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Abstract To assess the impact of antibiotic pollution to
the ecosystem in urban water, the occurrence, seasonal,
and spatial distributions, potential sources, and ecolog-
ical risks of 18 targeted antibiotics in urban river, Pearl
River located in Guangzhou city, were investigated.
Surface water samples were sampled from 24 sites in
Guangzhou center of Pearl River during dry and wet
seasons. The results indicated that the concentrations of
antibiotic residues were at the nanogram per liter level,
except sulfamethazine (SMD) (μg/L). Sulfonamides
(SAs) were the dominant antibiotics, contributing
60.4–65.0% to the total antibiotics. The concentrations
of SAs, fluoroquinolones (QUs), macrolides (MLs),
tetracyclines (TCs), and lincosamides (LCs) were higher
in dry season than those in wet season at most sampling
sites, which possibly resulted from the dilution effect of
heavy rainfall. The concentrations of the antibiotic res-
idues in Guangzhou were comparable or higher than
other urban rivers. The calculation on risk quotients
indicated that erythromycin-H2O (ETM-H2O) and tet-
racycline (TC) were of high risks. The source identifi-
cation by the Pearson correlation analysis and principal

component analysis-multiple linear regression (PCA-
MLR) method suggested that municipal wastewater
treatment plants were primary sources of antibiotics.
These results would provide important information for
the environmental protect.
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Introduction

Antibiotics are extensively applied to cure diseases,
enhance animal growth in many fields, such as live-
stock, aquaculture and agriculture (Rodriguez-Mozaz
et al. 2015; Wang et al. 2013). Many antibiotics are
poorly absorbed by the target organisms and the resi-
dues cannot be completely eliminated by most waste-
water treatment plants (Feng et al. 2019; Liu et al.
2018a; Weng et al. 2020). At least 30% antibiotics enter
aquatic ecosystems through agricultural activity, animal
waste discharge, sewage effluent or surface runoff
(Deng et al. 2016; Kümmerer 2009; Sarmah et al.
2006). Due to the high water solubility, hydrolytical
stability, resistance to degradation, the residues can exist
for a long time in the environment. China is the world’s
largest consumer and producer of antibiotics (Van
Boeckel et al. 2014), and the residues are widely detect-
ed in Chinese aquatic environment, including surface
water (Hu et al. 2018; Liu et al. 2018b; Tang et al. 2015),
river water (He et al. 2018; Yu et al. 2019), seawater
(Niu et al. 2016), municipal sewage (Xu et al. 2015),
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groundwater (Chen et al. 2017; Li et al. 2018), and even
drinking water (Li et al. 2018). Antibiotic residues have
potential risks to both ecosystem and human health
(Białk-Bielińska et al. 2011; Khetan and Collins 2007;
Tang et al. 2015), by exerting toxicity to organisms at
different trophic levels, causing a serious problem of
antimicrobial resistance, and contributing to the wide-
spread of antibiotic resistance genes (ARGs) (Reardon
2014; Yang et al. 2013).

The urban rivers serve as the main source of water
supply for rural and urban users, irrigated agriculture,
ecological landscaping and recreational activities. The
water quality is greatly affected by the activities of
human beings. Urban rivers have been often polluted
by antibiotics and other pollutants, because they always
receive massive wastes from rural and urban areas
(Chen et al. 2019; Qiao et al. 2018). Several studies
demonstrated that the urban rivers unfortunately became
reservoirs of antibiotics and antimicrobial resistance
(Chen et al. 2019; Marathe et al. 2017). Therefore, to
protect the safety of ecosystem and human health, it is of
great importance to investigate the occurrence and dis-
tribution of antibiotic pollutants in urban rivers.

