.g., cefazolin), and
macrolides (e.g., azithromycin, lincomycin) showed a
significant trend of enrichment in the three types of water, and
the detection frequency of all of them was more than 65%.
The concentration levels in the waste leachate were
significantly higher than those in surface water and
groundwater, reflecting the preferential mobility and potential
ecological risk contribution of these three types of drugs in
the environmental media surrounding the solid waste landfill.
These three types of drugs are mainly used as human and
veterinary drugs, but due to intestinal absorption problems,
only 30% are absorbed. The remaining unmetabolized
fraction and metabolites are excreted in feces and urine, some
of which go directly to the environment, while the rest go to
wastewater treatment plants (Ma JW et al., 2021). Among
them, amoxicillin, clindamycin, lincomycin, and
virginiamycin were detected in different water bodies with
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Fig. 2. Total ion current diagram (TIC) of 90 antibiotics at 50 ng/L.
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high detection rates and detection concentrations. The
groundwater around the landfills in the three cities was
contaminated to different degrees, and the types of
contaminants were highly consistent with the highly-detected
substances in the waste leachate.

4.1.1. Characteristics of pollutants in surface waters of
landfills

Comparison of the distribution of antibiotics and
hormones in surface water of three cities, as shown in Fig. 3.
A variety of target compounds were detected in the surface
water of City P, with drug concentration levels ranging from
nd-1172 ng/L. The highest concentration of amoxicillin (1172
ng/L) was detected at point JO2 in City P’s surface water. The
remaining points had relatively low concentration levels. The
compounds with high detection rates mainly included seven
substances, such as amoxicillin, clindamycin, lincomycin, and
virginiamycin. Amoxicillin was detected at all points in the
surface water with a high detection rate of 100%.
Clindamycin was detected at 100% of the points with
concentrations ranging from 10.6 ng/L to 28.7 ng/L.
Cefadroxil was detected at several sites with concentrations
ranging from 1.62 ng/L to 14.8 ng/L. Virginiamycin was
detected at concentrations ranging from 3.90 ng/L to 96.2
ng/L with a 100% detection rate. Other substances with a
100% detection rate included megestrol, prednisone, and
miconazole. The main substances detected in surface water
were hormones, macrolides, and B-lactams.

The overall concentration levels of the target substances in
the surface water of City S ranged from nd—605 ng/L. The
highest concentration of penicillin (605 ng/L) was detected at
site JO2 in the surface water. The rest of the points had
relatively low concentration levels. Compounds with high
detection rates mainly included ciprofloxacin, ofloxacin,
penicillin, glyburide, and kynurenine. Ciprofloxacin was
detected at several surface water sites with a detection rate of
40% and an average concentration range of nd-215 ng/L.
Penicillin had a detection rate of 40% and a concentration
range of nd-604 ng/L. Kynurenine had a detection rate of
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100% and a concentration range of 150 ng/L to 253 ng/L. The
detection rate of hydrocortisone and triclosan was relatively
low. Hydrocortisone and triclocarban were detected in
60%—-80% of the samples. The main substances detected in
surface water were quinolones, [-lactams, and certain
hormones.

The overall concentration levels in the surface water of
City X ranged from nd-51.6 ng/L. Compared to the other two
cities, the overall concentrations of the substances detected in
City X were lower, but most of the substances were detected.
Among substances with 100% detection were amoxicillin,

azithromycin, clarithromycin, erythromycin, lincomycin,
dactinomycin, roxithromycin, tilmicosin, tylosin,
medroxyprogesterone acetate, kynurenine oxime,

norethindrone, trenbolone, medroxyprogesterone, cortisone,
hydrocortisone, and triclocarban, with concentration levels
ranging from 3.40 to 201 ng/L. Cefadroxil, lincomycin,
virginiamycin, 17a-estradiol, prednisone, miconazole, and 4-
epioxytetracycline were detected in 50%—87.5% of samples,
with concentrations ranging from 1.11 ng/L to 217 ng/L. The
main types of substances detected in City X were classified
into two major groups: macrolides and hormones.

Compared with the results of this paper, the overall
detected concentrations of target substances in the surface
water of a city in Vietnam were low. In this city, the average
concentrations of several antibiotics were: sulfonamides (118
ng/L) > B-lactams (31.3 ng/L) > quinolones (20.2 ng/L) >
macrolides (17.7 ng/L). The highest concentration of
sulfonamides in surface water was 807 ng/L (Duong HA et
al., 2021). These types of drugs have different characteristics.
Sulfonamides are mainly polar molecules with high water
solubility, low volatility, and high mobility, which make them
easy to transfer and diffuse in the aqueous environment.
Whereas B-lactams are easily hydrolyzed under ambient pH
and temperature. Quinolones are highly polar, typically
amphoteric, and exhibit poor water solubility at pH 6-8. They
are strongly adsorbed by solid substrates rich in organic
matter and metal oxides (Al Fe aqueous oxides, etc.) and also
show chelating potential for transition metal ions, including
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Fig. 3. Comparison of the distribution of antibiotics and hormones in surface water of three cities. a—Map of antibiotic and hormone detection
concentrations in surface waters of three cities; b—map of the proportion of antibiotic and hormone detection substances in surface waters of

three cities.
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copper, lead, zinc, and magnesium. Macrolides are weakly
acidic and lipophilic, but poorly water-soluble, and have poor
adsorption capacity (Jafari Ozumchelouei E et al., 2020).

