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ARTICLE INFO ABSTRACT

Keywords: Fifteen antibiotics, including seven sulfonamides (SAs); three macrolides (MLs); three quinolones (QNs); one
Antibiotics lincosamide, lincomycin (LIN); and one tetracycline (TC), were detected in the surface water of the Xi'an section
Occurrence

of the Weihe River by using high-performance liquid chromatography-mass spectrometry (HPLC-MS/MS). The
detection rates were 12.50-100%, and the detected concentrations were in the range of nd-270.60 ng/L. The
average detected concentrations of the SAs, MLs, QNs, LIN and TC were 113.68, 111.79, 20.55, 23.81 and
25.66 ng/L, respectively. Among these, SAs and MLs were the dominant antibiotics detected in the Weihe River.
Compared with those in other water bodies in China and abroad, the antibiotic residues in the Weihe River were
at a moderate contamination level. The SAs concentration distribution followed upstream > midstream >
downstream, while the MLs concentration distribution was midstream < downstream < upstream. The corre-
lation analysis and principal component analysis (PCA) indicated that domestic sewage, livestock discharge, and
aquaculture and pharmaceutical wastewater are the main sources of antibiotic residues in the Weihe River. In
addition, the detected ciprofloxacin (CFX), ofloxacin (OFX) and sulfamethoxazole (SMX) pose high ecological
risk in the short and long term.

Weihe River
Source apportionment
Principal component analysis

Antibiotics are widely used in human therapy, livestock production
and aquaculture (Kiimmerer, 2009). However, a portion of the ad-
ministered antibiotics can be excreted from the treated hosts in urine
and faeces due to incomplete absorbed by organisms (Carvalho and
Santos, 2016). Thus, antibiotics can enter the aquatic environment
through subsequent discharge of effluents from wastewater treatment
plants because of their incomplete removal, animal wastewater dis-
charge, agricultural activity wastewater and surface runoff (Bouki et al.,
2003; Davis et al., 2006; Deng et al., 2016). The antibiotics that enter
the aquatic environment are toxic to algae and bacteria, leading to the
production of resistant species and threatening watershed ecology and
drinking water safety (Watkinson et al., 2009). Therefore, the pollution
caused by antibiotics has become recognized as an emerging interna-
tional issue (Zou et al., 2011). In China, antibiotic problems have at-
tracted widespread attention as well.

China is the largest producer and user of antibiotics in the world
(Zhu et al., 2013). It was estimated that about 2.48 x 10° tons of an-
tibiotics were produced in 2013, > 1.62 x 10° tons were used each
year with total emission of 5.0 X 10*t into water and soil environment
(Zhang et al., 2015). Furthermore, it was reported that China showed

the second highest number of antibiotics diverse types in Asia (Rico
et al., 2012). Quinolones (QNs), macrolides (MLs) and sulfonamides
(SAs) are the most frequently used antibiotics, contributing approxi-
mately 15, 20, and 12%, respectively (Xu et al., 2009). However, there
were significant differences in the types and residue concentrations in
different water systems. Some studies showed that QNs, tetracyclines
(TCs) and MLs were the main antibiotic residues in the Wenyu River in
Beijing, with a concentration of nd-1430.30 ng/L (Zhang et al., 2015).
Erythromycin (ETM) and sulfamethoxazole (SMX) were the highest in
the Shenzhen River, with the concentrations of 1142 ng/L and 907 ng/
L, respectively. SMX was approximately nd-940 ng/L in Baiyangdian
Lake (Li et al., 2012). The QNs concentration was found to be nd-
214 ng/L in the Liaohe River (Qin et al., 2015) and nd-6800 ng/L in
Bohai Bay, China (Zou et al., 2011). The norfloxacin (NFX) con-
centration was nd-300 ng/L in the Yellow River (Xu et al., 2009).

The Weihe River is the largest tributary of the Yellow River, with a
basin area of 134,800 km?, of which 49.80% is in Shaanxi Province.
According to the environmental quality standard for surface water of
the Peoples' Republic of China (GBCNEP, 2002), the Weihe River is
severely polluted with a water quality level inferior to the V class based
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on an evaluation of chemical oxygen demand (COD), NH3-N and other
indicators. However, the existing research was mainly focused on non-
point source pollution and governance, the residue of antibiotics has
rarely been discussed thus far. Considering the potential adverse effects
on ecosystem and human health, it is urgent to understand the occur-
rence, distribution, and source of antibiotic residues in the Weihe River.
In addition, these results would help the local governments formulate
scientific and reasonable prevention and control measures to ensure the
sustainable development of the regional economy. Thus, the objectives
of this paper were (1) to detect the occurrence of antibiotic pollutants in
the Weihe River, (2) to determine their distribution characteristics and
analyse the sources of antibiotics by principal component analysis
(PCA), and (3) to assess the potential ecological risks of the detected
antibiotics.

