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The occurrence and distribution of five groups of antibiotics were investigated in the surface sediments of
the Yangtze Estuary over four seasons. Four tetracyclines (TCs), sulfaquinoxaline (SQ), enrofloxacin (EFC)
and thiamphenicol (TAP) were detected in all the samples, while sulfamerazine (SM) and sulfathiazole
(ST) showed the lowest detection frequency. The detection frequencies and antibiotic concentrations
were generally higher in January and May, indicating that low flow conditions and low temperature
might enhance the persistence of antibiotics in sediment. Antibiotic levels varied with location, with
the highest concentrations being observed around river discharges and sewage outfalls. Furthermore, a
positive correlation between the concentration of quinolones and TOC revealed the significant role played
by TOC. The concentration of quinolones at Wusongkou exceeded the trigger value (0.10 mg kg�1) of the
Steering Committee of the Veterinary International Committee on Harmonization (VICH), which should
be paid attention to in future studies.

� 2014 Elsevier Ltd. All rights reserved.
The discovery and application of antibiotics has played an
extremely important role in the prevention and treatment of
human and animal diseases, and they are applied widely in live-
stock and aquaculture as additives to accelerate the growth of ani-
mals and to increase yields (Schlüsener and Bester, 2006). The
annual usage of antibiotics has been estimated to be between
100,000 and 200,000 tons globally, with more than 25,000 tons
per year in China (Xu et al., 2007). As much as 80–90% of these
compounds can be excreted into the environment as parent com-
pounds by humans via urine and feces (Kümmerer, 2009; Bound
and Voulvoulis, 2004). The pharmaceutically active compounds
in livestock manure, which is used as fertilizer on farmland, may
accumulate in the soil surface or flow into surface water or seep
into groundwater (Carballo et al., 2007). Antibiotics are ubiquitous
and have been detected in the influent and effluent of sewage
treatment plants, surface water and even groundwater (Sacher
et al., 2001; Kolpin et al., 2002; Golet et al., 2001). Induction of
drug-resistant bacteria (Michal and Alvarez, 2004) can affect
growth of plants and microorganisms (Richardson et al., 2005;
Migliore et al., 1996). Moreover, antibiotics in food and drinking
water can pose a threat to human health (Li et al., 2004).

As a highly developed region, the Yangtze Delta has become an
important industrial and economic center in China. It has a popu-
lation of more than 75 million, an area of approximately 99 thou-
sand square kilometers, and makes up 18.7% of the national GDP.
At the same time, high-speed development has placed a heavy
environmental burden on this area. Estuarine areas receive consid-
erable pollutant inputs from land-based sources via river runoff
and sewage outfalls. Recently, the occurrence of hydrophobic
organic compounds (HOCs) including polycyclic aromatic hydro-
carbons (PAHs) (Yang et al., 2008), polychlorinated biphenyls
(PCBs) (Zhang et al., 2011) and dichlorodiphenyltrichloroethanes
(DDTs) (Liu et al., 2006) has been reported in tidal surface sedi-
ments from the Yangtze Estuary. However, to our knowledge, until
now no study has comprehensively dealt with antibiotic residues
in the surface sediments of the Yangtze Estuary and its coastal
zone. The overall objectives of this study are to investigate the con-
centration, the spatial and seasonal distribution, and assess the risk
of 20 antibiotics in the sediments of the Yangtze Estuary and its
coastal area.

Antibiotic standards of chloramphenicols (CPs), including chlor-
amphenicol (CAP), thiamphenicol (TAP), and florfenicol (FF); sul-
fonamides (SAs), including sulfadiazine (SD), sulfapyridine (SP),
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sulfamethoxazole (SMX), sulfathiazole (ST), sulfamerazine (SM),
sulfamethazine (SMT), and sulfaquinoxaline (SQ); fluoroquino-
lones (FQs), including norfloxacin (NFC), ciprofloxacin (CFC), enro-
floxacin (EFC), and ofloxacin (OFC); tetracyclines (TCs), including
tetracycline (TC), oxytetracycline (OTC), doxycyclinehyclate
(DXC), and chlorotetracycline (CTC); and macrolides (MLs), includ-
ing erythromycin (ETM) and roxithromycin (RTM), were purchased
from Dr. Ehrenstorfer (GmbH, Germany). The physicochemical
properties of these 20 compounds are summarized in Table S1,
supplementary material. The compounds chloramphenicol-d5, sul-
famethoxazole-d4, norfloxacin-d5, demeclocycline and roxithro-
mycin-d7 were used as the internal standards for CPs, SAs, FQs,
TCs and MLs, respectively. All solvents used were of HPLC grade.

