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Abstract The seasonal and spatial variations of 12 selec-

ted antibiotics belonging to four groups, including sulfon-

amides, quinolones, tetracyclines, and macrolides, were

investigated in three main tributaries of Liao River in Jilin

Province, northeast China. The concentrations of the

antibiotics in the surface water and surface sediments were

determined by HPLC–MS/MS. The results indicated that

oxytetracycline (OTC), erythromycin (ETM), and oflox-

acin (OFL) were dominant antibiotics in the water, with

mean concentration of 174.9 ± 266.9, 103.2 ± 95.5, and

67.1 ± 77.3 ng/L, respectively, while OFL, OTC, and

norfloxacin were prominent antibiotics in sediments, with

mean concentration of 152.2 ± 108.3, 149.5 ± 147.6, and

62.8 ± 83.3 ng/g, respectively. The total antibiotic con-

centrations in water at each sampling site were 1.2–3 times

higher in autumn (November 2015) than those in summer

(July 2015), whereas antibiotic concentrations in sediments

showed no significant seasonal variation. The highest total

antibiotic concentrations in water and sediments were

observed around cities with large populations of humans

and livestock. Risk assessment based on single antibiotic

exposure revealed that OFL, ETM, and OTC were main

antibiotics with potential adverse ecological consequences

for aquatic organisms. In addition, the mixtures of selected

antibiotics posed medium to high risk for aquatic organ-

isms in the Liao River in Jilin Province.

Keywords Antibiotic � Oxytetracycline � Ofloxacin � Liao

River � Seasonal and spatial distribution � Risk assessment

Introduction

Antibiotics have been widely applied as humans and vet-

erinary medicines to treat infectious diseases and to pro-

mote growth in livestock, agriculture, and aquaculture

(Liang et al. 2013). The annual production of antibiotics

has been estimated to be 210,000 tons in China. Forty-eight

and forty-two percentages of them were applied in agri-

culture and medicine, respectively, and the remaining 10 %

were exported (Luo et al. 2010). Following application to

the target organisms, a large fraction (30–90 %) of

antibiotics may be released into the environment due to

incomplete absorption or metabolism (Sarmah et al. 2006).

Antibiotics in aquatic environments generally originate

from municipal wastewater effluents (Miao et al. 2004),

agricultural activities, animal waste discharge (Davis et al.

2006), and medical waste (Kümmerer 2009). While some

antibiotics may degrade quickly, most are replaced by

continual inputs from a variety of pollution sources

(Richardson et al. 2005). The ongoing wide use of antibi-

otics elevates the concentration, so they are pseudopersistent

in aquatic environments (Khetan and Collins 2007). Sul-

fonamides (SAs), quinolones (QNs), tetracyclines (TCs),

and macrolides (MLs) are typical antibiotics found in

aquatic environments. Once these antibiotics are introduced

into an aqueous environment, they may pose a potential risk

to the aquatic organisms, increase the spread of antibiotic

resistance genes, and eventually pose risks to human health

(Gao et al. 2012; Hoa et al. 2011; Kümmerer 2009). In recent

years, these antibiotics were frequently detected out in rivers

and lakes in China. The concentrations of SAs in water are
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found even up to mg/L (Li et al. 2012). But most of the

measured QNs, TCs, and MLs in water are found at much

lower concentration levels (mostly ng/L) (Chen and Zhou

2014; Luo et al. 2011). These antibiotics in sediments are at

the concentration levels of ng/g (Chen and Zhou 2014; Li

et al. 2012). Moreover, the prominent antibiotics in different

rivers vary a lot. For example, MLs are the dominant

antibiotics in the surface water from the section of the Liao

River in Liaoning Province (Bai et al. 2014), while SAs are

prominent in the Huangpu River (Chen and Zhou 2014); TCs

and MLs make up the majority of antibiotics in the sediment

from the Huangpu River, while QNs have much higher

concentrations in Baiyangdian Lake (Li et al. 2012). Thus,

complementary regional studies are necessary. In addition,

SAs, QNs, TCs, and MLs have different transport and

transformation processes in aquatic environments due to the

differences in their physicochemical properties. SAs exhibit

high solubility and chemical stability in water, whereas MLs

tend to be hydrolyzed or sorbed onto sediments (Huang et al.