Guangzhou is one of the most important economic
and business centers in South China, with a population
of more than 15 million people. Lots of industrial and
domestic sewage, livestock, and poultry wastewater run
to the urban rivers, Pearl River located in Guangzhou.
Various antibiotics, ARGs, and antibiotic-resistant path-
ogens have been found in the Pearl River Estuary which
is nearly located to Guangzhou (Chen et al. 2013b;
Liang et al. 2013). However, the studies related pollu-
tion in urban rivers, Pearl River in Guangzhou area are
few.

This study aimed to investigate the pollution status of
the antibiotics in a stretch of Pearl River, a Guangzhou
urban river. In this research, the concentrations of 18
target antibiotics, belonging to five major groups:
fluoroquinolones (QUs), sulfonamides (SAs),
macrolides (MLs), tetracyclines (TCs), and
lincosamides (LCs), were detected by ultra-
performance liquid chromatography-tandem mass spec-
trometry (UPLC-MS/MS) technique. Surface water was
sampled by the diffusive gradients in thin films (DGT),
a method that has been widely applied for collecting
water samples with a great advantage of cost-effective
time-integrated in situ continuous monitoring. The anti-
biotic sources were identified by correlation coefficient
and principal component analysis (PCA)-based multiple

linear regression (MLR) analyses. The ecological risks
of antibiotics to aquatic organisms were evaluated based
on environmental risk quotients (RQs).

Materials and methods

Chemicals and standards

Antibiotic standards of SAs consisting of trimethoprim
(TMP), SMD, sulfachloropyridazine (SCP), sulfameth-
oxazole (SMX), sulfamonmethoxine (SDM), sulfadia-
zine (SDZ), sulfamerazine (SMR), sulfaquinoxaline
(SQX) and sulfapyridine (SPD), and QUs consisting of
ofloxacin (OFX), norfloxacin (NFX) and ciprofloxacin
(CFX), TCs consisting of oxytetracycline (OTC) and
TC, MLs consisting of clarithromycin (CLM),
roxithromycin (ROM), and ETM-H2O, and LCs
consisting of lincomycin (LIM)] were supplied by Dr.
Ehrenstorfer (GmbH, Germany). The physicochemical
characteristics of these 18 antibiotics are summarized in
Table S1. The internal standards used for SAs, QUs,
TCs, MLs, and LIM were sulfamonmethoxine-d3, sul-
fadiazine-d4, norfloxacin-d5, tetracyclin-d6, and
roxithromycin-d7, respectively. Stock solutions (1000
mg/L) and working solutions (10 mg/L) of each tested
compound and internal standards were prepared by
diluting in methanol and then kept at − 20 °0 methanol
and then kept at and internal standards were prepared by
dirade.

Sample collection

Surface water was sampled from 24 sites in urban rivers
of Guangzhou, Pearl River (Fig. 1). Sampling sites were
chosen to rationally reflect the water quality distribution
statues of the river, including the sections that were
greatly affected by domestic sewage, industrial waste-
water, and aquaculture area. Sampling sites Z1–Z4 were
located in the West channel of Guangzhou city; sites
Z5–Z11 were located in the Front channel; sites Z12–
Z24 were located in the Back channel. Sampling was
conducted in August 2018 to represent wet season and
December 2018 to represent dry season. All the samples
were collected by o-DGTs (LSNC, 0.04 cm XAD gel,
0.076 cm agarose gel, DGT® Research Ltd., China)
within 1 week as described previously (Chen et al.
2015). All samples were collected in triplicate from each
site.
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Sample treatment and analyses

After disassembling o-DGTs, the binding gel was trans-
ferred into a 15-mL clean amber glass vial. Then, 5 mL of
methanol was added and a 20-min extraction was per-
formed in an ultrasonic bath, and this procedure was
repeated twice. The combined extract was evaporated to
dryness under nitrogen blow down, redissolved in 1mL of
methanol, and then filtered (0.22 μm) into a 2-mL amber
vial. The final extracts were spiked with 10 ng of the
internal standards before analyzing using UPLC-MS/MS.

