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Abstract
Baiyangdian Lake is a typical and largest multi-habitat lake in the North plain of China. To understand the
generation and transmission of antibiotics resistance genes (ARGs) in multi-habitat lakes, the contents of
nutrients (TC, TOC, TN, TP and TS), heavy metals (Zn, Cr, Ni, Cu, Pb, As, Cd and Hg), 22 antibiotics, 16S-
rRNA(16S), Class I integron (intI1) and 20 ARGs were determined. Samples were taken from the Fuhe river,
river estuaries, reed marshes, living area, �sh poods and open water of Baiyangdian Lake. The results
showed that quinolones (QNs) were the main pollutants, and the content range was ND-104.94 ng/g.
Thereinto, aac (6') -IB, blaTEM-1, ermF, qnrA, qnrD, tetG, sul1, sul2 and tetM were detected in 100%. The
absolute abundance of sul1 was the highest (5.25×105copies/g-6.21×107 copies/g), which was the
dominant ARGs. In these different habitats, the abundance of antibiotics and ARGs in river estuary was the
highest, and that in reed marshes was the lowest. There was a signi�cant positive correlation between the
abundance of heavy metals (Cu, Pb, Zn, Ni, Cd, Hg) and the absolute abundance of 11 ARGs (P<0.01).
Redundancy analysis showed that Cu, Zn, intI1, TP and macrolides (MLs) were the important factors
affecting the distribution of ARGs. Our �ndings provides a more likely driving and in�uencing factor for the
transmission of ARGs in lakes with complex and diverse habitats.

1 Introduction
Antibiotics is widely used to treat the infectious diseases of human and animal by killing or inhibiting
bacterial growth (Zhu et al., 2020). Recent surveys show that global antibiotic consumption is estimated to
be 84 billion de�ned daily doses in 2030, double the amount in 2015 (Klein et al., 2018). However, except to a
small part absorbed and metabolized by the human body, 30-90 % of the antibiotic will enter the soil and
aquatic environment through the urine and feces of human and animal in the form of original medicine (Liu
et al., 2019; Muhammad et al.,2020). Antibiotic misuse, poor stewardship and unintentionally discharged
into the environment pose a huge threat to the ecosystem and human health (Kümmerer, 2009). Over the
past few decades, antibiotics have been found in environmental media such as wastewater treatment plants
(WWTP) (Zhang et al., 2021; Cheng et al., 2014b), rivers (Zhang et al., 2020b), oceans (Du et al., 2019),
sediments (Chen et al., 2019b; Li et al., 2018a), soil (Quaik et al., 2019), organism (Zhao et al., 2015), air (Li et
al., 2018b), due to its pseudo-persistence and low biodegradability (Gulkowska et al., 2008; Chen et al.,
2018). The most worrying thing is that bacteria in water and sediment are exposed to the water environment
with the accumulation of antibiotics for a long time, and they are stimulated to produce ARGs (Larson et al.,
2007; Luo et al., 2010; Zheng et al., 2018).

Once the bacteria mutate or acquire ARGs, they may exist in large numbers in the environment persistently,
and can accelerate or even induce the production and spread of antibiotic resistance genes through
horizontal gene transfer (Zhu et al., 2013; Gillings et al., 2014). Seriously, ARGs can enter the human body
through the food chain, leading to the weakened or ineffective antibiotic drugs (Reichert et al., 2021). ARGs,
as a new type of pollutant, has the characteristics of strong persistence, wide range of diffusion and strong
�uidity, which may pose potential risks to global human health (Amarasiri et al., 2020).
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In recent years, ARGs in aquatic environments have been frequently detected in different areas, such as the
USA (Pruden et al., 2012), European countries (Knapp et al., 2010; Czekalski et al., 2015; Paulus et al., 2019),
Australia (Han et al., 2016), Korean (Kim et al., 2017), Japan (Nguyen et al., 2019), China (Zhang et al., 2015),
even in polar environments (Mccann et al., 2019). In particular, the pollution of ARGs in rivers or lakes in
China may be more extensive and serious. For instance, the absolute abundance of sul1, tetA and tetE genes
were found in seven urban rivers in Beijing (Xu et al., 2016); sulfonamide resistance genes (sul1 and sul2)
were widely distributed in the water of Fuxian Lake, the deepest freshwater lake in China(Zhao et al.,2020);
321 ARGs were detected in the sediments of Tai Lake, and its abundance and risk are higher than other
global lakes (Chen et al.,2019a); 15 lakes from the Yangtze river were suffered heavy sul and tet ARGs
pollution (Yang et al.,2017). However, previous work was focus on the distribution of antibiotics and ARGs in
the sediments of lakes in a single habitat, and till now, their correlation or traceability has not come to a
uniform conclusion in detail, especially for the lakes with different habitats. Therefore, it is extremely urgent
to carry out researches to explain autochthonous antibiotics and ARGs diversity as well as to �nd the
possible driving factors of ARG in local sediments in different habitats.