2011). QNs are susceptible to photodegradation (Jiao et al.

2008) and are also sorbed to sediments (Zhang and Dong

2008), while TCs have a high affinity for sediment organic

matter through cation bridging and cation exchange (Fig-

ueroa et al. 2004; Rabølle and Spliid 2000; Tolls 2001).

Therefore, it is necessary to investigate the concentrations of

these antibiotics both in water and in sediment and to esti-

mate the potential risk of these antibiotics to aquatic

ecosystems (Chen and Zhou 2014).

Liao River is one of the seven major rivers in China. The

river basin is one of the most important heavy industry

bases in China. Due to the discharge of wastewater from

these industrial sectors, Liao River has become one of the

most heavily polluted rivers in China (Dong et al. 2015).

Since 2008, some efforts, such as the development of

pollution source control technology, have been made for

decreasing pollution in the Liao River Basin. The moni-

toring results for water bodies indicated that the water

quality, in terms of indexes COD, BOD, and NH3–N, has

been improved year by year. However, there have been

concerns regarding the level and ecological risk of

emerging contaminants, such as antibiotics, in the river

(Hernando et al. 2006; Zhao et al. 2010).

The section of the Liao River in Jilin Province is located

in the southwest of Jilin Province, which is the upper river

of the Liao system, with a basin area of 11,283 km2 and a

population density of 242 per square kilometer. The per

capita share of water of this area is 5 times lower than that

of China. The main tributaries of Liao River in Jilin Pro-

vince are Dongliao River, Tiaozi River, and Zhaosutai

River, which flow through Siping City and Liaoyuan City

and are transboundary rivers of Jilin and Liaoning Pro-

vince. The area covers a series of traditional industries,

including grain processing, pharmacy, paper-making, and

chemical industries. The region’s main commodity is

grain-based agriculture and livestock farming. The unique

geographical location, large population, outdated produce

procedures, and increasing livestock numbers in this basin

lead to serious water shortages and high pollution levels in

the section of the Liao River in Jilin Province. The pollu-

tion in this area should be investigated more fully to

understand the occurrence, distribution, and risk for aquatic

organisms. However, until now, the pollution from

emerging contaminants such as antibiotics in this river

remains unknown.

The aims of this study were (1) to investigate the

occurrence of four classic antibiotics, including SAs, QNs,

TCs, and MLs, in both surface water and surface sediments

of the Liao River in Jilin Province; (2) to understand the

seasonal and spatial distribution of these antibiotics in

water and sediments; and (3) to assess the potential hazards

of these antibiotics on aquatic organisms.

Materials and methods

Chemicals and reagents

Twelve target antibiotic standards of SAs including sul-

famethoxazole (SMX), sulfamerazine (SMR), sulfamethi-

zole (STL), and sulfadiazine (SDZ), QNs including

ofloxacin (OFL), enrofloxacin (ENR), ciprofloxacin (CIP),

and norfloxacin (NOR), TCs including oxytetracycline

(OTC) and tetracycline (TC), and MLs including ery-

thromycin (ETM) and roxithromycin (RTM) were pur-

chased from Dr. Ehrenstorfer (GmbH, Germany). 13C3-

caffeine, used as the surrogate standard, was purchased

from Cambridge Isotope Labs (1 mg/mL in methanol,

USA). Methanol, acetonitrile, and formic acid of HPLC

grade were obtained from Merck (Darmstadt, Germany).

Milli-Q water was prepared with a Milli-Q water purifi-

cation system (Millipore, USA).

The stock solutions (100 mg/L) of individual antibiotics

and surrogate standard were prepared in methanol. From

these 12 individual standards, a 10 mg/L mixture of

working standards containing all selected antibiotics was

prepared by diluting the stock solution with methanol. All

stock solutions were stored in dark at -20 �C prior to use.

Working solutions were freshly prepared daily from the

stock solutions by serial dilution to eliminate the effect of

their instability.