This study focused on occurrence, distribution and risk assessment
of fifteen antibiotics, belonging to five classes in surface water of the
Weihe River Xi'an section. Antibiotic standards used in this study were
as follows: Strong anion exchange (SAX) cartridges (6 mL, 500 mg)
were provided by Varian (Lake Forest, CA, USA). Oasis hydrophilic-
lipophilic balance (HLB) cartridges (6 mL, 200 mg or 6 mL, and 500 mg)
were supplied by Waters (Milford, MA, USA), and Agilent provided
Zorbax eclipse plus C;g column (100 mm X 2.1 mm, 1.8 pm). Glass fibre
filters (GF/F, pore size 0.7 um) were purchased from Whatman
(Maidstone, England) and pyrolysed at 450 °C for 4 h prior to use.

High-performance liquid chromatography (HPLC)-grade methanol
was purchased from Merck (Darmstadt, Germany). Formic acid was
obtained from Tedia Company (Fairfield, OH, USA). Oxalic acid and
ammonium acetate were supplied by Sigma-Aldrich (St Louis, MO,
USA). Disodium ethylenediamine tetraacetate (Na,EDTA), citric acid
and sodium citrate were of analytical grade and were purchased from
Yaohua Chemical Reagent Factory (Tianjin, China). Ultrapure water
was prepared with a Milli-Q water system.

The target standards were the following: sulfapyridine (SPD), sul-
fadiazine (SDZ), sulfamethazine (SMZ), sulfamethoxazole (SMX), sul-
famonomethoxine (SMM), sulfaquinoxaline (SQX), trimethoprim
(TMP), oxytetracycline (OTC), norfloxacin (NFX), ciprofloxacin (CFX),
ofloxacin (OFX), clarithromycin (CTM), and lincomycin (LIN)) were
purchased from Dr. Ehrenstorfer GmbH (Germany). Antibiotic roxi-
thromycin (RTM) and erythromycin (ETM) were obtained from Sigma-
Aldrich (St. Louis, MO, USA). Internal standard meclocycline (MC) was
purchased from Sigma-Aldrich (St Louis, MO, USA), while sulfamer-
azine (SMR) and chloramphenicol-Ds(CAP-Ds) were obtained from Dr.
Ehrenstorfer GmbH (Germany). Other isotope-labelled internal stan-
dards, sulfamethoxazole-D4 (SMX-Dy), erythromycin-lsc-Dg (ETM-'3C-
D3), ciprofloxacin-Dg, trimethoprim-D; (TMP-D3) and lincomycin-D3
(LIN-D3), were obtained from Toronto Research Chemicals (North York,
ON, Canada), while sulfamethazine-'*C¢(SMZ—'3C¢) was purchased
from Cambridge Isotope Laboratories (Andover, MA, USA). Standard
products (purity > 95%) are pure solid material. Approximately 10 mg
of individual standard was accurately weighed. Quinolones (QNs) were
first dissolved in 0.5mL NaOH and then diluted to 100 mL with me-
thanol. Other agents were dissolved in 100 mL of methanol, and stock
solutions were stored at —20°C. From these stock solutions, the
working solutions were prepared by gradient dilution.

The sampling was conducted in May 2016 from 8 sites on the Weihe
River Xi'an section (including Lintong, Gaoling, Xi'an and Xianyang),
and the detailed sampling sites are shown in Fig. 1 and Table S1. The
climate in the region is characterized as temperate continental monsoon
with a mean annual precipitation of 610 mm approximately, 80% of
which falls between June and October (Chang et al., 2015). Therefore,
during the sampling period, the Weihe River was in the dry season;
there was no rain, and the average monthly flow in Xianyang and Xi'an
were 49.30 and 115 m®/s, respectively.

All the water samples were collected using a water grab sampler
from approximately 50 cm below the surface. The volume of the col-
lected samples was 2.5L. The samples were stored in brown glass
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bottles, which were rinsed with the water samples three times before
the final sample was collected. The water samples were kept at 4 °C in a
cold storage room until further treatment and analysis.