The Yangtze Estuary (121�500–122�300 E and 31�450–30�500 N)
is situated on the east coast of China and extensive tidal flats
develop along the area with the substantial transportation of sus-
pended sediment by the Yangtze River (Hou et al., 2008). Whilst,
the estuary is divided into the north and south branches by Chong-
ming island. Seven surface sediment samples were collected along
the Yangtze Estuary and its nearby coastal areas (Fig. 1) in July
2011, October 2011, January 2012 and May 2012, respectively.
The sampling sites included Yinyang (YY), Daxingang (DXG), Xupu
(XP), Liuhekou (LHK), Bailonggang (BLG), Wusongkou (WSK) and
Luchao (LC), among which LHK is the junction of the Liu River
and the Yangtze River, WSK is the junction of Huangpu River to
Yangtze River. In addition, at BLG site there is the largest waste
water treatment plant in Asia. To ensure a greater homogeneity,
triplicate sediment samples were combined, rendering the total
sediment wet mass of at least 2 kg for each sample. All sediment
samples were packed in brown glass bottles (pre-heated at
400 �C, 5 h) and immediately stored at �20 �C until further
processing.
Fig. 1. Sampling sites along the Yang
One-gram sediment samples were placed in glass vials (20 mL),
and were spiked with 20 ng of internal standard in triplicate. In
each bottle 1 mL of buffer (dissolving 0.552 g of trisodium phos-
phate dodecahydrate, 0.258 g of sodium citrate, 2 g of EDTA in
20 mL of Milli-Q) and 9 mL acetonitrile were added. Each sample
was mixed at 200 rpm for 20 min using a mechanical shaker before
being sonicated in an Ultra wave sonic bath for 15 min. The sam-
ples were mixed with 3 g anhydrous sodium sulfate (to remove
water) and centrifuged for 5 min at 2500 rpm to separate the solid
and liquid phases. The liquid phase was poured into a test tube,
and the same extraction procedure was repeated twice to obtain
a complete extraction of target compounds, and the third extrac-
tion was analyzed and showed undetectable levels of antibiotics.
The extracts were reduced to 0.5 mL by evaporation under gentle
N2 and filled to the final analysis volume of 1.0 mL with additional
pure water.

The target antibiotics were analyzed using a Waters Acquity™
ultra performance liquid chromatograph-tandem mass spectrome-
try (UPLC-MS/MS) system. After the sample extracts (4 lL) were
injected, the target compounds were separated using a Waters
HSS T3 column (100 mm � 2.1 mm i.d., 1.8 mm). Ultra-pure water
containing 0.1% formic acid (V/V) (eluent A) and acetonitrile con-
taining 0.1% formic acid (V/V) (eluent B) was used as the mobile
phase. The gradient program was as follows: 85% A (0 min), 83%
A (3 min), 70% A (7 min), 35% A (1 min), 100% B (10 min), and
finally 85% A (12 min). The column temperature was set at 40 �C
and the flow rate was 0.4 mL/min. Mass spectrometric analysis
was conducted using a Waters triple quadrupole tandem mass
spectrometer with a Z-spray electrospray interface (Waters Corp.,
Manchester, UK). Both positive (SAs, FQs, TCs, MLs) and negative
ion (CPs) modes were applied in the determination of the antibiot-
ics, with the following parameters: capillary voltage, 3.0 kV; cone
tze Estuary and its coastal area.
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voltage, 6–100 V; source temperature, 150 �C; desolvation gas
temperature, 500 �C; desolvation gas flow, 800 L/h nitrogen; cone
gas flow, 150 L/h nitrogen; argon collision gas flow, 0.17 mL/min
for MS/MS.