Sampling sites and sample collection

The water and sediments samples were collected from

seven sampling sites along the main tributaries of Liao

River in Jilin Province, including Dongliao River, Tiaozi
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River, and Zhaosutai River (Fig. 1). The sampling sites

were mainly near the cities or located in the boundary of

Jilin Province and Liaoning Province. Four sites are located

at the Dongliao River: Lanhezha (S1), Qixiangzhan (S2),

Heqing (S3), and Sishaungdaqiao (S4, the boundary section

of Dongliao River in Jilin Province). Two sites are located

at the Tiaozi River: Huihekou (S5) and Linjia (S6, the

boundary section of Tiaozi River in Jilin Province. One site

(Lujiazui, S7, the boundary section of Zhaosutai River in

Jilin Province) is located in the Zhaosutai River.

Surface water and surface sediment samples were col-

lected in summer (July 2015) and autumn (November

2015). Water samples (2 9 5 L) were collected at each site

with a stainless steel bucket which had been pre-cleaned

with methanol, Milli-Q water and rinsed by the sample

sequentially prior to collection. Sediment samples (about

500 g) were collected from the top 10-cm layer using a

grab sampler. Water and sediment samples were stored in

5- and 1-L pre-cleaned amber glass bottles, respectively.

The collected samples were immediately placed in a cooler

and transported to the laboratory. Once back to the labo-

ratory, the water samples were kept at 4 �C in the dark and

target antibiotics were extracted from water samples within

24 h of sample collection. The sediment samples were

freeze-dried and passed through a 60-mesh sieve and kept

at -20 �C until the analysis. The sediment samples at site 1

in summer and autumn and site 3 in summer were not

obtained due to municipal construction and the growth of

aquatic plants, respectively.

Sample extraction and HPLC–MS/MS analysis

Target antibiotics were extracted from the water and

sediment samples according to the method reported in the

literature (Cheng et al. 2014; Xu et al. 2007a, 2007b).

Water samples were filtered through glass fiber film with

a pore opening of 0.45 lm. Before extraction with solid-

phase extraction (SPE) using Oasis HLB cartridges

(6 mL, 200 mg, Waters), water samples were acidified to

pH 3.0 with 0.1 mol/L HCl, followed by the addition of

0.2 g Na2EDTA as the chelating agent and 100 ng 13C3-

caffeine as the surrogate standard to 500 mL water

samples. The Oasis HLB cartridges were pre-conditioned

with 6 mL methanol and 6 mL ultrapure water at a flow

rate of 1 mL/min. Then, the water samples were extrac-

ted by SPE at a flow rate of 10 mL/min. After loading of

samples, cartridges were washed with 10 mL ultrapure

water and vacuum-dried for 10 min. Finally, the car-

tridges were eluted with 6 mL methanol. Two grams of

each sediment sample was weighted into a 50-mL glass

tube, followed by addition of 0.4 g Na2EDTA and

100 lL 13C3-caffeine solution (1 mg/L) as the surrogate

standard. Fifteen milliliters acetonitrile and 15 mL

sodium citrate buffer (pH 3) were added into each glass

tube followed by mixing on a vortex mixer for 2 min.

All the mixed samples were then ultrasonicated for

20 min and centrifuged at 10000r/min for 2 min. The

supernatant was removed to a clean tube, and the sedi-

ments were extracted for a second time. The supernatants

Fig. 1 Map of sampling

locations in the Jilin Section of

the Liao River. S1–S4 are

located on the Dongliao River.

S5 and S6 are located on the

Tiaozi River. S7 is located on

the Zhaosutai River
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were combined and evaporated at 55 �C to remove the

organic solvent and diluted to 200 mL with ultrapure

water. Then, the diluted solutions were filtered through

0.45-lm glass fiber filter. The target antibiotics in diluted

solutions were extracted with the tandem cartridge (SAX-

HLB, SAX (6 mL, 200 mg, CNW) and HLB (6 mL,

200 mg, Waters)). After loading of all the diluted solu-

tions, SAX cartridges were removed. The rest of the SPE

procedure was the same as that used for treating water

samples. All the eluates were dried with a stream of

nitrogen at 45 �C and then re-dissolved with 1 mL

methanol. Prior to analysis with high-performance liquid

chromatography–electrospray ionization tandem mass

spectrometry (HPLC–MS/MS) system, the methanol

solutions were filtered through a 0.22-lm nylon filter.