Baiyangdian Lake is an important water resource located in the Xiongan New Area of China, which is known
as "the lung of North China". And it is the largest multi-habitat lake in the North plain of China. The lake has a
unique structure consisting of 143 lakes, each of them is separated and connected with each other, which is
quite different from the aquatic environment of inland lakes in the south and arti�cial reservoirs in the north
in China (Chen et al., 2021). Before 2017, industrial wastewater, especially the wastewater of paper mill from
Baoding City, was the main source of pollution, and human activities directly or indirectly affected the
aquatic environment of Baiyangdian Lake (Zerizghi et al., 2020). In the previous study, with the increase in
the discharge of antibiotics and other pollutants (such as heavy metals, persistent organic pollutants) into
Baiyangdian Lake, the rapid and extensive growth of ARG has been accelerated (Cheng et al., 2014; Ji et al.,
2020). Thus, most studies have demonstrated the occurrence of antibiotics in rivers or lakes, while the
research regarding on the occurrence and relationship of antibiotics and ARGs simultaneously in different
habitats of Baiyangdian Lake is relatively few. In this study, we describe the occurrence of antibiotics and
ARGs in sediments of Baiyangdian Lake, aiming to track the effect of the different habitats including Fuhe
river, reed marshes, open water, living areas, �sh poods and river estuary. It provides a more likely driving and
in�uencing factor for the transmission of ARGs in lakes with complex and diverse habitats. Sediment
samples were collected to determine correlations between ARGs, antibiotics, heavy metals and other
environmental factors.

2 Materials And Methods

2.1 Chemicals and standards
According to the classi�cation of sulfonamides(SAs), tetracyclines(TCs), QNs and MLs, a total of 22
antibiotics were selected, including sulfamerazine (SMR), sulfadimidine (SMZ), sulfadiazine (SDZ),
sulfapyridine (SPD), sulfamethoxypyridazine(SMP), sulfaquinoxaline (SQX), sulfamethoxazole (SMX),
sulfamethoxazole (STZ), cipro�oxacin (CIP), enro�oxacin (ENR), lome�oxacin (LOM), nor�oxacin (NOR),
spar�oxacin (SPA), o�oxacin (OFL), tetracycline (TC), doxycycline (DOC), oxytetracycline (OTC),
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chlortetracycline (CTC), clarithromycin (CTM), azithromycin (AZM), dehydration erythromycin (ERM-H2O)
and roxithromycin (RTM) were purchased from the laboratory of Dr. Ehrenstorfer (Augsburg, Germany). SMZ-
d4 was used as an internal standard and purchased from ANPEL Laboratory Technologies (Shanghai,
China). All chemicals or solvents are at least chromatographically pure, both the standard and the internal
standard with a concentration of 1 mg/L are dissolved in methanol, and stored in amber glass vials at −20°C
for subsequent analysis.