The target antibiotics were analyzed by an Agilent
1290 UPLC-MS/MS system. Chromatographic analysis
was conducted with the Agilent Poroshell 120 EC-C18
column (2.7 um, 4.6 × 50 mm) at 30 °C, and the injection

volume was 10 μL. The conditions for mobile phase were
shown in Table S1. UPLC-MS/MS analysis was per-
formed in the multiple reaction monitoring mode using
positive electrospray ionization source. The information
related to precursor ion, product ion, and other MS/MS
operating parameters was demonstrated in Table S1. Lin-
earity was evaluated by constructing a calibration curve
(range: 0.05–500 ng/mL) using the ratio of the peak area
of the analyte and internal standard.

The concentration of antibiotics measured by o-DGT
was calculated using Eq. (1), according to previous
studies (Chen et al. 2013a; Chen et al. 2015).

CDGT ¼ MΔg=DtA ð1Þ

Fig. 1 Sampling locations of surface water in the Pearl River
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where M, Δg, Dt, and A were the mass (g) of antibiotics
accumulated in the binding gel, sum of thickness of diffu-
sive gel (0.076 cm), and filter membrane (0.014 cm),
diffusion coefficient (cm2/sec) of antibiotics in the gel
(Table S1), deployment time (sec), and exposure area
(3.14 cm2), respectively.

Quality control and quality assurance

Detection of antibiotics was carried out according to the
quality control and quality assurance (QC/QA) proce-
dures. Solvent and procedure blanks were simultaneously
run in sequence to eliminate background noise and mon-
itor system performance. As similar to previous section,
the linearity was evaluated by constructing a calibration
curve (range: 0.05–500 ng/mL) using the ratio of the peak
area of the analyte and internal standard. The correlation
coefficients of all calibration curves were greater than
0.99 (Table S1). To assess sensitivity and repeatability,
the standard solutions were inserted into the sample se-
quence every 10 samples. If the variation in the peak area
was greater than 15%, fresh standards were analyzed
again, and the subsequent samples were quantified ac-
cording to the new calibration curve. The limits of detec-
tion (LOD) and quantification (LOQ) were defined as the
analyte concentrations corresponding to the signal-to-
noise (S/N) ratios of 3:1 and 10:1, respectively. The
LODs and LOQs of each antibiotic in surface water
ranged from 0.01 to 2.15 ng/L and from 0.40 to 25.5
ng/L. The recoveries of the 18 antibiotics (40 and 200 ng/
L) spiked into the surface water samples (n = 3) ranged
from 70.0 to 124.3% (Table S1). The extraction rate was
> 95%. The relative standard deviation (RSD) of all the
antibiotics was under 10%. Measurement of reagent
blanks revealed that the laboratory glassware and analyt-
ical system were free of contamination.

Ecological risk assessment

The potential of contaminants to cause adverse effects
was determined according to the environmental risk
assessment (ERA) risk (Lee et al. 2008). The values of
RQs were estimated by using Equation (2):

RQ ¼ MEC

PNEC
ð2Þ

where MEC and PNECwere the measured environmen-
tal concentration and predicted no-effect concentration
of each contaminant, respectively. The values of PNEC

were calculated by assessment factor method using the
following Eq. (3):

PNEC ¼ L Eð ÞC50 or L Nð ÞOEC=AF ð3Þ

where NOEC, LOEC, EC50, and LC50 were the no-
observed effect concentration, lowest observed effect
concentration, median effective concentration, and le-
thal concentration, respectively. The values of L (N)
OEC and L (E) C50 were obtained from the published
literature, and the lack of toxicity data was supplement-
ed by EPA Ecosar software. If more than one value was
available for the same species, the lowest value was
used for the calculation to avoid risk hazards. Assess-
ment factor (AF) was selected according to the evalua-
tion factor in the European Union Technical Guidance
Document (TGD) and the situation of biotoxicity. AF
for acute toxicity was 1000. AF for chronic toxicity was
determined according to the trophic level of aquatic
organisms, with the first, second, and third trophic level
was 100, 50, and 10, respectively.