The 12 target antibiotic compounds in the water and

sediments were analyzed by HPLC–MS/MS in duplicate.

The separation of the target compounds was performed

with Agilent 1200 series (Agilent, USA) on a Waters

Xbridge C18 column (150 mm 9 2.1 mm, 3.5 lm) after

10 lL of sample extract was injected. The mobile phase

contained acetonitrile (A) and 0.1 % formic acid (B). The

gradient elution program was as follows: 15 % A

(4 min), 50 % A (10 min), 60 % A (20 min), 15 % A

(25 min), and finally 15 % A (28 min). The column

temperature was set at 30 �C and the flow rate was

0.3 mL/min. Mass spectrometric analysis was conducted

on an Applied Biosystems API 4000 tandem mass

spectrometer (Applied Biosystems/MDS SCIEX, USA)

equipped with an electrospray ionization source operated

in the positive mode. Quantification of each target

antibiotic in the samples was performed in the multiple

reactions monitoring mode.

Quality control

Analyses of antibiotics in water and sediment samples were

subject to strict quality control procedures. System per-

formance and potential contamination were monitored by

running a solvent blank, procedural blank, and the mixed

standard solutions at regular intervals. In order to deter-

mine the potential losses during the analytical procedure,
13C3-caffeine was used as the surrogate standard. The

concentrations of target antibiotics were determined using

an external standard method (Grujić et al. 2009; Li et al.

2009; Zhang et al. 2011). When detection is performed

with electrospray ionization mass spectrometer, the internal

standard method may be more accurate. However, when

analyzing mixture of very different analytes, it is difficult

to find appropriate internal standard to fit the majority of

analytes. It commonly needs multi-internal standards. In

this study, the standard curve with seven concentrations of

antibiotics (0.5, 1, 10, 20, 50, 100, and 200 ng/L) was

established to quantify the antibiotic concentrations. The

linearity of calibration curves was confirmed (r2[ 0.99) in

the tested concentration ranges. The limits of quantification

(LOQ) for water and sediment were 0.1–0.5 and

0.2–1.3 ng/L, respectively.

Six spiked concentrations (for water samples, 20, 50,

and 100 ng/L; for sediment samples, 20, 50, and 100 ng/g)

of the target antibiotics were used to determine the relative

recoveries in three replicates. The relative recoveries of

SAs, QNs, TCs, and MLs concentrations in water

were 80.2–93.6 %, 69.3–82.9 %, 78.8–96.7 %, and

75.8–97.9 %, respectively, and those in sediments were

87.8–99.6 %, 60.4–70.8 %, 72.3–81.9 %, and 71.9–89.1 %,

respectively. The recoveries of 13C3-caffeine from both

water and sediments ranged from 78.5 to 98.7 %. The rel-

ative standard deviations (RSDs) for all analytes ranged

from 0.1 to 21.7 %.

Statistical analysis and environmental risk

assessment

The significance of differences between the antibiotic

concentrations detected in two seasons and seven sampling

locations was determined using paired t test. A level of

p\ 0.05 was considered statistically significant differ-

ences for pair comparisons. Statistical analysis was pro-

cessed with the Origin software (Version 8.0, Origin Lab,

USA).

The risk quotient (RQ) approach is recommended to

assess the environmental risk of pharmaceuticals, and the

potential of such compounds to cause undesired environ-

mental effects has been predicted by utilizing this method

(Carlsson et al. 2006). RQ for the aquatic environment is

calculated as:

RQ = MEC/PNEC ð1Þ

where MEC is the measured environmental concentration,

and PNEC is the predicted no-effect concentration in water.

The PNEC can be calculated as:

PNEC = NOEC/AF ð2Þ

where NOEC is the no observed effect concentration for

the most sensitive species which can be estimated from the

LC50 (median lethal concentration) or EC50 (half maximal

effective concentration) value obtained in the literature and

AF is the assessment factor that shows whether the toxicity

is acute (1000) or chronic (100) (Leung et al. 2012). In this

study, the value of AF was chosen to be 1000. Combined

risks of antibiotic mixtures were assessed based on the

concentration addition model, which is the sum of all

individual antibiotic RQs (Zhao et al. 2010). The aquatic

organisms, including algae, plant, and invertebrate, were

chosen to assess the environmental risk.