Quantitative analysis of the compounds was performed using
UPLC–MS/MS in multiple reaction monitoring (MRM) mode. The
linear calibration curves were performed by analyzing standard
solutions ranging from 0.05 ng/mL to 500 ng/mL followed by calcu-
lating the ratios of the analyte peak area to those of the internal stan-
dards. Table 1 summarizes the information including the limit of
detection (LOD), limit of quantification (LOQ) and recovery of indi-
vidual antibiotic compound. The LOD and LOQ for each antibiotic
were defined as the concentrations corresponding to signal-
to-noise (S/N) values of 3 and 10, respectively. The LOD and LOQ of
antibiotics in sediment were 0.01–1.18 ng/g and 0.03–1.68 ng/g,
respectively. The recoveries of 20 target compounds spiked to the
sediment samples (100 ng/g) (n = 3) were between 64.1% and
126.4%. Analysis of laboratory blanks showed no detectable amount
of contamination.

The total organic carbon (TOC) concentration in sediment sam-
ples was analyzed using the potassium dichromate oxidation
method. Sediment samples were ground to 0.175 mm (80 mesh,
and dried at 80 �C for 3 h. For each sample, 0.40 g was placed in
a glass test tube (50 mL), and a little solid Ag2SO4 and 10.00 mL
K2Cr2O7–H2SO4 standard solution were added. All tubes were
heated at 175 ± 5 �C for 5 min in an oil bath. Two to three drops
of phenanthroline indicator were added to each test tube and
titrated with FeSO4 standard solution from light green to bright
green, and then mutated brick red as the end point.

Twenty antibiotics were investigated in surface sediments of
the Yangtze Estuary and its coastal areas (Table 2). FQs, TCs, MLs,
and CPs were detected at more than half of the sampling sites in
the four seasons. Four TCs (TC, OTC, DXC and CTC), SQ, EFC, and
TAP were the most frequently detected compounds, with a detec-
tion frequency of 100% in all the samples, while SM and ST showed
the lowest detection frequency, and were not detected at all the
sampling sites in three sampling campaigns. In addition, the con-
centrations of all target antibiotics were at the ng/g level. FQs were
the predominant antibiotics, contributing 58.5–85% of the total
amount of antibiotics, while TCs and MLs accounted for 4–25%
and 9.3–13.5%, respectively. SAs only accounted for 1.8–4.5%. All
the concentrations of CPs were below the LOQ.

Compared to other antibiotics, the levels of SAs in the surface
sediments in the study area were in general low, with medium
concentrations lower than 1 ng/L or even less than the LOQ for
most of the samples. Although SQ had a detection frequency of
100%, its maximum concentrations were lower than 1 ng/g at all
the sampling sites. Due to their relatively high water solubility,
SAs showed weak affinity to soils/sediments (Karcı and Balcıoğlu,
2009; Thiele, 2000), while they have frequently been detected as
the dominant antibiotics in surface water in the Yangtze Estuary
(Yan et al., 2013). Among SAs, the highest concentration was found
Table 1
The LOD (ng/g), LOQ (ng/g) and Recovery (%) of individual antibiotic compound.

SD SP SMX ST SM

LOD 0.21 0.05 0.1 0.15 0.1
LOQ 0.41 0.41 0.34 0.42 0.04
Recovery 117.1 106.2 98.8 94.2 104.
RSDa 2.9 5.8 5.8 3.7 5.4

OFC TC OTC DXC CTC
LOD 0.11 0.07 0.05 0.19 0.23
LOQ 0.16 0.87 0.19 1.2 0.29
Recovery 123.8 84.2 81.5 77.5 91.4
RSD 4.7 7.1 9.0 7.7 6.1

a RSD – relative standard deviation (%).
for SP (9.1 ng/g) in May. The concentrations of SAs in this study
were at comparable levels to those in the Yellow River, the Hai
River, and the Liao River (China), but lower than those in the Pearl
River (China) (Table 3).