The collected water samples were filtered through Whatman GF/F
(0.7 um) to remove suspended particles. A total of 1000 mL of surface
water was extracted by solid-phase extraction (SPE) with Oasis HLB
cartridges (6 mL, 500 mg). The target antibiotic compounds were ana-
lysed by HPLC-mass spectrometry (MS/MS) (Agilent Liquid
Chromatography 1200 series HPLC system coupled with an Agilent
6460 triple quadrupole MS equipped with an electrospray ionization
(ESI) source (Agilent, Palo Alto, CA, USA)) in the multiple-reaction
monitoring (MRM) mode. The analyses were performed in the positive
mode for the target compounds. The liquid chromatography (LC)
parameters were as follows: an Agilent Zorbax eclipse plus C;g column
(100 mm X 2.1 mm, 1.8 um) with the corresponding pre-column filter
(2.1mm, 0.2pum); sample quantity: 5pL; total flow: 0.3 mL/min;
column temperature: 40 °C; mobile phase A: 0.2% formic acid and
2mM ammonium acetate; mobile phase B: acetonitrile; and gradient
elution programme: 0 min 10% B, 5min 15% B, 7 min 20% B, 11 min
40% B, 15min 60% B, 16 min 95% B, and 25 min 95% B. The MS
conditions were as follows: gas temperature and gas flow: 325°C and
6 L/min, respectively; nebulizer: 45 psi; sheath gas flow and tempera-
ture: 11 L/min and 350 °C, respectively; and capillary and nozzle vol-
tages: 3500V and 0V, respectively. The optimized parameters for mass
spectrometry are shown in Table S2.

Concentrations of the target compounds in the samples were per-
formed using an internal standard method. Under the optimized con-
ditions, the antibiotic standard solution showed a good linear re-
lationship in the range of 5-200 pg/L. Different concentrations of the
individual antibiotics were used as standards and the squared correla-
tion coefficients for the calibration curves were not lower than 0.995
(P < 0.05). For the antibiotics that existed initially, the method
quantitation limit (MQL) and method detection limit (MDL) were esti-
mated by determining the signal-to-noise ratio (S/N) of the minimum
measured concentrations and extrapolating to S/N values of 10 and 3.
The MDLs were 0.19-1.09 ng/L, and the MQLs of the antibiotics from
the surface water were 0.63-3.63 ng/L. The details are shown in Table
S3. Taking the surface water of Xi'an section of the Weihe River as the
base and adding the target mixed antibiotic standard, the samples with
10ng/L and 100 ng/L concentrations were set up with 3 parallel sam-
ples each sample. The recoveries and standard deviations of the various
antibiotics were determined according to the above optimized experi-
mental method. The results are shown in Table S3. The recoveries of the
target compounds were 87%-170%.

A correlation analysis was used to determine whether the pollution
sources of different antibiotics are the same. And principal component
analysis (PCA) can recombine the complex antibiotic components in
surface water and sum several PCs to explain the main pollutant sources
of antibiotics (Deng et al., 2017). Six SAs (SDZ, SMZ, SMX, SMM, SPD
and SQX), three QNs (CFX, OFX and NFX), three MLs (CTM, RTM and
ETM), LIN, OTC and TMP with high detectable rates in the water
samples were analysed by PCA. The correlation analysis and PCA were
completed using SPSS 20 statistical software. The correlation analysis
was performed using the Pearson correlation method. The PCA of the
analytical data was executed to obtain a visual representation of the
main characteristics, and the principal components (PCs) were ex-
tracted for eigenvalues that were > 1. Microsoft office Excel 2010 was
used to process data.

The ecological risks are generally evaluated by risk quotients (RQs).
RQs of the targeting aquatic organisms were calculated according the
Eq. (1) (BielMaeso et al., 2018), and the European Commission (EC,
2003) has released technical guidance documents on risk assessments.

RQs = MEC/PNEC (@)

where MEC and PNEC are the measured environmental concentrations
and the predicted no-effect concentrations, respectively. The PNEC is
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Fig. 1. Map of sampling sites in the mainstem and tributaries of the Xi'an section of the Weihe River.

obtained from ECs or LCs, divided by assessment factor from acute
toxicity data, or from chronic no observed effect concentration (NOEC)
values divided by assessment factor. Ecological risks are determined as
low risk with RQ < 0.1, moderate risk with 0.1 < RQ < 1, and high
risk with RQ > 1 (Hernando et al., 2006).

The types and residues of antibiotics in the Weihe River are sum-
marized in Table 1 and Fig. 2. As shown in Table 1, the detection rate of
10 antibiotics was higher than 50%, and which ETM, RTM, SMX, SPD,
TMP and LIN were 100%; SMM and SDZ were 87.50%; and OFX and
SMZ were 75%.

As shown in Fig. 2, the residues with a 100% detection rate followed
a trend of ETM > SMX > RTM > LIN > TMP > SPD, and the cor-
responding average concentrations were 83.99, 70.81, 25.52, 23.81,
12.25 and 7.19 ng/L, respectively.