1202 Page 4 of 10 Environ Earth Sci (2016) 75:1202

123



Results and discussion

Occurrence of antibiotics in water and sediments

A summary of target antibiotics in the water and sediments

from Liao River in Jilin Province is presented in Table 1. Of

the 12 antibiotic compounds, only STL was not detected in

any water and sediment samples. Eleven of the 12 target

antibiotics were detected in the water. The total concen-

tration of all target antibiotics in each sampling sites ranged

from 105.9 ng/L at site 1 in autumn to 1345.6 ng/L at site 5

in autumn. The detection frequencies of OFL, ETM, and

RTM in the water were 100 %, followed by OTC (85.7 %).

OTC was the most abundant with the highest mean con-

centration of 174.9 ± 266.9 ng/L, followed by ETM

(103.2 ± 95.5 ng/L) and OFL (67.1 ± 77.3 ng/L). The

detection frequencies and concentrations of target antibi-

otics indicated that OTC, ETM, and OFL were the dominant

antibiotics in the water. For sediments, 9 of the 12 target

antibiotics were detected with range of total concentration

from 1.8 ng/g at site 4 in summer to 1190.4 ng/g at site 5 in

autumn. Among the detected antibiotics in sediments, OFL,

OTC, and ETM showed the highest detection frequency

(90.9 %), followed by NOR and TC (both 81.8 %). The

highest mean concentration of these detected antibiotics

was 152.2 ± 108.3 ng/g for OFL, followed by

149.5 ± 147.6 ng/g for OTC and 62.8 ± 83.3 ng/g for

NOR. Although TC and ETM are frequently detected in

sediments, their concentrations were lower than that of

NOR. These results implied that OFL, OTC, and NOR were

dominant antibiotics in the sediments.

In the present study, 12 investigated antibiotics can be

categorized into four groups. Their mean concentrations in

water and sediments decreased in the following orders:

TCs (100.9 ± 215.4 ng/L)[MLs (75.7 ± 80.6 ng/L)[
QNs (40.4 ± 52.0 ng/L)[ SAs (10.7 ± 12.8 ng/L) and

TCs (96.4 ± 122.0 ng/g)[QNs (78.9 ± 99.2 ng/g)[
MLs (14.0 ± 18.8 ng/g)[ SAs (2.4 ± 1.4 ng/g), respec-

tively. The mean concentrations and standard deviations

were calculated with the concentrations of antibiotics in the

whole investigation area (seven sites) and different seasons

(summer and winter) as shown in Table 1. Because of the

great variation range of antibiotic concentrations in dif-

ferent sampling sites and different seasons, the standard

deviations were very high, even more than the mean value

of concentrations. The different sequence of antibiotics in

water and sediments may be due to their different usages

and environmental behaviors. In the region of Liao River in

Jilin Province, the main commodity is grain-based agri-

culture and livestock farming. Moreover, the population

density (242 per square kilometer) is higher than the

average population density of Jilin Province (146 per

square kilometer). Thus, antibiotics in aquatic environ-

ments may originate primarily from agricultural activities,

animal waste discharge, and human activities. The con-

centration of TCs in water is relatively high, reflecting the

high quantity of antibiotic usage and waste discharge into

the river. For the concentrations of target antibiotics in

sediments, high concentrations of TCs, QNs, and MLs may

result from their strong binding capacity to sediments in

rivers (Figueroa and MacKay 2005; Huang et al. 2011;

MacKay and Canterbury 2005; Robinson et al. 2005; Thuy

et al. 2011). Compared with most MLs, QNs are strongly

adsorbed onto sediments without biodegradation (Moreno-

Bondi et al. 2009), enhancing their concentration in

sediments.

Table 1 Summary of target

antibiotics in the water and

sediments from Liao River in

Jilin Province

Compounds Water (ng/L) (n = 14) Sediment (ng/g) (n = 11)

Freqa Rang Mean Freq Rang Mean

Sulfamethoxazole (SMX) 64.3 n.d.b–44.1 20.1 ± 12.3 18.2 n.d.–1.7 1.4 ± 0.2

Sulfamerazine (SMR) 28.6 n.d.–10.8 4.4 ± 3.3 0 n.d. n.d.