4.1.2. Characteristics of pollutants in groundwater of landfills

Comparison of the distribution of antibiotics and
hormones in groundwater of three cities, as shown in Fig. 4.
Of the more than 90 target compounds, 10 were detected in
groundwater in City P. The overall concentration levels
ranged from 3.90 ng/L to 81.9 ng/L, with amoxicillin showing
the highest concentration (81.9 ng/L), followed by cefazolin
(19.2 ng/L), virginiamycin M1 (3.90 ng/L), clindamycin (10.8
ng/L), and medroxyprogesterone acetate (6.03 ng/L). The
main compounds with high detection rates were amoxicillin,
cefazolin, and virginiamycin, all with 100% detection rates.
The results of the analysis of 90 compounds showed that there
was a high degree of consistency among the compounds
detected in landfill leachate, groundwater, and surface water.

Eighteen target compounds were detected in the
groundwater of City S. The overall concentration levels
ranged from nd-374 ng/L, with norfloxacin showing the
highest concentration (374 ng/L) and a 100% detection rate,
followed by kynurenine (257 ng/L) > desmethyl-
chlortetracycline (201 ng/L) > glybutyrine (9.03 ng/L) >
sulfamethoxypyridazine (2.55 ng/L). The rest of the sites had
concentration levels below 30 ng/L. The compounds with
high detection rates were mainly clindamycin, norfloxacin,
pefloxacin, amoxicillin, penicillin, lincomycin, kynurenine
oxime, and triclocarban, with detection rates ranging from
66.7% to 100%. The overall detected concentration of
groundwater in City S is low, but there are many types of
detected compounds. Although the overall concentration of
groundwater was low, the prolonged contamination of
groundwater could still pose a threat to the ecological
environment.

Thirty target compounds were detected in the groundwater
of City X. The overall concentration levels ranged from 1.02
to 224 ng/L, with amoxicillin having the highest concentration
level (224 ng/L), followed by virginiamycin (95.4 ng/L),
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sulfamethoxydiazine (86.8 ng/L), glyburide (63.2 ng/L), and
fluconazole (18.0 ng/L). The concentration levels of the
remaining sites were below 30 ng/L. The main compounds
with high detection rates were: cinoxacin, ofloxacin,
lomefloxacin, levofloxacin, cefadroxil, nafcillin, clindamycin,
lincomycin, tilmicosin, virginiamycin, medroxyprogesterone,
testosterone, prednisone, sulfacetamide, sulfamethoxazole,
sulfathiazole, with a detection rate ranging from 50%—100%.
Similar to surface water, groundwater in City X had the
highest number of detected species among the three cities, but
concentrations were generally lower than those in the other
two cities. The northern part of City X is a zone of general
over-exploitation of shallow groundwater, including shallow
groundwater (mainly for irrigation) and deep groundwater
(mainly for drinking water and irrigation).

Seventy-eight antibiotics were detected in groundwater in
areas associated with the Belgian livestock industry, and the
concentrations detected were generally low. Only 7 out of 50
groundwater sites had detected concentrations between
nd-300 ng/L, which is in the same order of magnitude as the
results of this study (Tuts L et al., 2024).

4.1.3. Characteristics of contaminants in waste leachate
Twelve, fourteen, and fourteen target compounds were
detected in the leachate from cities P, S, and X, respectively.
The concentration range of the samples from City P was nd-
1233 ng/L, and amoxicillin was detected at the highest
concentration, followed by 17a-estradiol, cefazolin (23.3
ng/L), clindamycin (28.7 ng/L), and sulfamethoxydiazine
(9.12 ng/L). The samples from City S showed a wider
concentration gradient (nd-1926 ng/L), and ciprofloxacin was
the major contaminant, followed by azithromycin (700 ng/L),
lincomycin (419 ng/L), roxithromycin (283 ng/L), and
norfloxacin (35.0 ng/L). Samples from City X showed a wider
concentration gradient (nd-1131 ng/L), with azithromycin as
the main detected contaminant, and concomitant contaminants
included glyburide (63.2 ng/L), sulfamethoxypyridazine (86.8
ng/L), and fluconazole (180 ng/L). The results showed that
azithromycin, sulfamethoxypyridazine, 17a-estradiol,
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Fig. 4. Comparison of the distribution of antibiotics and hormones in groundwater of three cities. a—Map of antibiotic and hormone detected
concentrations in groundwater in three cities; b—map of the proportion of antibiotic and hormone detected substances in groundwater in three