In this study, six antibiotics with detection rates higher than 75%
were compared with those in other river bodies in China and abroad
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(Table 2). Compared with that in northern Chinese rivers (Wenyu River,
Liaohe River, and the Yellow River), RTM concentration was lower,
SDZ, SMX, SMZ and TMP concentrations were higher, while OFX con-
centration was at a moderate level in the Weihe River. Compared with
concentrations in southern Chinese rivers (the Zhujiang River and the
Yongjiang River), in the Weihe River, RTM, OFX and SMX were at a
moderate level. By comparison with that in rivers abroad (the Seine
River, the Elbe River, and the Mekong River), RTM and SMX con-
centrations were at a moderate level, while OFX concentration was
higher in the Weihe River. OFX and TMP concentrations in Weihe River
were higher than that in lakes and bays, such as Baiyangdian Lake and
Qinzhou Bay.

As shown in Fig. 3, the antibiotics detected at sampling points 1, 3
and 4 presented more types and higher concentrations, with 12 anti-
biotics detected and a total concentration in the range of
2.07-276.60 ng/L. Six SAs, three MLs, one QNs, one TC and LIN were
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Antibiotics species and concentration in the surface water of the Weihe River Xi'an section.

Antibiotics Abbreviation Concentration range (ng/L) Average (ng/L) Mid (ng/L) Detection rate (%)
Ciprofloxacin CFX nd~7.32 7.32 7.32 12,5
Clarithromycin CTM nd~10.10 9.11 = 1.41 9.11 25
Erythromycin ETM 23.30-276.60 83.99 + 8.53 53.07 100
Lincomycin LIN 3.63-125.33 23.81 + 4.14 9.10 100
Norfloxacin NFX nd~39.21 18.21 = 1.82 8.14 37.5
Ofloxacin OFX nd~71.99 17.08 = 2.70 6.37 75
Oxytetracycline OTC nd~103.81 102.63 + 1.68 102.63 25
Roxithromycin RTM 1.57-59.49 25.52 = 212 23.98 100
Sulfadiazine SDZ nd~7.95 541 = 1.93 5.22 87.5
Sulfamethazine SMZ nd~7.32 3.87 = 1.76 3.29 75
Sulfamethoxazole SMX 7.6-114.46 70.81 + 3.93 78.16 100
Sulfamonomethoxine SMM nd~14.74 9.70 = 3.68 9.66 87.5
Sulfapyridine SPD 2.07-16.77 7.19 + 5.23 5.53 100
Sulfaquinoxaline SQX nd~17.91 10.36 = 1.07 10.36 25
Trimethoprim TMP 3.46-36.04 12.25 += 1.05 8.24 100
Note: nd, not detected.
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Fig. 2. Average concentrations of antibiotics.

detected at sampling point 1. Six SAs, two QNs, three MLs, and one LIN
were at sampling point 3. Six SAs, three QNs, two MLs, and one LIN
were at sampling point 4.

Based on the population, the distribution of factories and aqua-
culture, Xi'an section of the Weihe River was divided into three sec-
tions: upstream (Xianyang urban area, including sampling points 7 and
8); midstream (Xi'an area, including sampling points 3, 4, 5 and 6); and
downstream (Gaoling and Lintong area, including sampling points 1
and 2). The population density increases from upstream to downstream,
and the antibiotics detected showed the same pattern, with the total
concentrations of 105.31 ng/L, 175.60 ng/L and 289.67 ng/L, respec-
tively (Fig. 3).

Antibiotics types at each sampling point are shown in Figs. 4 and S1.

Table 2
Global comparison of six antibiotic concentrations (ng/L) in surface water.

s
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Fig. 3. Antibiotic concentration distributions in the Xi'an section of the Weihe
River.

The concentrations of LIN was downstream (64.48 ng/L) > upstream
(14.49ng/L) > midstream (8.16 ng/L). The SA residue was upstream
(123.92ng/L) > midstream (115.81 ng/L) > downstream (80.27 ng/
L). OTC was only detected in downstream, with an average con-
centration of 102.63 ng/L. The distributions of MLs and QNs followed
midstream > downstream > upstream, and the residues at sampling
points 3 and 4 were especially high, with the total concentrations
achieving 344.20ng/L and 118.52ng/L, respectively. Which was at-
tributed to the poultry and livestock breeding areas around the Bagiao
District, and dairy cattle and aquaculture area near the Weiyang Dis-
trict. MLs and QNs were more easily detected in the aquatic

Research region Roxithromycin  Ofloxacin

Sulfadiazine Sulfamethoxazole Sulfamethazine Trimethoprim Reference

North China Beijing Wenyu River 7.5-141.7 25.1-1213.6
Liaohe River 12-24(17)
Yellow River nd~95 nd~264
Weihe River 1.57-59.49 nd~71.99

South China Zhujiang River(Guangzhou) 13-169 53-108
Yongjing River nd~6.1 0.77-21.8

Foreign Seine River, France nd~350 30
Elbe River, German nd~40
Mekong River, Vietnam