Sulfamethizole (STL) 0 n.d. n.d. 0 n.d. n.d.

Sulfadiazine (SDZ) 42.8 n.d.–1.5 0.9 ± 0.4 9.1 n.d.–4.4 4.4 ± 0.0

Ofloxacin (OFL) 100 10.20–284.9 67.1 ± 77.3 90.9 n.d.–362.1 152.2 ± 108.3

Enrofloxacin (ENR) 71.4 n.d.–49.3 23.7 ± 9.5 0 n.d. n.d.

Ciprofloxacin (CIP) 42.9 n.d.–23.7 11.2 ± 5.3 72.7 n.d.–37.5 15.3 ± 11.2

Norfloxacin (NOR) 71.4 n.d.–83.8 35.8 ± 18.6 81.8 n.d.–240.4 62.8 ± 83.3

Oxytetracycline (OTC) 85.7 n.d.–835.1 174.9 ± 266.9 90.9 n.d.–425.4 149.5 ± 147.6

Tetracycline (TC) 71.4 n.d.–14.6 12.2 ± 2.8 81.8 n.d.–86.6 37.3 ± 23.9

Erythromycin (ETM) 100 12.0–366.1 103.2 ± 95.5 90.9 n.d.–67.5 23.4 ± 21.7

Roxithromycin (RTM) 100 5.4–130.4 48.2 ± 41.3 72.7 n.d.–11.3 3.6 ± 3.8

a Frequency (%) of detection of each antibiotic in all samples
b Not detected
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In comparison with the antibiotic concentrations in

water of Liao River in Liaoning Province (Bai et al. 2014),

TCs were dominant in water with a mean concentration of

100.9 ± 215.4 ng/L, which was higher than that in

Liaoning Section of the Liao River (mean 24.4 ng/L). As

for MLs, QNs and SAs, their mean concentrations

(75.7 ± 80.6, 40.4 ± 52.0, and 10.7 ± 12.8 ng/L, respec-

tively) were lower than those in Liaoning Section (mean

201.9, 124.3, and 113.9 ng/L, respectively). For the

antibiotic concentrations in sediments, TCs (mean

96.4 ± 122.0 ng/g), QNs (mean 78.9 ± 99.2 ng/g), and

SAs (mean 2.4 ± 1.4 ng/g) showed a higher level of con-

tamination in the Jilin Section of the Liao River than in

Liaoning Section with the mean concentrations of 32.1,

20.9, and 0.4 ng/g, respectively. In contrast, the mean

concentration of MLs (14.0 ± 18.8 ng/g) was lower than

that in Liaoning Section of the Liao River (mean 32.8 ng/

g). The results suggest a large use of TCs in the region of

Liao River in Jilin Province.

Seasonal and spatial variations of antibiotics in Jilin

Section of the Liao River

The concentrations of antibiotics in water and sediments at

different sampling sites over two seasons are shown in

Fig. 2. The total antibiotic concentrations in water at each

site were significantly higher (p\ 0.05) in autumn than

that in summer (about 1.2–3 times higher), with the

exception of site 1. In addition, the number of detected

antibiotics was higher in autumn than those in summer.

Eleven of 12 target antibiotics were detected in autumn,

while only 9 of 12 in summer. It was worth noting that the

dominating antibiotic group was different between the

summer and autumn. Based on the average contribution

across different sites, the contributions from different

antibiotics in summer and autumn tended to follow the

descending order: MLs (47.2 %)[QNs (36.6 %)[TCs

(11.0 %)[ SAs (5.2 %) and TCs (39.4 %)[MLs

(29.1 %)[QNs (28.0 %)[SAs (3.5 %), respectively.