Four FQs (NFC, CFC, EFC and OFC) were detected at more than
half of the sampling sites in the four seasons. The maximum con-
centrations of FQs ranged from 20.2 ng/g to 69.3 ng/g (NFC), from
12.1 ng/g to 42.9 ng/g (CFC), from <LOQ to 4.8 ng/g (EFC), and from
48.1 ng/g to 458.2 ng/g (OFC). This antibiotic group is frequently
used by humans and animals, and has been detected in vegetables
from Guangzhou (Li et al., 2010). With high sorption affinity to sol-
ids (Picó and Andreu, 2007), FQ were detected with elevated con-
centrations in the sediments revealing that these antibiotics were
applied in a large amount in the study area. The concentration of
FQs in the Yangtze Estuary was lower than those in the Hai River
and the Pearl River (China), but comparable to those in the Yellow
River and the Liao River (China).

In the TC group, TC, OTC, DXC, and CTC had detection frequen-
cies of 100% in the Yangtze Estuary, indicating widespread use of
these antibiotics in this region. The highest concentrations of TCs
were 6.8 ng/g of TC in June, 14 ng/g of OTC in October, 18.6 ng/g
of DXC in May, and 12 ng/g of CTC in May. The TCs concentrations
in this study were comparable to those in the Dagu River (China),
but much lower than those in the Tiaoxi River, the Yellow River,
the Hai River, and the Liao River (China), and the Cache La Poudre
River (USA). Because of their side effects and bacterial resistance,
TCs are rarely used clinically (Zou et al., 2011). Although the use
of TCs as animal growth promoters has been limited in European
Union countries, the Chinese government has so far not prohibited
adding them to animal feed. Consequently, the main source of
these contaminants was veterinary antibiotic applications.

For the two MLs, ETM had detection frequencies of 100% in the
Yangtze Estuary, while RTM was detected at more than half of all
sites in the four seasons. The concentrations were lower than those
reported in the Pearl River (China), and fell within the range of
those in the Yellow River (China) and the Cache La Poudre River
(USA). MLs are large complex molecules with a number of stereo-
centers (Stepanić et al., 2012), and are widely used in humans
(Murata et al., 2011).

Three CPs (CAP, TAP, and FF) were widely identified, but at low
concentrations. There have been few studies reporting CP concen-
trations, especially in sediment. As these chloramphenicol antibi-
otics can cause aplastic anemia, hemolytic anemia, and other side
effects (Turton et al., 2000), the European Union and the United
States have prohibited the use of these drugs in animal husbandry
and aquaculture. However, the application of CAP and TAP in live-
stock and aquaculture is still practiced in China, due to their low
price and steady antibiosis effectiveness (Chen et al., 2009), and
they have been detected in agricultural products (Feng et al., 2013).

Fig. 2 shows the seasonal distribution of four groups of antibiot-
ics at different sampling sites of the Yangtze Estuary. As the dom-
inant antibiotics, the highest value of FQs was in January. The
SMT SQ NFC CFC EFC

0.07 0.01 0.17 0.30 1.18
0.45 0.03 0.46 0.41 1.68

8 103.4 64.1 116.4 122.0 126.4
3.0 4.4 6.9 5.3 7.7

ETM RTM CAP TAP FF
0.08 0.01 0.29 0.61 0.02
0.03 0.17 0.76 1.28 0.25
101.5 122.2 103.0 69.1 96.4
9.6 6.1 1.0 2.6 1.7



Table 2
Summary of antibiotic concentrations (ng/g) and detection frequencies (%) in Yangtze Estuary from July 2011 to May 2012.