In general, the levels of the risk were classified into
three groups: (i) high risk (RQ > 1); (ii) medium risk
(0.1 ≤ RQ ≤ 1); and (iii) low risk (RQ < 0.1) (Hernando
et al. 2006; Park and Choi 2008) (Hernando et al. 2006;
Park and Choi 2008).

PCA-MLR model

Source contribution analysis was carried out using
PCA-based MLR analysis (Jiang et al. 2016; Li et al.
2012). The MLR equation was expressed as Eq. (4):

bZsum ¼ uBiFSi ð4Þ

where bZsum bZsum bZsum, Bi, and FSi were the normalized
standard deviation of the sum of the antibiotic concen-
trations (Zsum), regression coefficient value, and factor
scores derived from the PCA analysis.

Therefore, the mean percentage contribution was
obtained from Bi/∑Bi, and the individual contribution
of each source i was calculated using Eq. (5):

Contribution of source i ng=Lð Þ
¼ mean Zsum½ � � Bi=∑Bið Þ þ BiσFSi ð5Þ

where σ was the standard deviation of the Zsum.
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Statistical analysis

The experimental data were calculated using Microsoft
Excel 2010. In addition, Pearson’s correlation analysis
was applied to evaluate the determined correlations with
IBM SPSS Statistics (version 22.0). Source apportion-
ment analysis was conducted using PCA–MLR via
SPSS. The figures were drawn by OriginPro 2017.

Results and discussions

Detection frequencies and concentrations of antibiotics
in Guangzhou urban rivers

In total, 18 antibiotics were analyzed (Table 1) and 15
antibiotics were detected in most of the sampling sites.
Six SAs (SQX, TMP, SMD, SMR, SDZ, and SPD) and
three QUs (OFX, CFX, and NFX) were found in all the
sampling sites, while the detection frequency of LCS

was the lowest.
The concentrations of target antibiotics were all in the

ng/L level, except SMD that presented in the μg/L level.
SAs were the most predominant type of antibiotics, the
concentration of which contributed to 60.4–65.0% of
the total antibiotics. SMD and ETM-H2O were with the
highest concentrations in the two seasons, suggesting
these antibiotics may be used at the largest amount in
both seasons. In August, the concentrations of SMD and
ETM-H2Owere in the ranges of 25.3–3145 ng/L (mean:
333 ng/L) and ND-550.41 ng/L (mean: 40.9 ng/L),
respectively. In December, the respective ranges were
32.4–2385 ng/L (mean: 604 ng/L) and ND-577 ng/L
(mean: 137 ng/L).

Nine SAs (SQX, TMP, SCP, SDM, SMD, SMR,
SMX, SDZ, and SPD) were detected at most sampling
sites in both dry and wet seasons, implying that these
antibiotics were used throughout the year. The concen-
tration of sulfa antibiotics’ ∑(SAs) in August and De-
cember were ND-3530 ng/L and ND-3097 ng/L, respec-
tively, with the average levels were 412 ng/L and 851
ng/L. Notably, the concentrations of SQX and SDM
were on the top levels among all SAs, reflecting the
widespread use of these antibiotics in the Pearl River
basin. SAs were the most common existence in this
study, probably due to their extremely high stability in
the surface water system (Hu et al. 2018; Yan et al.
2013). The high stability of SAs might be resulted from
their low solid sorption coefficients, low organic T
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carbon-normalized sorption coefficients (Koc), and low
sorption affinity to soils and sediments (Table S2).

OFX, OFL, and NFX in the group of QUs showed
100% detection frequencies. QUs were a class of anti-
bacterial compounds employed excessively in both vet-
erinary and human medicine, and exhibited large chem-
ical stability (Thiele-Bruhn 2003; Wammer et al. 2013).
Therefore, the QUs were widespread in the aquatic
environment.