Fig. 2 Seasonal and spatial variations of detected antibiotics in the water and sediments from Jilin Section of the Liao River
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The results suggested that MLs and QNs were the domi-

nant antibiotic groups in summer, whereas TCs and MLs

were the main antibiotic groups in autumn. The antibiotic

concentrations in sediments at each sampling site showed

no significant seasonal variations (p[ 0.05), in agreement

with previous studies on Liaoning Section of the Liao

River (Zhou et al. 2011). Seasonal variation of antibiotics

in water could be caused by a series of environmental

factors and their usages. In summer, water flow-through

rate was 8–24 times higher than that in autumn. The high

flow rate may dilute antibiotics to lower concentrations

(Loftin et al. 2008). Besides, high temperatures in summer

could accelerate the decomposition of antibiotics in water

due to enhanced microbial activity (Kim and Carlson 2007;

Xu et al. 2007b). The results were consistent with previous

studies where detected antibiotic concentrations in high

flow and warm conditions were lower than those in low

flow and cold conditions (Jiang et al. 2011; Yang et al.

2011). As the dominant antibiotics, TCs had higher con-

centrations in autumn. In autumn, livestock are more likely

to be infected with respiratory infections and diarrhea,

increasing the use of TCs for prevention of these infectious

diseases (Ben et al. 2013). Thus, TCs were dominant in

autumn instead of MLs. In comparison with the water

column, no significant seasonal variation of antibiotic

concentrations in the sediment indicated that antibiotics

sorbed onto sediments were not subject to the changes of

source input and short-term environmental conditions

between seasons.

The sampling strategy was to select four sites repre-

senting the Dongliao River (S1, S2, S3, and S4), two sites

representing the Tiaozi River (S5 and S6), and one site

representing the boundary section of the Zhaosutai River in

Jilin Province (S7). The results revealed that the total

antibiotic concentrations in the Tiaozi River were at a high

level (mean 936.8 ± 401.9 ng/L in water and

789.5 ± 351.5 ng/g in sediments) among the three inves-

tigated rivers, while those at the Zhaosutai River were at a

low level (mean 187.1 ± 69.2 ng/L in water and

125.9 ± 49.6 ng/g in sediments). Although the spatial

distribution of antibiotics showed large variations among

the sampling sites, antibiotics had an overall trend of

higher concentrations near cities in each river, such as S2

(650.9 ng/L in water and 361.0 ng/g in sediments, autumn)

in the Dongliao River and S5 (1345.6 ng/L in water and

1190.4 ng/g in sediments, autumn) in the Tiaozi River. The

total antibiotic concentrations decreased from the S2 or S5

to the downstream of each river, with the exception of

water samples from the Tiaozi River in summer.

The untreated and treated wastewater from Liaoyuan

and Siping cities were discharged into the upstream of S2

and S5, respectively. Compared with S2, S5 presented a

higher total antibiotic concentration. The populations and

the breeding scale of livestock and poultry in Siping area

were 2.7 and 2.1 times larger than that in Liaoyuan area,

respectively (Liaoyuan Statistical Bureau 2014; Siping

Statistical Bureau 2014). The larger human and livestock

populations may have led to higher contamination level at

S5. Previous work indicated that residual antibiotics in the

areas close to highly urban locations were higher than those

in less populated areas (Zhou et al. 2011). In addition,

although some wastewater was treated in sewage treatment

plants, antibiotics cannot be removed completely by cur-

rent technologies and high antibiotic concentrations were

still found in the effluents (Xu et al. 2007a). Therefore, the

results revealed that sewage discharge from surrounding

anthropogenic activities and livestock operations may be

the primary reason for the higher antibiotic concentrations

at those sampling sites. For S1 in Dongliao River, it is

located at the upstream of Liaoyuan. It may be less influ-

enced by the input of wastewater. Besides, the relatively

low antibiotic concentration at S1 could be mainly attrib-

uted to dilution of relatively less contaminated water from

Yangmu Reservoir. For S6 in the Tiaozi River, the rela-

tively high antibiotic concentration in water in summer

may be due to the input of highly contaminated water from

the tributary originated from Lishu Town, compared with

S5. Generally, the spatial distribution of antibiotics in Jilin

Section of the Liao River was largely dependent on the

distance to major pollution sources in Liaoyuan and Siping

cities. Liang et al. (2013) investigated the distribution of

antibiotics in the Pearl River Estuary. Similar to our work,

they found that total antibiotic concentrations in water were

higher along the western coast than the eastern coast,

resulting from the distance to major pollution sources on

the west coast.