2.2 Sampling site and sample collection
Baiyangdian Lake is located in the middle of Hebei province, with a surface area of 366 km2 and an average
depth of approximately 2-5 m (Yang et al., 2020). Surface sediments from six different habitats in
Baiyangdian Lake were collected. From August to September 2020, 10 sediment samples in the
Nanliuzhuang and Caiputai areas of Baiyangdian were determined (Fig. 1, Table S1). The characteristics of
six habitats were as following: the Fuhe river (S1), the river estuaries (S2), the reed marshes (S3 and S9), the
living area (S4), the �sh poods (S5-S8), and the open water(S10). Speci�cally, there are four different types
of �shing poods habitats: S5 is the former �shing ground that has been drained into the river, S6 is the
dredging, S7 is the successful in-situ bioremediation, and S8 is the failure of bioremediation. Meanwhile, the
reed marshes S3 is close to the river estuaries (S2), while S9 is in the center of large reed marshes area. Then
3 parallel samples around the same sampling point were taken, mixed evenly and placed in a glass bottle,
and transported to the laboratory for processing within 24h.

2.3 Quanti�cation of antibiotics
The sediment was pretreated using a multiphase solid phase extraction (SPE) system (supelco, USA) as
previously described (Chen et al., 2014). In brief, 3 g of the sediment sample was accurately added in a 50
mL centrifuge tube, and the methanol/EDTA-Mcllvaine solution (1:1, V/V) mixed solvent was used as the
extraction solution, then ultrasonically extract was performed twice. The extract was diluted to 500 mL with
0.1% EDTA aqueous solution, and its pH was acidi�ed to 4.0 at the same time for later use. SPE was treated
with oasis hydrophilic lipophilic balance (HLB) column (6 mL / 200 mg, waters, Milford, Ma, USA), then it
was activated with 5 mL methanol and 5 mL water respectively. The extract passed through HLB column at
a �ow rate of < 5 mL/min. The column was then washed with 3 mL 5% methanol and dried under vacuum
for 0.5 h, followed by elution with 10 mL methanol. The extract was concentrated and nearly dried under
nitrogen atmosphere. Then, the target extracts were redissolved in methanol water (1:1, V/V) solution.

The sediment extract samples were analyzed through liquid chromatography with tandem mass
spectrometry (LC-MS/MS), which were determined according to the procedures described in previous study
(Tong et al., 2020). The samples were analyzed by liquid chromatography tandem mass spectrometry (LC-
MS/MS) using an Accela Max 600 high performance liquid chromatography system with an online degasser,
quaternary solvent transport system, automatic sampler, TSQ Quantum Access Max (ESI) source and
electrospray ionization source. A Hypersil Goldtm C18 (100 mm×2.1 mm,1.9 µm, Thermo�sher) was used at
the �ow rate of 0.3 mL/min and the oven temperature was set at 40℃. The mobile phase was consisted of
water containing 0.1% (V/V) formic acid (A) and methanol (B) with A gradual gradient distribution. Mass
spectrometry was performed in positive ion mode, with sheath gas pressure of 40 bar, auxiliary gas pressure
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of 10 bar, carburetor temperature of 250℃, capillary temperature of 350℃ and capillary offset of 35. Spray
voltage is set to +3800 V. The analysis conditions for optimizing the MS/MS parameters (Du et al., 2017) are
shown in Table S2. The recovery rate, limit of detection (LOD) and quantity (LOQ) were veri�ed, and the
results were shown in Table S3.

2.4 Quanti�cation of ARGs
The sediment samples were sent to Shanghai Keyin Biological Technology (Shanghai, China) for analysis.
Total DNA was extracted from 0.1 g fresh sediment samples by TIANNAMP Soil DNAKit (TIANGEN, China)
following the manufacturer’s protocols. The DNA extracted from sediment samples was stored below -80°C
for further analysis. The quality and concentration of the resultant DNA were determined by Quawell Q3000
spectrophotometer (Quawell Technology, USA).

The absolute abundance of two sul ARGs (sul1 and sul2), six tet ARGs (tetA, tetC, tetG, tetM, tetO and tetW),
�ve qnr ARGs (qnrA, qnrC, qnrD, qnrS and aac (6') -IB), four erm ARGs (ermA, ermB, ermC and ermF), three β-
endamide ARGs (blaTEM-1, blaOXA-1 and ampc), 16S and intI1 was quanti�ed by qPCR assays in sediment
as previously described (Pu et al., 2017; Yang et al., 2018). The PCR product were detected and analyzed
using a StepOnePlus™ Realtime PCR(Thermo Fisher Scienti�c, Waltham, MA, USA). The primers for ARGs,
correlation coe�cients (r2) and standard curves of ARGs used in the study were shown in Table S4 and
Table S5.