Estuaries and bays Baiyangdian Lake nd~155 0.38-32.6

Qinzhou Bay

nd~7.95

0.86-505
nd~3.41

(Zhang et al., 2015)

nd~21 nd~8 (Qin et al., 2015)
nd~56 (Xu et al., 2009)
7.6-114.46 nd~7.32 3.46-36 (This study)
111-193 (Xu et al., 2007)
5.6-78.8 (Wu et al., 2013)
40-140 (Tamtam et al., 2008)
30-70 (Wiegel et al., 2004)
20-33 (Managaki et al., 2007)
nd~940 nd~16.1 (Li et al., 2012)
nd~10.4 nd~3.39 nd~3.77 (Xue et al., 2013)
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environment near livestock breeding and aquaculture areas (Zhang
et al., 2015).

SAs antibiotics are the main clinical drugs widely used in China
(Tang et al., 2015). SAs cannot be effectively removed through the
current sewage treatment process (Yuan et al., 2019). The relatively
high residue of SAs in upstream was attributed to the dense population
in Xianyang City, where more antibiotic sewage, industrial waste and
medical wastewater were discharged into the Weihe River than other
locations. The average concentration of SAs at sampling point 4 in
midstream achieved the highest, 194.84 ng/L. That is due to the sur-
rounding livestock breeding area.

The concentrations of LIN and OTC in downstream were the highest,
because the district is a dominant fishery breeding area, and there are
many livestock farms as well. Studies have shown that OTC remains in
fish pond sediments and water (Liu et al., 2008), and LIN is also fre-
quently associated with the treatment of respiratory diseases such as
avian pneumonia and diarrhoea (Kim et al.,2013).

As shown in Table 3, CFX, NFX, OFX, SMZ and TMP were extremely
significantly correlated (P < 0.01), while CTM, ETM, LIN and RTM
were significantly correlated (P < 0.05). SDZ, SMM and SPD were
extremely significantly correlated (P < 0.01); SMZ, SPD, and TMP
were also extremely significantly correlated (P < 0.01); SMX and SPD
were significantly correlated (P < 0.05). The above analysis indicated
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that the pollution sources of CFX, NFX, OFX, SMZ, TMP, and SPD were
the same; the pollution sources of SPD, SDZ, SMM, and SMX were the
same; and that of CTM, ETM, LIN, and RTM were the same.

As shown in Table S4, the varimax rotation reduced all the variables
to four different PCs, which represented 93.52% of the total variance.
Among these, PC1 accounted for 45.19%, PC2 for 28.07%, PC3 for
13.29%, and PC4 for 6.97%.

Fig. 5 and Table S5 show that PC1 had strong positive loadings on
CFX, NFX, OFX, TMP and SMZ. As mentioned above, these antibiotics
were highly detected at sampling point 4. Wastewater treatment plants
(WWTPs) are regarded as one of the most important sources of anti-
biotics in the environment. TMP, OFX, and NFX were found to be the
predominant antibiotics in the WWTP effluents (Zhou et al., 2013). The
Xi'an Fourth sewage treatment plant is located near point 4. Therefore,
PC1 represented the source of domestic sewage pollution. PC2 had
strong positive loadings on ETM, RTM, SDZ, SMX, and SMM, and the
highest concentrations of these antibiotics were detected at sampling
point 3, where many livestock breeding areas and pharmaceutical
factories are located. It was estimated that approximately 40% of the
antibiotics were used in livestock (Xu et al., 2009). SAs have been de-
tected in livestock WWTPs (Kim et al., 2013). Therefore, PC2 re-
presented the source of livestock wastewater pollution and pharma-
ceutical wastewater pollution. PC3 had strong positive loadings on LIN
and OTC and represented the source of aquaculture wastewater

Table 3
Correlation analysis of surface water antibiotics in Xi'an section of the Weihe River.
CFX CIM ETM LIN NFX OFX OTC RTM SDZ SMZ SMX SMM SPD SQX TMP

CFX 1 —-0.216 —0.280 -0.187 0.862 0.977 —-0.218 0.145 0.490 0.913 0.360 0.452 0.740 —0.163 0.919
CTM 1 0.796 0.811 —0.355 —0.264 0.409 0.779 0.437 0.065 0.394 0.493 0.251 —0.245 0.026
ETM 1 0.328 -0.329 —0.286 0.008 0.812 0.539 —0.040 0.546 0.525 0.408 -0.163  —0.175
LIN 1 —0.354 -0.227 0.595 0.500 0.128 0.097 0.209 0.220 —0.047 -0.121 0.100
NFX 1 0.895 —0.090 —0.106 0.198 0.731 0.210 0.124 0.552 0.147 0.794
OFX 1 -0.305 0.121 0.473 0.917 0.431 0.412 0.735 0.016 0.869
OTC 1 —0.040 —0.477 —0.192 -0.329 —0.400 —0.370 —0.248 0.144
RTM 1 0.767 0.450 0.831 0.764 0.699 -0.277 0.262
SDZ 1 0.652 0.710 0.988 0.867 —0.145 0.377
SMZ 1 0.654 0.617 0.836 —0.049 0.887
SMX 1 0.638 0.788 0.070 0.372
SMM 1 0.807 —0.198 0.359
SPD 1 —0.210 0.681
SQX 1 —-0.307
TMP 1