cities.
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amoxicillin, ciprofloxacin, and lincomycin were detected in
the three cities, reflecting the prevalence and chemical
stability of these compounds in the leachate environment. In
terms of geographical differences, City P had the lowest
number of detected substances (12), but the overall
concentration levels of the target compounds were
significantly higher than those in Cities S and X. Despite the
differences in the specific compounds detected in the three
cities, the distribution patterns of pollutant compositions and
concentrations in surface water, groundwater and leachate
within the same city showed high consistency, which implied
that the regional sources of contamination and migration
pathways were homogenous. The total concentrations of
sulfonamides, tetracyclines, and macrolides in raw leachate
from some landfills in northern Zhejiang Province, China,
ranged from 0.98 ng/L to 90.3 ng/L, 1.90 ng/L to 50.6 ng/L,
and 146 ng/L to 383 ng/L, respectively, which were lower
than those in the present study (Xue XD et al., 2021).

4.2. Risk assessment

Surface water and groundwater are common sources of
water for residents, so an ecological risk assessment of
surface water and groundwater in the three cities was carried
out. After determining the PNEC, the ecological risk of
several cities could be assessed by calculating the RQ value.
From the calculation results, it can be seen that most of the
results were lower than 0.1 and there was no ecological risk,
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while the RQ value of amoxicillin in one surface-water
sample in City P was greater than 1, presenting a high
ecological risk. By analyzing the concentration of pollutants
in City P, it was found that the antibiotic and hormone content
in surface water was very high, which requires attention to
local pharmaceutical medical waste management.

The 32 target substances have been highly detected and
used for correlation analysis. As shown in the figure, the
positive correlation indicates homology, and these drugs share
a common pollution source, which is more consistent with
previous studies. It shows the correlation between the selected
points and targets, although most of the correlated substances
exhibit low concentrations, and the local pollution is not
evident.

Principal component analysis (PCA) was used to analyze
the sources and contributions of target substances. As shown
in Fig. 5, the first two principal components (PC1 and PC2)
explained 43.3% and 13.8% of the total wvariance,
respectively. The low significance and high similarity of the
three city points indicate that the three cities share similar
pollution profiles and sources. Fig. 5 shows the loadings plot,
where the closer the variables are, the stronger the positive
correlation coefficients are, and since the co - occurring
compounds may have similar sources, the antibiotics and
hormones in Cities S and P may be from common sources,
whereas City X exhibits an additional contamination source.
Fig. 5d shows the cluster analysis dendrogram in the water
bodies of the three cities. The dendrogram grouped the points
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Fig. 5. Risk assessment cluster diagram. a—Correlation hotspot analysis plot; b—Load plot of antibiotics and hormones in three municipal wa-
ters; c—PCA plot of samples of antibiotics and hormones in three municipal waters; d—Cluster analysis tree plot of antibiotics and hormones in
three municipal waters.
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into clusters, which was almost consistent with the actual
point distribution, indicating that the correlation between the
points in the same city is good, and the similarity of the three
places is high and has a positive correlation, which can be
echoed with the results of PCA calculations; in terms of the
categorization of the compounds, it is close to the same as the
results of the grouping of PCA.

5. Conclusions

The main conclusions are as follows:

(1) Distribution characteristics of target pollutants: In the
three cities, the maximum value of amoxicillin in the surface
water of City P was 1171 ng/L, and the maximum
concentration of amoxicillin in the groundwater was 81.9
ng/L; the maximum concentration of penicillin in the surface
water of City S reached 410 ng/L, and the maximum
concentration of norfloxacin in the groundwater reached 374
ng/L. The maximum concentration of lincomycin in the
surface water of City X reached 201 ng/L, and the maximum
concentration of amoxicillin in the groundwater reached 224
ng/L.

(i) Spatial transport correlation of pollutants:
Azithromycin, lincomycin, and amoxicillin trihydrate were
highly detected in the surface water and groundwater in the
three cities. Meanwhile, the target contaminants in the three
water bodies of the landfill site have high similarity,
indicating that the waste leachate and surface water have a
great influence on the pollution of the groundwater.

(ii1) Ecological risk assessment results: Based on the risk
quotient (RQ) assessment, most of the points of antibiotic
pollutants in the study area are at a low ecological risk level.
However, special attention should be paid to one landfill in
City X, whose amoxicillin RQ value is greater than 1,
presenting a high ecological risk, suggesting that this site may
pose a potential threat to the local ecosystem and the
production and living environment of residents.

This study systematically reveals the accumulation pattern
and ecological risk of antibiotics and hormones in the
groundwater of the landfill, which not only provides key data
support for the research on the traceability of pollution,
migration mechanism and long-term health effects, but also
lays a foundation for the improvement of the regional
groundwater hydrological and environmental monitoring
system and the construction of the whole chain of pollution
prevention and control system, which will help the ecological
protection and sustainable management of the groundwater.
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