2.5 Environmental parameters in sediment
Total carbon (TC), total organic carbon (TOC), total nitrogen (TN), total phosphorus (TP), total sulfur (TS)
and heavy metals (Zn, Cr, Ni, Cu, Pb, As, Cd and Hg) were determined in Baiyangdian Lake according to the
Chinese standard geochemical sample analysis method (DZ/T 0279-2016).

2.6 Statistical analysis
Origin 2019 b and SPSS 26 software were used for statistical analysis of all data, linear regression was used
for correlation analysis (P<0.05 indicated signi�cant differences), and redundancy analysis was conducted
using the Canoco 5. Sampling sites were carried out by ArcMap10.6.

3 Results

3.1 Basic physicochemical properties.
The nutrients (TC, TOC, TN, TP and TS) and heavy metals (Zn, Cr, Ni, Cu, Pb, As, Cd and Hg) of the sediments
in different habitats are summarized in Table S6. 16S and intI1 was quanti�ed by qPCR assays in sediment.
From Fig.S1, it can be seen that TC, TOC, TN and TS are highest in the open water (S10) because a lot of
decaying aquatic plants were found in the water nearby when we sampled. In addition to the open water, the
content of the nutrients (TC, TOC and TN) in the river estuaries are much higher than other habitats, which
indicated that the river estuaries were received the sewage from Fuhe River and nearby villages. Meanwhile,
the lowest levels of the nutrients (TC, TOC, TP and TN) and heavy metals (Cu, Pb, Ni, As, Cd and Hg) were
found in the �sh pond, which was different from what we expected, possibly due to the fact that the �sh
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ponds have been continuously repaired or treated recently. The mean contents of heavy metals in six
habitats were followed as the order from highest to lowest, the Fuhe River, the river estuaries, the living area,
the open water, the �sh poods and the reed marshes. The high content of heavy metals in Fuhe River and the
river estuaries was closely related to the industrial wastewater in Baoding City.

For 16S and intI1, 16S characterizes bacterial abundance and intI1 characterizes the level of gene migration
(Hsu et al., 2014). As shown in Table.S8, the absolute abundance of 16S in different aquatic areas ranged
from 1.25×109 copies/g (S7) to 7.15×108 copies/g (S3), with an average absolute content of 1.05×109

copies/g. The absolute range of intI1 was 4.79×106 copies/g (S2) to 0 copies/g (S5, S6, S9), with an average
absolute abundance of 1.03×106 copies/g. The higher abundance of 16S was found in open water, due to
the decay of aquatic plants, which attract a large number of bacteria. And the lower abundance is
concentrated in the reed marshes(S3), which was one tenth of that in the nearby estuary water (S2). The
highest abundance of intI1 was found in the river estuarine, while the abundance of intI1 in the treated �sh
poods and reed marshes was almost undetectable. It is possible that the reduction of pollutants after
sediment treatment or under the action of reeds marshes inhibited the level of gene migration.

3.2 Occurrence of antibiotics in sediment
Table 1, Table S7 and Fig. 2 summarizes the contents of all target antibiotic compounds in sediment
samples from different waters area. More than 6 compounds tested were detected at 100% frequency in all
samples in Baiyangdian Lake. The order of content of four kinds of antibiotics in different habitats was QNs,
TCs, MLs, SAs. It can be seen that QNs are common and seriously polluted antibiotics in sediments of
different habitats. CIP was detected at the highest levels in sediment samples of Baiyangdian Lake, and it
reach up to 104.94 ng/g. Obviously, the maximum contents of QNs are seriously higher than the other
antibiotics, especially SAs.