* Significant correlation was found at the 0.05 level (bilateral).
** Significant correlation was found at the 0.01 level (bilateral).
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Fig. 6. Ecological risks of antibiotics in the Xi'an section of the Weihe River.

pollution. LIN and OTC were detected in high amounts at sampling
points 1 and 2, where many aquaculture areas were located. In addi-
tion, > 47.4 million tons of farmed aquatic products have been pro-
duced in mainland China (Liu et al., 2017). OTC is also a typical anti-
biotic in the marine aquaculture farms surrounding Hailing Island,
South China (Chen et al., 2015). SQX had strong positive loadings in
PC4, and its highest concentration was detected at sampling point 8,
where Xianyang City is located. Therefore, PC4 represented the other
pollution. In summary, the main sources of antibiotics in the Xi'an
section of the Weihe River are domestic sewage, livestock wastewater,
pharmaceutical wastewater, and aquaculture wastewater.

Recently, with the widespread detection of antibiotics in the natural
ecosystem across the world, the potential influence of antibiotics on
organisms in water and sediment has become an important research
issue. In this study, the calculated RQs of the antibiotics for algae or-
ganisms and the species tested were Microcystis aeruginosa, Rhodomonas
salina, Vibrio fischeri, Pseudokirchneriella subcapitata, Selenastrum capri-
cornutum, Scenedesmus vacuolatus, Synechococcus leopoliensis and Lemna
minor. The specific evaluation results are shown in Table S6 and Fig. 6.

As shown in Fig. 6, CFX and OFX posed a short-term high ecological
risk to the corresponding aquatic organisms at sampling point 4. NFX
and RTM posed moderate ecological risk at different sampling points. In
addition to sampling points 2 and 6, SMX posed moderate ecological
risk to corresponding aquatic organisms, and SMX posed high ecolo-
gical risks at other sampling points. SMX was the important contributor
to ecological risk due to their low PNEC values. In previous reports,
both short-term and long-term ecological risks posed by detected SMX
were at high levels (Chen et al., 2017). It is reported that SMX was the
most toxic antibiotics in Chaohu, east China (Tang et al., 2015). SMX
showed relatively high RQ values for the selected organisms in the
Yangtze Estuary (Yan et al., 2013), and in Korea (Lee et al., 2008),
where SMX was shown to pose relatively high ecological risks. This was
due to the fact that SMX inhibit phagocytic activity despite at con-
siderably low concentrations (Park and Choi, 2008). Although the an-
tibiotics residue in the environmental samples were quite low, its strong
ability to absorb on sediment can lead to the contamination of surface
water, be toxic to aquatic organisms (Boxall et al., 2003; Robinson
et al., 2005). Nevertheless, it should be noted that the single-compound
exposure scenarios are unrealistic. In the real environment, the mixture
effect of multiple contaminants is ubiquitous, which may cause con-
siderable ecological concerns (Leung et al., 2012).

Acknowledgement

The authors are grateful for the financial support provided by
Shaanxi Natural Science Foundation of Shaanxi province
(2017JM5082), the Research Plan Project of the Department of Water
Resources, Shaanxi Province (Grant no. 2013slkj-07), and the National
Natural Science Foundation of China project (N0.41807156).

- Moderate risk

799

Marine Pollution Bulletin 146 (2019) 794-800

SMZ

SMX SPD

B i ik

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.marpolbul.2019.07.016.

References

BielMaeso, M., BaenaNogueras, R.M., CoradaFernandez, C., et al., 2018. Occurrence,
distribution and environmental risk of pharmaceutically active compounds (PhACs)
in coastal and ocean waters from the Gulf of Cadiz (SWSpain). Sci. Total Environ.
612, 649-659.

Bouki, C., Venieri, D., Diamadopoulos, E., 2003. Detection and fate of antibiotics resistant
bacteria in wastewater treatment plants: a review. Ecotoxicol. Environ. Saf. 91, 1-9.

Boxall, A.B.A., Kolpin, D.W., Halling, S.B., et al., 2003. Peer reviewed: are veterinary
medicines causing environmental risks. Environ. Sci. Technol. 37, 286A-294A.

Carvalho, I.T., Santos, L., 2016. Antibiotics in the aquatic environments: a review of the
European scenario. Environ. Int. 94, 736-757.