Risk assessment of antibiotics in Jilin

Section of the Liao River

Previous studies have reported that antibiotics in the

aquatic environment may cause adverse ecological and

health impacts on aquatic organisms (Jiang et al. 2011). In

the present study, antibiotics were frequently found in

water samples from the Jilin Section of the Liao River.

Therefore, it is necessary to estimate the environmental

risk of these antibiotics to organisms.

Individual RQs of 12 antibiotics in main tributaries of

Liao River in Jilin Province were estimated (Fig. 3). When

the value of RQ exceeded 1.0, it meant that the risk for the

living organisms in water was high. If the value of RQ

ranged from 0.01 to 0.1 and 0.1 to 1, it was regarded as low

and medium risks, respectively (Hernando et al. 2006).

Generally, a large majority of the RQ values were ranged

from 0.01 to 1, indicating low to medium risk for the

aquatic organisms (algae, plants, and invertebrates) posed
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by the target compounds in any season. In comparison with

plants and invertebrates, algae were relatively susceptible

to antibiotics. Previous studies had also reported that

exposure to antibiotics tend not to affect invertebrate as

much as algae (Lützhøft et al. 1999). The RQ values of

OFL and ETM for algae were ranged from 1.2 to 14.1 and

1.0 to 9.8 in three rivers, indicating that these antibiotics

were of high risk for algae in the investigated rivers. As for

invertebrates, the RQ values of most antibiotics were lower

than 0.01, suggesting little risk for them. However, OTC

could cause high and medium risk for invertebrates, while

ETM could cause medium to low risk. It was worth noting

that RTM in the Tiaozi River showed low risk to inverte-

brates due to the relatively high concentration compared

Fig. 3 Risk assessment of

antibiotics in the water from

three main tributaries of the

Liao River in Jilin Province in

summer and autumn

1202 Page 8 of 10 Environ Earth Sci (2016) 75:1202

123



with other two rivers. For the same reason mentioned

above, high risk of OFL was found for plants in the Don-

gliao River and the Tiaozi River. Thus, OFL, ETM, and

OTC were the major antibiotics and showed potential

adverse ecological consequences for aquatic organisms.

The present study revealed that antibiotics were

occurring as mixtures in the three rivers. However, the

above risk assessment did not consider effects of mixtures

of antibiotics. In view of the precautionary principle, a

concentration addition model was used to estimate the

mixture effects of 12 antibiotics with similar or dissimilar

mechanisms of action by summing the RQ values for the

worst-case scenario (Leung et al. 2012; Zhao et al. 2010)

and the resultant mixture RQs are shown in Fig. 3. The

mixture RQs of 12 antibiotics in water ranged from 0.08 to

24.5, suggesting medium to high risk for the investigated

aquatic organisms. Unfortunately, this assessment of the

risk for the three rivers only accounted for the toxic effects

of 12 measured antibiotics. It did not consider the toxic

effects of any other contaminant that might be present in

these rivers. The toxicological information of more

antibiotics needs to be further investigated to fully assess

the risks.

Conclusions

The results showed that OTC, ETM, and OFL were widely

distributed in surface water, and OFL, OTC, and NOR

were the dominant antibiotics in sediments. The occurrence

of the antibiotics in surface water in autumn was signifi-

cantly higher than that in summer, while no significant

seasonal variations were found for antibiotic concentra-

tions in the sediment. As for the spatial variations, antibi-

otics showed an overall trend of higher concentrations near

cities, including Siping and Liaoyuan. The spatial distri-

bution of antibiotics was largely dependent on the distance

to major pollution sources leading to relatively low

antibiotic concentration in the downstream of each tribu-

tary. Based on the worst-case scenario, potential risks were

suspected for OFL, ETM, and OTC in the section of the

Liao River in Jilin Province. Accounting for the toxicity of

mixtures of the antibiotics, it posed medium to high risk for

the investigated aquatic organisms. These results revealed

the potential source of antibiotics and indicated that the

pollution control for Liao River in Jilin Province should be

strengthened and more attention should be given to the

Siping area.
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