Among the six different habitats, the maximum contents of antibiotics were found in river estuary, followed
by �sh poods, open water, Fuhe river, living area and reed marshes. The antibiotic content of the sediment
dredged treatment (S6) or the demolished �sh poods (S5) is signi�cantly lower than that of the ecological
restoration �sh poods (S7, S8), and the lowest antibiotic content was found in the reed marshes (S9).
Meanwhile, the antibiotic content in the reed marshes (S3) near the estuary was far lower than that in S2.
Apparently, reeds have a signi�cant removal effect on antibiotics.

Table.1 Antibiotic contents in different habitats from the aquaculture environment of Baiyangdian Lake
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Sediment (n = 10, µg/kg, dry/wt)

Compounds Min Max Mean Fre/% Compounds Min Max Mean Fre/%

ERM-H2O 0.04 1.04 0.20 100.00 SQX <LOQ 0.10 0.03 80.00

RTM 0.04 2.41 0.32 100.00 SDZ <LOQ 0.10 0.03 90.00

CTM 0.02 0.17 0.04 100.00 SMX <LOQ 0.12 0.04 70.00

AZM <LOQa 0.22 0.04 80.00 SMZ <LOQ 0.68 0.11 90.00

TC 0.11 2.25 0.25 100.00 STZ <LOQ <LOQ 0.00 0.00

DOC <LOQ 2.14 0.20 90.00 ENR <LOQ 13.71 5.43 90.00

CTC <LOQ 2.72 0.37 70.00 SPA <LOQ 0.07 0.02 50.00

OTC <LOQ 31.03 1.42 90.00 LOM 0.05 0.24 0.10 100.00

SMR <LOQ 0.10 0.01 70.00 OFL 1.96 11.99 4.88 100.00

SPD <LOQ 0.64 0.01 50.00 NOR <LOQ 7.66 1.89 50.00

SMP <LOQ 0.05 0.01 30.00 CIP <LOQ 104.94 12.18 20.00

a: Limits of quanti�cation.

3.3 Occurrence of AGRs
We detected 20 unique ARGs in all aquatic habitats, their relative abundance is shown in Fig. 3 and Table S8.
Among all measured ARGs, the abundance of resistance genes was followed as the order, the sulfonamide
resistance genes, quinolones resistance genes, macrolides, tetracycline resistance genes. Among the tested
ARGs, sul1, sul2, aac(6')-IB, qnrA, qnrD, blaTEM-1, ermF, tetG and tetM had 100% detection rate frequencies in
all typical habitats. Sul1 was present in high relative abundance (6.21×107 copies/g) in all sediment
samples, and the second was sul2 (4.48×107 copies/g), which were signi�cantly higher than the other
resistance genes. Furthermore, aac(6')-IB (1.01×106-3.63×107 copies/g), as a qnr ARGs, the content was
much higher than the other four qnr ARGs and the detection rate was found to be 100%. In addition to sul
ARGs and qnr ARGs, both tet ARGs and β-endamide ARGs were frequently detected in all habitats. While
except for ermF (5.13×103-4.40×105 copies/g, 100% detection rate), other three erm ARGs showed low
detection frequencies (40%-50%).

In terms of spatial distribution, the abundance of ARGs in different habitats of Nanliuzhuang were
signi�cantly higher than that of Caiputai. Meanwhile, the highest absolute abundance of ARGs were mainly
concentrated near the Fuhe river (S1) and the river estuary (S2), and the lower value was mainly in �sh
poods(S6-S8) and reed marshes(S9). In the case of �sh poods, the absolute abundance of the total ARGs in
the �sh poods (S6) was 6.02×107 copies/g, which was much lower than that of the dredged and
bioremediation ponds. Moreover, compared with two points (S3 and S9) in reed marshes, the total absolute
abundance of ARGs in the sample point (S3) were signi�cantly higher than the other (S9).
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3.4 Impact of environmental factors on the absolute
abundance of ARGs
Pearson correlation coe�cients were calculated to examine the correlations between ARGs concentrations in
different functional area of sediments (Table S9), the concentrations of TP and six ARGs had signi�cant
positive correlations (p<0.05). Heavy metals (Cu, Pb, Zn, Cr, Ni, Cd and Hg) and nine ARGs (ermB, ermF, sul1,
sul2, tetA, tetG, tetM, blaOXA-1 and aac(6')-IB) (p<0.05) exhibited signi�cantly positive correlation. SAs and
MLs appeared signi�cant negatively correlated to sul1 (p<0.01), sul2 (p<0.01), and tetO (p<0.01), while QNs
showed signi�cant positive correlation with ermC (p<0.05), sul1 (p<0.05), and tetO (p<0.01). Furthermore,
intI1 showed signi�cant positive correlation with blaOXA-1 (p<0.05), ermC (p<0.01), sul1 (p<0.01), sul2
(p<0.01), tetM (p<0.05), tetO (p<0.01).