MLs were large complex molecules with large num-
bers of stereocenters and were widely used for humans
(Murata et al. 2011; Stepanić et al. 2012; Yan et al.
2013). The average detection frequencies of three MLs
(ROM, CLM, and ETM-H2O) ranged from 11 to 50%.
The lower detection rates of the three macrolides in the
surface water system might be due to their high hydro-
phobicity and strong sorption affinity to sediments
(Huang et al. 2011; Yan et al. 2013).

Normally TCs were seldom found in water samples
due to their interaction with cations and strong binding
capacity to particulate matter (Dı az-Cruz et al. 2003;
MacKay and Canterbury 2005). However, in the group
of TCs, TC, and OTC were detected in the most sites
during the two seasons. The concentrations of TC and
OTC were ND-90.8 ng/L and ND-310 ng/L, respective-
ly. OTC exhibited a high residue level with a detection
frequency of more than 56%, which may be due to the
excessive usage of OTC in both residential and indus-
trial areas (Van Rennings et al. 2015).

The comparison of the antibiotic concentrations in the
urban river located in Guangzhou and the other rivers in
domestic and abroad were shown in Table 2. The con-
centrations of SAs in the Guangzhou urban river (ND-
3150 ng/L) were higher than those in other domestic and
abroad rivers, except the Tagus River (ND-5960 ng/L).
The concentrations of ∑QUs showed the following se-
quence: Wenyu River (25.1–1440 ng/L) > Tagus River
(2.5–786 ng/L) > Yellow River (675 ng/L) > Liao River
(10.2–393 ng/L) > Ter River (232–377 ng/L) > Pearl
River (ND-137 ng/L) > Yangtze River (10.5–105 ng/L)
> Hong Kong River (ND-101 ng/L) > Hanjiang (ND-
20.4 ng/L) > Songhua River (ND-8.50 ng/L) > Yitong
River (ND-1.36 ng/L). ∑MLs concentrations (ND-604
ng/L) were similar to those in the Yangtze River (7.63–
542 ng/L), Liao River (17.4–496 ng/L), and Yellow
River (458 ng/L, China), but significantly higher than
those in the Hong Kong River (ND-2.8 ng/L, China)
and Chester River (3.4 ng/L) and Songhua River (ND-
7.3 ng/L). ∑TCs concentrations showed the following

sequence: Liao River (ND-850 ng/L) > Pearl River
(30.8–401 ng/L) >Wenyu River (ND-201 ng/L) > Yang-
tze River (26.4–41.9 ng/L) > Hongkong River (ND-31.5
ng/L) > Hanjiang (ND-21.8 ng/L) > Soeste River (21 ng/
L) > Yellow River (7.55 ng/L) > Yitong River (ND-0.29
ng/L). Overall, the concentrations of the residues in
Guangzhou river were comparable or higher than other
urban rivers. However, it should be noted that the sam-
pling sites form the referencemay include these locate the
upstream far away from city, which may result in the
lower concentrations. Comparing the usage values for the
antibiotics with the other countries such as Germany, the
USA, and Spain, China showed higher per capital con-
sumptions of antibiotics. Meanwhile, the Pearl River
Basin located in South China showed the highest emis-
sion densities in China (Zhang et al. 2015). Therefore, the
concentration range and detection frequency of the anti-
biotics in this work were relatively high.

Seasonal and spatial distribution of antibiotics
in Guangzhou

Figures 2 and 3 showed the seasonal distribution pattern
of five groups of antibiotics at 24 sampling sites. The
concentrations of antibiotics were higher in dry season
for all sampling sites, except site Z3 and Z21. The
number and frequency of antibiotics in the dry season
were comparable to those in the wet season. Up to 11
antibiotics (61%) exhibited 100% frequency in both
seasons. Our results showed that the predominant anti-
biotics were the same in both seasons. SMD and OFX
were the dominant compounds for SAs and QUs in the
two seasons at sampling sites, whereas ETM-H2O and
OTC were the dominant compounds for MLs and TCs
group, which were consistent with the usage of various
antibiotics in China (Zhang et al. 2015).