Group SAs (n = 7) FQs (n = 7) TCs (n = 7) MLs (n = 7) CPs (n = 7)

Compounds SD SP SMX ST SM SMT SQ NFC CFC EFC OFC TC OTC DXC CTC RTM ETM CPA TAP FF

2011–07 Freq. 28.6 57.1 14.3 0 0 28.6 100 100 100 100 100 100 100 100 100 100 100 100 100 100
Max. 0.20 3.71 0.515 n.d n.d 1.54 0.469 20.2 13.1 2.34 61 <LOQ 2.68 3.53 4.3 1.59 5.84 <LOQ <LOQ <LOQ
Med. 0.12 1.36 0.515 n.d n.d 0.768 0.269 2.44 2.61 1.17 2.78 <LOQ 0.99 <LOQ 0.628 0.65 3.27 <LOQ <LOQ <LOQ
Min. 0.045 0.32 0.515 n.d n.d <LOQ 0.202 0.771 <LOQ <LOQ 0.63 <LOQ 0.520 <LOQ <LOQ 0.176 1.06 <LOQ <LOQ <LOQ

2011–10 Freq. 0 42.9 0 0 0 14.3 100 71.4 57.1 100 100 100 100 100 100 71.4 100 100 100 100
Max. n.d 4.38 n.d n.d n.d 0.559 0.608 25.6 12.1 <LOQ 48.1 6.15 14 14.6 11 0.966 17.5 <LOQ <LOQ <LOQ
Med. n.d 0.602 n.d n.d n.d 0.559 0.373 8.30 3.93 <LOQ 11.2 <LOQ 0.951 <LOQ 0.623 0.522 2.26 <LOQ <LOQ <LOQ
Min. n.d <LOQ n.d n.d n.d 0.559 0.082 0.87 1.32 <LOQ 1.22 <LOQ 0.525 <LOQ <LOQ 0.205 0.653 <LOQ <LOQ <LOQ

2012–01 Freq. 0 71.4 28.6 0 0 42.9 100 100 100 100 85.7 100 100 100 100 57.1 85.7 100 100 71.4
Max. n.d 3.28 1.13 n.d n.d 4.84 0.959 69.3 42.9 2.26 458.2 6.84 8.13 2.37 5.37 3.61 51.5 <LOQ <LOQ <LOQ
Med. n.d 0.759 0.515 n.d n.d 2.42 0.427 3.53 2.14 <LOQ 12 <LOQ 0.765 <LOQ 0.76 0.859 6.05 <LOQ <LOQ <LOQ
Min. n.d <LOQ <LOQ n.d n.d <LOQ 0.042 <LOQ <LOQ <LOQ <LOQ <LOQ 0.305 <LOQ <LOQ 0.305 <LOQ <LOQ <LOQ <LOQ

2012–05 Freq. 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 85.7 100 100
Max. 0.469 9.12 0.516 <LOQ 0.408 1.3 0.117 39.6 20.1 4.84 206.3 2.16 13.9 18.6 12 3.22 28.5 <LOQ <LOQ <LOQ
Med. 0.452 <LOQ <LOQ <LOQ <LOQ <LOQ 0.04 2.64 4.75 <LOQ 3.22 0.914 4.02 <LOQ 1.3 0.694 4.64 <LOQ <LOQ <LOQ
Min. <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 0.552 <LOQ 0.118 <LOQ 0.483 <LOQ <LOQ <LOQ
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concentrations of SAs and MLs were higher in January and May
than in July and October. TCs were rarely detected in July.

The concentration of the individual antibiotic varied greatly at
different seasons, except for BLG. Antibiotic enrichment in the sed-
iment was greatly influenced by hydrodynamic and temperature
changes (Luo et al., 2011). The lower detected antibiotic concentra-
tions in the summer can be attributed to higher runoff (increased
flow rate), faster photolysis (Thiele-Bruhn, 2003), thermal degrada-
tion (the summer water temperature was approximately 28 �C,
versus 8 �C in winter), and biodegradation associated with higher
microbial activity during the summer season (Radka et al., 2004;
Jerold and Roger, 2003; Ingerslev and Halling-Sørensen, 2000).
The other reason for the temporal variation in antibiotic concentra-
tions might be differences in the amounts and types of antibiotics
used for livestock at different times, such as different growth
stages (Hamscher et al., 2000; Hu et al., 2010). However, at the
BLG site, which is located near the BLG WWTP, the antibiotic con-
centrations were relatively high and did not show significant sea-
sonal change, which indicated the continuous influence by the
WWTP effluent.