In this study, Redundancy analysis (RDA) was used to explain the relationship between basic
physicochemical properties and ARGs in the six habitats. According to RDA (Fig. 4), ARGs are not only
related to antibiotics, heavy metals and nutrients, but also related to each other respectively. Redundancy
analysis further con�rmed the correlation analysis results among Cu, Zn, intI1, TP, MLs and ARGs.

4 Discussion

4.1 Presence of antibiotics in different habitats
Compared with SAs, MLs and TCs, QNs had the highest content in the sediments of different habitats in
Baiyangdian Lake. This could result from their high viscosity leading to di�cult to biodegrade, which
promotes their persistence in the sediments (Moerno-Bondi et al., 2009). Meanwhile, the sorption coe�cient
of QNs was much higher than that of other antibiotics, which described the reversible adsorption and
exchange of chemicals between water and sediment (Yang et al., 2010). The larger the sorption coe�cient
was, the stronger the chelating ability of the sediments was obtained with particles and cations (Li et al.,
2012). Therefore, it is di�cult to degrade and even accumulate in the sediments.

For all antibiotics tested, QNs were detected in all habitats in sediment samples, with the exception of certain
low-frequency compounds such as CIP and NOR, which were almost absent in �sh poods and reed marshes.
This may be due to its low mobility in �sh poods or reed marshes (Tong et al., 2020). The highest level of
total antibiotics was found in the river estuary (S2) near the Fuhe river (S1), while the lowest level was found
in reed marshes (S10), where water was constantly puri�ed by the reeds around it. In the same way, the total
amount of antibiotics in reed marshes (S3) near the estuary was signi�cantly lower than that in the estuary
river (S2). Besides, compared with the biological treatment �sh poods (S7 and S8), the total amount of
antibiotics in the dredged (S6) or merged into rivers (S5) decreased signi�cantly. These results show that
bioremediation may not effectively and quickly reduce the antibiotics in the surface sediments of �sh ponds,
and dredging or �owing into rivers can transfer antibiotics to achieve the purpose of less pollutants.

4.2 Diversity and abundance of ARGs
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In this study, the ARGs were detected in different habitats of Baiyangdian Lake, which indicated that
antibiotic resistance genes had been widespread in Baiyangdian Lake environment. Previous study (Chen et
al., 2020) also indicated that abundant resistance genes were detected in the sediments of Baiyangdian
Lake, leading to the high risk, and 80% ARGs were introduced from Fuhe River into Baiyangdian Lake. The
risk of ARGs was higher than many lakes in Baiyangdian Lake, which was polluted by urban sewage,
domestic sewage and aquaculture sewage (Chen et al., 2020; Zhang et al., 2020a). In this study, we also
observed similar contents of ARGs in the Fuhe river and estuarine water. Apparently, the high detection rate
and high absolute abundance of ARGs in estuarine water may be related to various pollution sources and
human activities.