The ranges of surface water temperature in wet and dry
seasons were 30.1–32.4 °2 and 16.7–19.8 °9, respectively.
The most concentrations were higher in dry season than
those in wet season, which demonstrated that the concen-
trations of antibiotics were higher at cold weather than
those at warm weather and was consistent with previous
studies (Jiang et al. 2011; Yan et al. 2013; Yang et al.
2011; Zhang et al. 2020). The stream flow of the Pearl
River in the two sampling seasons was different, and the
higher flow in wet season diluted the antibiotics and thus
reduced their concentrations. Moreover, the capability to
decompose the antibiotics microbes in sewage treatment
system in cool water in dry season was lower than warm
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water in wet season, leading to the levels of antibiotics
higher in cold conditions (Kim and Carlson 2007). Sea-
sonal differences in antibiotic concentrations were associ-
ated with seasonal consumption of antibiotics in this
region, but the correlation between antibiotic consumption
and season was weak (Zhang et al. 2020).

Generally, the total concentrations of antibiotics at
different locations could be arranged in the following
order: West channel (Z1-Z4, mean: 479-3520 ng/L) >
Front channel (Z5-Z11, mean: 445-1262 ng/L) > Back
channel (Z12-Z24, mean: 97-1040 ng/L). The individual
spatial distribution of five types of antibiotics showed
similar characteristics with that of total antibiotics. The
highest total concentration was found at Z3 and Z4 in dry
season (3338 ng/L and 2736 ng/L) and wet season (3703
ng/Land 904 ng/L). The water in the west channel and the
front channel flowed through the downtown with a large
population and high emission of domestic sewage, which

could be the main reason for the higher concentrations of
antibiotics in west channel and front channel. Addition-
ally, the concentration of antibiotics was higher in West
channel compared with Front channel might be due to the
former was affected by both industrial and domestic
sewage (Huang et al. 2019). While for the back channel,
antibiotic concentration was reduced by the inputs of
fresh water from Dongping Waterway and increased
sewage treatment systems nearby.

Ecological risk assessment of antibiotics

In this work, the MEC and PNEC values of each anti-
biotic for aquatic organisms (e.g. algae, daphnia, and
fish) were used to calculate the RQs and evaluate the
ecological risks. The PNEC values were obtained from
previous research on thechronic or acute toxicity of
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aquatic organisms, and the detailed toxicity data and
PNEC values were presented in the Table S2.

As shown in Fig. 4, the results of risk assessment
revealed that most RQs were below 1.0, which indicated
medium-low risks to organisms at different trophic levels
during the wet and dry season. However, among the 18
antibiotics, ETM-H2O showed relatively higher RQ,
which suggested its high risk to aquatic organisms, espe-
cially to Anabaena sp. ETM-H2O was the main form of
ETM in surface water which was easily enriched in sed-
iments because of their high Koc and octanol-water par-
tition coefficient (Log Kow) (Table S3). The release of
ETM-H2O from sediments resulted in long-term exposure
of aquatic organisms, which may cause the chronic and
combined risks. It was reported that ETM posed medium
to high risk in the Haihe River and the Songhua River
(Chen et al. 2018). Compared to these two major rivers in
China, the ecological risk of ETM-H2O in the Guangzhou
urban river, Pearl River was higher. Therefore, more
attention should be paid for the contamination from
ETM-H2O in Guangzhou urban rivers.

The analytical results revealed that RQs of all antibi-
otics showed clear seasonal signatures, except SDM,
SMX, and CLM, with higher values in the dry season
(Fig. 5). ETM-H2O was the dominant ecological risk
contributor in the sampling sites followed by TC. The
remaining 16 antibiotics caused medium-low risk. Over-
all, about 79.2% sites faced a high risk, which were
mostly located in west channel, front channel, and upper
reaches of the back channel, due to the presence of ETM-

H2O and TC. 20.8% sites faced a medium risk (sample
sites Z16–18 and Z22–23), which were located near the
Guangzhou university town. Most of these antibiotics
posed high risks at Z5 and Z7, because these two sites
were located near the heavily polluted city drains and the
hospitals, respectively. The control measures for antibi-
otic pollution risks in this urban water should be made
based on the seasonal and spatial distribution character-
istics of antibiotic types with high risk.