Compared to antibiotics detected in water in the Yangtze Estu-
ary (Yan et al., 2013), the contributions of FQs and TCs to the total
antibiotics were markedly greater, while there was a significant
reduction in SAs and CPs. It has been reported that TCs show high
sorption affinity to sediments, followed by FQs and MLs. SQs exhi-
bit weak to moderate adsorption to soils (Li et al., 2012).

The TOC concentration showed seasonal variation, with high
levels in January and May, followed by July and October. The
temperature and hydrodynamic condition could affect the TOC
contents spatially and temporally. In January due to low tempera-
tures, a relatively weakened biodegradation could result in a rela-
tively high TOC content (Wang and Xian, 2011). A positive
correlation was observed between TOC and the FQs concentrations
of the Yangtze Estuary (WSK, a R2 value of 0.831, P < 0.05; LHK, a R2

value of 0.999, P < 0.01; BLG, a R2 value of 0.918, P < 0.05), but no
correlation was found between TOC concentrations and the con-
centrations of other types of antibiotics. This suggests that differ-
ent types of antibiotics in sediments have very different
adsorption mechanisms. TOC could be an important factor control-
ling the level and distribution of FQs in the sediments.

Generally, the antibiotic concentrations at WSK were the high-
est among all the sites in the four seasons. The remaining sites
were in the following order: LHK > BLG > LC > DXG > XP > YY. Anti-
biotics showed a general trend of higher concentrations at the
junctions of rivers (WSK and LHK) and WWTP effluent (BLG) than
those in other coastal sites. This indicates that rivers and WWTP
effluents were important sources of antibiotics. For example, as
the dominant antibiotics, FQs, which is often used to treat diseases
by both human and livestock in China, were detected in high levels
at WSK, LHK and BLG sites. The upstream Huangpu River runs
through the countryside areas of Shanghai with a large population
and highly developed industry and agriculture, and the down-
stream river runs through the urban area. While the Liu River
mainly runs through agricultural areas, where many animal feed-
ing and fish farming operations are located. The total TCs concen-
trations at LHK were higher than WSK, especially in May and
October. TCs are widely used in the treatment of livestock and
weight gain which could be used in larger amounts in May and
October compared to January and July in the Liu River basin.

At present, ecological risk assessments of antibiotics are mainly
focused on water bodies, but seldom on sediments/soils. Soil/sed-
iments are considered as a potential sink or source of contami-
nants. Whether from water desorption, thereby threatening
aquatic organisms (Lützhøft et al., 1999; Xue et al., 2013), or
through the food chain (Du and Liu, 2012), antibiotics in sediments
pose a great potential danger. Antibiotics in soil can easily become
concentrated in plants, with an enrichment rate as much as more
than 10,000 times (Sarmah et al., 2006). The antibiotic concentra-
tions measured in this study were evaluated with respect to the
trigger value of 0.10 mg kg�1 in soil set by the Steering Committee
of the Veterinary International Committee on Harmonization
(VICH), on the ecotoxic effects of antibiotic compounds on a range
of organisms (Karcı and Balcıoğlu, 2009). The concentration of
quinolones in WSK exceeded the trigger value (0.10 mg kg�1), indi-
cating that there was a potential risk from such contaminants.

The concentrations and distributions of 20 different antibiotics
from seven sites in the Yangtze Estuary and nearby coastal areas
were determined. Four TCs, SQ, EFC and TAP were detected in all
the samples, indicating that these antibiotics are widespread in
the sediments of Yangtze Estuary area; while SM and ST showed
the lowest detection frequency. The contributions of FQs to total
antibiotic burden were relatively high compared to the other
groups of antibiotics. At the WSK and LHK sites, significant sea-
sonal variations were investigated. The concentration of the same
antibiotic varied greatly in different seasons, probably as a result
of a combination of factors such as high consumption, low dilution
due to low river flow, and slow degradation due to low tempera-
ture. The levels of antibiotics at different sites were generally, in



Table 3
Comparison of antibiotic concentrations in surface sediments with other studies (ng/g).