Sul ARGs are usually dominant among ARGs found in many sediments. Among all measured ARGs, the
absolute abundance of sul1 was the highest, which is mobile DNA element-borne resistance gene, parallel
transferring between bacterial populations and species (Hsu et al., 2014). The absolute abundance of sul2 is
second only to sul1, which is similar to that of intI1, and its high abundance is closely related to intI. For
example, a signi�cant correlation between sul ARGs and intI1 was found, and the contribution rate of Sul
ARGs was the highest in the environment in Japan (Partridge et al., 2015) and China (Suzuki et al., 2019). In
addition to sul1 and sul2, the absolute abundance of aac(6')-IB in qnr ARGS range was between 1.01×106

copies/g and 3.63×107 copies/g, and the detection rate was 100%. The distribution characteristics of this
gene showed that the absolute abundance in the habitat near the Fuhe River and the estuaries river was one
order of magnitude higher than that in other habitats, which might be related to the continuous input of
industrial wastewater from the Fuhe River (Chen et al., 2010). Furthermore, although all the 13 erm ARGs, tet
ARGS and β-endamide ARGs were detected in varying degrees, most of them did not have high absolute
abundance. This may be related to their long persistence and not easy to disappear in the aquatic
environment (Guo et al., 2018).

4.3 Factors in�uencing the ARG distribution
In the present study, ARGs in the main habitats positively correlated with the environmental factors. However,
it was still di�cult to explain the transmission of ARGs in different habitats of aquatic environments. Under
the joint analysis of correlation analysis and RDA, the results showed that Cu, Zn, intI1, TP and MLs affected
the absolute abundance of ARGs in different habitats of Baiyangdian Lake. This result is basically
consistent with previous studies, which is showed that HMs promote the transfer of ARGs in the environment
through the formation of reactive oxygen species, the increase of membrane permeability, the change of
SOS response and the expression of conjugation related genes (Sun et al., 2021; Mckinney et al., 2010).

Particularly, it is widely accepted that when the concentration of antibiotics is higher than the background,
the bacteria will become resistant bacteria through mutation or accelerated acquisition of exogenous
resistance. At the same time, a large number of studies have shown that the abundance of surface
resistance genes is positively correlated with antibiotics (Tong et al., 2020). Furthermore, in terms of the
nutrients, TP is mainly related to ARGs. Previous studies found that the nutrients (TP) can affect microbial
diversity and was one of the key factors of bacterial community structure change in Baiyangdian Lake
(Zhang et al., 2020a; Leng et al., 2020). The in�uencing factors of ARGs in the mono-habitat lakes are still
related to antibiotics, HMs, nutrients and integrons, while the mono-habitat lakes are often affected by heavy
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metal or antibiotic pressure (Zhou et al., 2019; Tong et al., 2020; Zhao et al.,2020). Therefore, due to the
complex habitat of Baiyangdian Lake and the human activities result in the input of ARGs into lakes through
Fuhe River, these results indicated that there are some differences in the in�uencing factors of resistance
genes between the multi-habitat lakes and mono-habitat lakes. On the whole, it is proved that these
environmental factors play a certain role in the spread of ARGs. Therefore, it is necessary to discuss the
propagation mechanism and risk assessment method of ARGs.

5 Conclusions
In summary, the study represented the occurrence of antibiotics and ARGs in Fuhe river, the estuaries river,
the reed marshes, the living area, the �sh poods, and the open water of Baiyangdian Lake. QNs were
dominant among the antibiotics, especially in the river entrance habitat, and the highest content is up to
104.94 ng/g. The 20 kinds of ARGs, intI1 and 16S have been detected with varying degrees in different
habitats, indicating that Baiyangdian Lake is an important reservoir of ARGs. Thereinto, sul1 had the highest
absolute abundance (6.21×107 copies/g), which was mobile DNA element-borne resistance gene.
Furthermore, redundant analysis showed that Cu, Zn, intI1, TP and MLs were important factors affecting the
abundance and distribution of ARGs in the sediments of different habitats of Baiyangdian Lake. Given this
situation, it is necessary to further study the synergistic effect of antibiotics and heavy metals on the source
and fate of resistance genes, as well as the potential harm to human beings.
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Figure 1
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Distribution of sampling

Figure 2

Contents of QNs, MLs, TCs and SAs
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Figure 3

Heat map of ARGs
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Figure 4

Redundancy analysis (RDA) between basic physicochemical properties and ARGs in sediments, indicates the
interrelationship between ARGs and environmental variables ARGs are enclosed; a ARGs, b heavy metals (Zn,
Cr, Cu and Pb), c nutrients (TC, TOC, TN, TP and TS), d antibiotics, intI1 and 16S.
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