Possible sources of antibiotics

The source contribution was identified by PCA, followed
byMLR. The results of PCA were presented in Fig. 6 and
Table 3. Six principal components (PC1-6, eigenvalue of
> 1) were obtained after varimax rotation, and each com-
ponent accounted for 23.4%, 20.4%, 11.9%, 11.5%,
10.9%, and 6.24% of the total variance, respectively,
which indicated the presence of multiple sources of anti-
biotic residues. In the sampling sites, there are 26 large and
medium-sized hospitals, 23 small and medium-sized phar-
maceutical enterprises, 6 municipal wastewater treatment
plants with a daily handling capacity of 50,000 tons, 4
large-scale aquaculture farms, and 1 livestock farm, main-
ly distributed in the front channel and the upper reaches of
the back channel. PC1contained the high factor loadings
of five antibiotics, such as SQX, SDM, SMR, SDZ, and
SMD, which were often detected with high concentration
in themunicipal sewage treatment plants (Wei et al. 2018).
Moreover, the correlation analysis showed that these five

Fig. 4 Risk quotients (RQs) of
target antibiotics in the surface
water of the Pearl River in the wet
and dry seasons. Different
symbols represent the mean RQs
for two seasons, and the bars
represent their maximum and
minimum RQs
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antibiotics were significantly correlated and thus theywere
probably from the same source (Table S4). Thus, PC1
indicated the municipal wastewater treatment plants. PC2
was mainly associated with OFX, CFX, and NFX. The
concentration of OFX was positively correlated with CFX
and NFX (Table S4). OFX was commonly used in the
treatment of human diseases and often detected in hospital
sewage (Chen et al. 2012; Dinh et al. 2017; Liu et al.
2017). Furthermore, OFX was also the main type of
antibiotic discharged by pharmaceutical factory of Guang-
zhou (Wei et al. 2018). Therefore, PC2 represented hospi-
tal wastewater and pharmaceutical wastewater. PC3 was
characterized by high loadings of CLM and SPD. CLM

was only allowed to be used to treat human diseases in
China (Xue et al. 2013) and SPD was mainly discharged
from hospitals (Wei et al. 2018). Consequently, PC3 indi-
cated the source of hospital wastewater. PC4 was only
highly loaded by SMX, that was a commonly used veter-
inary drug (Chen et al. 2017; Selvam et al. 2017;
Spielmeyer et al. 2017; Wei et al. 2018). SMX was often
found in aquaculture wastewater and thus PC4 represented
the source of aquaculture wastewater. The profile of PC5
showed high loadings of TC and OTC. These compounds
were frequently employed to treat and prevent animal
diseases as well as enhance animal growth due to their
broad spectrum and low price (Bound and Voulvoulis

Fig. 5 Ecological risk assessment of the antibiotics in the river water at each sampling site in the wet and dry season.

Fig. 6 The principal component
analysis diagram for antibiotics in
the Pearl River

Environ Monit Assess (2021) 193: 9898 Page 10 of 14



2004), and were frequently detected in aquaculture farms
(Wei et al. 2018). Therefore, PC5 could represent the
contribution from aquaculture farms and livestock farms.
PC6 correlated only with SCP. Because this compound
was commonly used in veterinary drugs, PC6 would
represent aquaculture wastewater. In summary, there were
five potential sources of antibiotics including municipal
wastewater treatment plants, hospitals, pharmaceutical fac-
tories, aquaculture, and livestock farms.