Chang, J.X., Wang, Y.M., Erkan, L., et al., 2015. Impact of climate change human activities
on runoff in the Weihe River Basin, China. Quat. Int. 380-381, 169-179.

Chen, H,, Liu, S., Xu, X.R., et al., 2015. Antibiotics in typical marine aquaculture farms
surrounding Hailing Island, South China: occurrence, bioaccumulation and human
dietary exposure. Mar. Pollut. Bull. 90, 181-187.

Chen, C.Q., Zheng, L., Zhou, J.L., Zhao, H., 2017. Persistence and risk of antibiotic re-
sidues and antibiotic resistance genes in major mariculture sites in Southeast China.
Sci. Total Environ. 580, 1175-1184.

Davis, J.G., Truman, C.C., Kim, S.C., et al., 2006. Antibiotics transport via runoff and soil
loss. J. Environ. Qual. 35, 2250-2260.

Deng, W.J., Li, N., Zheng, H.L., et al., 2016. Occurrence and risk assessment of antibiotics
in river water in Hong Kong. Ecotoxicol. Environ. Saf. 125, 121-127.

Deng, Q.C., Wang, X.F., Yin, J., et al., 2017. Spatial distribution and source analysis of
heavy metals in sediments of the upstream of Xijiang Basin within the nonferrous
metal accumulation areas. Res. Environ. Sci. 8, 1-11.

European Commission, 2003. Technical Guidance Document in Support of Commission
Directive 93//67/EEC on Risk Assessment for New Notified Substances and
Commission Regulation (EC) no.1488/94 on Risk Assessment for Existing Substances
Part I. Office for Official Publications of the European Communities, Luxembourg, pp.
5-297.

General Bureau of China National Environmental Protection, 2002. Environmental
Quality Standard for Surface Water GHZB1-1999. National Environmental Protection
Standard, pp. 4-9.

Hernando, M.D., Mezcua, M., Fernandez-Alba, A.R., et al., 2006. Environmental risk as-
sessment of pharmaceutical residues in wastewater effluent surface waters and se-
diments. Talanta 69 (2), 334-342.

Kim, H., Hong, Y.M., Park, J.E., et al., 2013. Sulfonamides and tetracyclines in livestock
wastewater. Chemosphere 91, 888-894.

Kiimmerer, Klaus, 2009. Antibiotics in the aquatic environment a review-part 1.
Chemosphere 75, 417-434.

Lee, Y.J., Lee, S.E., Lee, D.S., et al., 2008. Risk assessment of human antibiotics in Korean
aquatic environment. Environ. Toxicol. Pharmacol. 26 (2), 216-221.

Leung, H.W., Minh, T.B., Murphy, M.B., et al., 2012. Distribution, fate and risk assessment
of antibiotics in sewage treatment plants in Hong Kong, South China. Environ. Int.
42, 1-9.

Li, W.H., Shi, Y.L., Gao, L.H., et al., 2012. Occurrence of antibiotics in water, sediments,
aquatic plants, and animals from Baiyangdian Lake in North China. Chemosphere 05,
79-87.

Liu, X., Joshua, C.S., Meng, X.Z., 2017. Usage, residue, and human health risk of anti-
biotics in Chinese aquaculture: a review. Environ. Pollut. 223, 161-169.

Liu, J.Q., Zhuge, Y.P., Yang, H., 2008. Residue status and environmental behavior of
veterinary antibiotics. Chinese Journal of Soil Science 39 (5), 1198-1203.

Managaki, S., Murata, A., Takada, H., et al., 2007. Distribution of macrolides, sulfona-
mides, and trimethoprim in tropical waters: ubiquitous occurrence of veterinary
antibiotics in the Mekong Delta. Environ. Sci. Technol. 41, 8004-8010.

Park, S., Choi, K., 2008. Hazard assessment of commonly used agricultural antibiotics on
aquatic ecosystems. Ecotoxicology 17, 526-538.

Qin, Y.W., Zhang, L., Shi, Y., et al., 2015. Contamination characteristics and ecological
risk assessment of typical antibiotics in surface water of the Daliao River, China. Res.


https://doi.org/10.1016/j.marpolbul.2019.07.016
https://doi.org/10.1016/j.marpolbul.2019.07.016
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0015
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0015
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0015
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0015
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0020
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0020
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0025
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0025
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0030
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0030
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0035
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0035
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0040
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0040
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0040
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0045
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0045
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0045
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0050
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0050
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0055
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0055
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0060
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0060
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0060
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0065
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0065
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0065
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0065
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0065
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0075
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0075
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0075
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0080
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0080
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0080
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0095
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0095
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0105
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0105
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0110
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0110
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0115
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0115
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0115
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0120
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0120
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0120
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0125
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0125
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf9000
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf9000
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0135
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0135
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0135
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0140
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0140
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0145
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0145

J. Wang, et al.

Environ. Sci. 28 (3), 361-368.