Yangtze Estuary, Baiyangdian Lake, Tiaoxi River, Dagu River, Yellow River, Hai River, Liao River, Pearl River, Cache La Poudre River
China (n = 7) China (n = 45) China (n = 7) China (n = 8) China (n = 15) China (n = 11) China (n = 21) China (n = 14) USA (n = 5)

SD n.d.a-0.5 n.d.-2.07 n.d.-1.1 n.d. (22.0)b n.d. (1.18)b n.d. (11)b 3.16 (83.9)b

SP n.d.-9.1 n.d.-1.40 1.6–8.1 n.d. n.d. n.d. n.d. (<LOQ)
SMX n.d.-1.1 n.d.-7.86 n.d.-0.3 9.7–14.7 n.d. n.d. n.d. (<LOQ) n.d. (<LOQ) 1.6 (1.9)c

ST n.d.-<LOQ n.d.-5.94 n.d.-13.4
SM n.d.-0.4 n.d.-2.47 n.d.-1.4
SMT <LOQ-4.8 n.d.-6.92 n.d.-2.6 n.d.-1.8 n.d. n.d. (5.67) n.d. 19.7 (248) 5.2 (13.7)
SQ n.d.-1.0
NFC <LOQ-69.3 49.4–1140 n.d.-2.8 n.d. 8.34 (141) 32.0 (5770) 3.32 (176) 88.0 (1120)
CFC <LOQ-42.9 n.d.-46.0 n.d. n.d. (32.8) 16.0 (1290) n.d. (28.7) 21.8 (197)
EFC <LOQ-4.8 n.d.-13.0 n.d.-114.8 n.d. n.d. (2.34) n.d.
OFC <LOQ-458.2 n.d.-362 0.1–1.2 n.d.-14.2 3.07 (123) 10.3 (653) 3.56 (50.5) 156 (1560)
TC <LOQ-6.8 0.1–55.7 n.d.-16.3 n.d. (18.0) 2.0 (135) n.d. (4.82) 4.05 (72.6) 17.9 (102.7)
OTC 0.3–14.0 0.7–276.6 n.d.-7.9 n.d. (184) 2.52 (422) 2.34 (652) 7.15 (196) 14.8 (56.1)
DXC <LOQ-18.6 6.0–15.6
CTC <LOQ-12.0 6.5–131.6 n.d.-27 n.d. n.d. (10.9) n.d. (32.5) 10.8 (30.8)
RTM <LOQ-3.6 n.d.-302 0.1–1.2 n.d. (6.8) 2.29 (11.7) 5.51 (29.6) 24.7 (133) 1.9 (5.9)
ETM <LOQ-51.5 n.d.-3.04 n.d.-0.1 1.28 (49.8) <LOQ (67.7) 3.61 (40.3) 24.4 (385) 7.6 (25.6)
CPA <LOQ n.d.-0.2
TAP <LOQ n.d.-0.2
FF <LOQ
Ref. This study Li et al. (2012) Chen et al. (2011) Hu (2011) Zhou et al. (2011) Zhou et al. (2011) Zhou et al. (2011) Yang et al. (2010) Kim and Carlson (2007)

a n.d.: not detected.
b Median concentration (maximum concentration), ng/g.
c Mean concentration (maximum concentration), ng/g.
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Fig. 2. Total concentrations of five classes of antibiotics in the Yangtze Estuary over four seasons.
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descending order, as follows: WSK > LHK > BLG > LC > DXG >
XP > YY. The input of contamination from the upstream rivers or
WWTPs might be responsible for the higher levels of antibiotics
at WSK, LHK and BLG. In addition, a positive correlation was
observed between the TOC concentration and the FQ concentration
of the rivers and WWTP effluent. The concentration of quinolones
in WSK exceeded the VICH trigger value (0.10 mg kg�1), and fur-
ther monitoring and detailed investigations on the ecological risks
of these antibiotics are urgently needed.
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