The resulting equation by PCA-MLR model was as
follows:

bZsum ¼ 0:976FS1 þ 0:008FS2 þ 0:137FS3

þ 0:027FS4 þ 0:067FS5

þ 0:088FS6 R2 ¼ 0:985ð Þ

By expanding bZsum , the MLR equation was written
as:

Zsum ¼ 0:976 σ FS1 þ 0:008 σ FS2 þ 0:137σFS3

þ 0:027 σ FS4 þ 0:067 σ FS5 þ 0:088 σ FS6

þmean Zsum½ �

where σ and mean [Zsum] were 698.80 ng/L and
826.98 ng/L, respectively. Notably, the six components
(PC1–6) were retained, and the mean percentage contri-
bution Bk/∑Bk was 74.9% for municipal wastewater
treatment plants (Factor 1), 11.1% for hospitals and
pharmaceutical factories (Factor 2 and Factor 3), and
14.0% for livestock farms and aquaculture source (Fac-
tor 4, Factor 5, and Factor 6). Therefore, municipal
wastewaters could serve as the primary sources for
antibiotic pollution in Guangzhou urban rivers.

Table 3 Varimax-rotated component matrix following principal component analysis of all water samples

Antibiotics Component

1 2 3 4 5 6

SQX 0.863 0.188 0.129 0.155 − 0.045 − 0.173

TMP 0.479 0.460 0.595 0.017 0.333 0.156

SCP − 0.105 − 0.079 − 0.084 − 0.031 − 0.058 0.866

SDM 0.744 0.212 0.152 0.138 0.212 0.273

SMD 0.940 − 0.093 − 0.057 0.065 − 0.117 − 0.159

SMR 0.958 − 0.091 − 0.055 0.029 − 0.072 − 0.118

SMX 0.060 − 0.006 0.077 0.910 0.091 0.087

SDZ 0.781 0.155 0.349 − 0.019 0.354 0.230

SPD 0.176 0.174 0.832 0.109 0.131 − 0.110

OFX 0.043 0.887 − 0.079 0.146 − 0.099 − 0.074

CFX 0.231 0.904 0.056 0.057 0.023 0.027

NFX 0.049 0.931 0.098 0.084 0.076 0.101

ROM − 0.224 0.652 0.087 0.248 0.091 − 0.258

CLM − 0.055 − 0.134 0.913 0.084 − 0.047 − 0.035

ETM-H2O 0.212 0.423 0.204 0.689 − 0.200 − 0.167

LIM 0.129 0.549 0.014 0.779 − 0.102 − 0.114

OTC − 0.135 − 0.050 − 0.003 0.024 0.867 − 0.089

TC 0.192 0.063 0.128 − 0.078 0.896 0.028

Eigen value 5.789 3.320 2.246 1.661 1.228 1.047

Percentage variance explained (%) 23.40 20.94 11.92 11.54 10.90 6.24

Extraction method: Principal component analysis

Rotation method: Varimax with Kaiser normalization

Environ Monit Assess (2021) 193: 98 Page 11 of 14 98



Conclusions

This study investigated the contamination situation, sea-
sonal variation, spatial distribution, ecological risks, and
potential sources of 18 antibiotics in the urban rivers,
Pearl River located in Guangzhou. The concentration of
antibiotic residues was at the nanogram per liter level,
except SMD (ug/L). SAs were the predominant antibi-
otics, contributing to 60.4–65.0% of the total antibiotics.
SAs, QUs, MLs, LCs, and TCs concentrations in dry
season were markedly higher than those in wet season at
most sampling sites. The concentration of the residues in
Guangzhou was present at high or moderate-average
levels compared to other urban rivers. Among these
antibiotics, the ETM-H2O and TC posed high risks to
aquatic organisms. The primary source of these antibi-
otics was municipal wastewater treatment plants. These
results would be helpful for the formulation of pollution
control andmitigation policies on antibiotics in this area.

Supplementary Information The online version contains sup-
plementary material available at https://doi.org/10.1007/s10661-
021-08887-5.
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