Rico, A., Satapornvanit, K., Haque, M.M., et al., 2012. Use of chemicals and biological
products in Asian aquaculture and their potential environmental risks: a critical re-
view. Aquaculture 4 (2), 75-93.

Robinson, A.A., Belden, J.B., Lydy, M.J., 2005. Toxicity of fluoroquinolone antibiotics to
aquatic organisms. Environ. Toxicol. 24 (2), 423-430.

Tamtam, F., Mercier, F., Le Bot, B., et al., 2008. Occurrence and fate of antibiotics in the
Seine River in various hydrological conditions. Sci. Total Environ. 393, 84-95.
Tang, J., Shi, T.Z., Wu, X.W., et al., 2015. The occurrence and distribution of antibiotics in
Lake Chaohu, China: seasonal variation, potential source and risk assessment.

Chemosphere 122, 154-161.

Watkinson, A.J., Murby, E.J., Kolpin, D.W., et al., 2009. The occurrence of antibiotics in
an urban watershed: from wastewater to drinking water. Sci. Total Environ. 407,
2711-2733.

Wiegel, S., Aulinger, A., Brockmeyer, R., et al., 2004. Pharmaceuticals in the River Elbe
and its tributaries. Chemosphere 57 (2), 107-126.

Wu, T.T., Zhang, R.J., Wang, Y.H., et al., 2013. Investigation of the typical antibiotics in
the sediments of the Yongjiang River, Nanning City, South China. China Environ. Sci.
33 (2), 336-344.

Xu, W.H., Zhang, G., Zou, S.C., et al., 2007. Determination of selected antibiotics in the
Victoria Harbour and the Pearl River, South China using high-performance liquid
chromatography-electrospray ionization tandem mass spectrometry. Environ. Pollut.
145 (3), 672-679.

800

Marine Pollution Bulletin 146 (2019) 794-800

Xu, W.H., Zhang, G., Zou, S.C., et al., 2009. A preliminary investigation on the occurrence
and distribution of antibiotics in the Yellow River and its tributaries. China. Water
Environ. Res. 81 (3), 248-252.

Xue, B.M., Yang, W.W., Wang, Y.H., et al., 2013. Occurrence, distribution and ecological
risks of sulfonamides in the Qinzhou Bay, South China. China Environ. Sci. 33 (9),
1664-1669.

Yan, C.X.,, Yang, Y., Zhou, J.L., et al., 2013. Antibiotics in the surface water of the Yangtze
Estuary: occurrence, distribution and risk assessment. Environ. Pollut. 175, 22-29.

Yuan, S.F., Liu, Z.H., Yin, H., et al., 2019. Trace determination of sulfonamide antibiotics
and their acetylated metabolites via SPE-LC-MS/MS in wastewater and insights from
their occurrence in a municipal wastewater treatment plant. Sci. Total Environ. 653,
815-821.

Zhang, Q.Q., Ying, G.G., Pan, C.G., et al., 2015. Comprehensive evaluation of antibiotics
emission and fate in the river basins of China: source analysis, multimedia modeling,
and linkage to bacterial resistance. Environ. Sci. Technol. 49 (11), 6772-6782.

Zhou, L.J., Ying, G.G., Liu, S., et al., 2013. Occurrence and fate of eleven classes of an-
tibiotics in two typical wastewater treatment plants in South China. Sci. Total
Environ. 452-453, 365-376.

Zhu, Y.G., Johnson, T.A., Su, G.Q., et al., 2013. Diverse and abundant antibiotic resistance
genes in Chinese swine farms. Proc. Natl. Acad. Sci. U. S. A. 110, 3435-3440.

Zou, S.C., Xu, W.H., Zhang, R.J., et al., 2011. Occurrence and distribution of antibiotics in
coastal water of the Bohai Bay, China: impacts of river discharge and aquaculture
activities. Environ. Pollut. 159, 2913-2920.


http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0145
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0150
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0150
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0150
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0155
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0155
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0160
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0160
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0165
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0165
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0165
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0170
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0170
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0170
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0180
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0180
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0185
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0185
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0185
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0190
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0190
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0190
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0190
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0195
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0195
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0195
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0200
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0200
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0200
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0205
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0205
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0215
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0215
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0215
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0215
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0220
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0220
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0220
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0225
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0225
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0225
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0230
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0230
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0235
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0235
http://refhub.elsevier.com/S0025-326X(19)30547-8/rf0235

	Occurrence and risk assessment of antibiotics in the Xi'an section of the Weihe River, northwestern China
	Acknowledgement
	Supplementary data
	References




