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Abstract
Rivers may receive pharmaceuticals, personal care products, and environment estrogens, which are emerging concerns, from
various sources. Understanding the fate of these emerging contaminants (ECs) from the sources to their receiving river is
important for assessing their ecosystem risk. Here, the occurrence, seasonal variation, spatial distribution, and ecological risk
of 22 ECs in water and sediments from the Jilin Songhua River, as well as in the effluents from the riverside Jilin wastewater
treatment plant (WWTP) were investigated. Results indicated that estriol with the highest median concentration of 21.5 ng L−1 in
the river water and with the highest median concentration of 481.5 ng g−1 in the sediments, and methylparaben with the highest
concentration of 29.6 ± 2.9 ng L−1 in the WWTP effluents were the predominant contaminants. The total concentration of ECs in
the river water in the dry season was about 1.5 times higher than that in the wet season. The concentrations of these ECs close to
the contaminated tributary and theWWTPwere relatively high. Risk assessment showed that the maximum risk quotient value of
estrone was 1.07 in the river water and estriol was 2.10 in the effluents. In addition, erythromycin posed generally medium risk in
the river water and WWTP effluents. It should be paid attention to the prior control of the three contaminants in the river region.

Keywords Pharmaceutical . Person care product . Endocrine disrupting compound . Antibiotic . Estrogen . Ecological risk
assessment

Introduction

Regarding emerging contaminants (ECs), the use of pharma-
ceuticals is for both human and veterinary treatment. Personal
care products (PCPs) are increasingly used for human appli-
cations. Environment estrogens (EEs) are secreted by live-
stock and poultry. Their discharge has gradually increased
due to the global economic development. In recent years, the

ECs have been widely detected in different aquatic environ-
mental compartments with concentrations ranging from
ng L−1 to μg L−1 in aqueous matrices and ng g−1 to μg g−1

in solid matrices (Moreno-Gonzalez et al. 2015; Gong et al.
2016; Peng et al. 2017). ECs access the river water by various
ways, but their main input is through treated and untreated
wastewater discharges, which the result of that conventional
wastewater treatment plants (WWTPs) are unable to
completely remove these contaminants (Wang and Wang
2016). In addition, these ECs could also enter into the natural
waters through the agricultural runoff (Ali et al. 2018). The
continuous discharge could cause potential resistance genes to
develop, endocrine disruption, and result in long-term poten-
tial risk to the aquatic ecosystems (Arlos et al. 2018; Yi et al.
2017; Archer et al. 2017).

The occurrence and ecological risk of ECs including phar-
maceuticals, PCPs, and EEs in major river systems in China
have been widely investigated in recent years (Zhang et al.
2015; Pan and Chu 2018; Li et al. 2018). However, the inves-
tigation of ECs in Songhua River, the third major river in
China, is scarce. The Songhua River is located in northeastern
China which is the earliest industrial base of China. The
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pollution incidents of toxic pollutants including heavy metal
mercury and nitrobenzene in the river once attracted the most
public attention. In recent decades, with the production pro-
cess transformation of the riverside chemical industrial com-
panies and the implementation of pollution control measures
since 2006, the ecological risk of these toxic pollutants in the
Songhua River is decreasing year by year (Wang et al. 2012;
Dong et al. 2016a,b; Meng et al. 2016). However, the ecolog-
ical risk presented by the ECs is still unknown.

The goals of this study were to (1) investigate the occur-
rence, seasonal variation, and spatial distribution of 22 ECs
including 17 pharmaceuticals, 3 EEs, and 2 PCPs in both river
water and surface sediments of the 500-km Songhua River in
Jilin Province; (2) evaluate the relationship between the ECs
in riverside WWTP effluents and the receiving river water;
and (3) assess the ecological risk of these ECs in the river
water and WWTP effluents.

Materials and methods

Chemicals and reagents

Standards of 22 ECs were purchased from Dr. Ehrenstorfer
GmBH (Augsburg, Germany). They include 17 pharmaceuti-
cals, 3 EEs, and 2 PCPs. Seventeen pharmaceuticals including
three categories: 12 antibiotics including sulfamethoxazole
(SMX), sulfamonomethoxine (SMM), sulfaquinoxaline
(SQX), norfloxacin (NOR), ciprofloxacin (CIP), enrofloxacin
(ENR), ofloxacin (OFL), erythromycin (ETM), amoxicillin
(AMX), doxycycline (DC), florfenicol (FFC), lincomycin
(LIN), ibuprofen (IBP), naproxen (NPX), acetaminophen
(AP), diclofenac (DLF), caffeine (CAF); 3 EEs include es-
trone (E1), estradiol (E2), and estriol (E3), and 2 PCPs includ-
ing triclosan (TCS) and methylparaben (MPB). Their some
physicochemical properties are listed in Table S1 in
Supplementary Material. 13C3-caffeine,

13C3-ibuprofen,
13C2-estrone, and

13C12-triclosan purchased from BOC
Sciences (Shirley, NY, USA) and 13C6-sulfamethazine pur-
chased from Cambridge Isotope Labs (Andover, MA, USA)
were used as surrogate standards. Oasis HLB solid-phase ex-
traction (SPE) cartridges (200 mg and 6 mL for water sample
extraction and 500mg and 6mL for sediment extraction) were
obtained from Waters Corporation (Milford, MA, USA).
Chromatography-grade methanol and formic acid were ob-
tained from Merck (Darmstadt, Germany). Ultrapure water
was prepared using a Milli-Q water purification system
(Millipore Corporation, USA). Stock solutions (100 mg L−1)
of individual ECs and the surrogate standards were prepared
in methanol. All stock solutions were stored in the dark at −
20 °C prior to use. Working solutions were prepared daily
from the stock solutions by serial dilution to prevent their
instability from affecting the experiment.

Sampling sites and sample collection

The distribution of sampling sites in the Jilin Songhua River is
shown in Fig. 1. The basic information of the sampling sites is
listed in Tables S2. River water and sediment samples were
collected from ten sites along the Jilin Songhua River from
upstream (S1) to downstream (S10), and effluent samples
were collected from the riverside Jilin WWTP (W) in July
(wet season) and October (dry season) 2017. Site S1 is located
downstream Baishan reservoir. S2 is located in the main
stream after merging by the Huifa River which is the largest
tributary of Jilin Songhua River. The Huifa River flows 1.4 ×
104 km2 area basin. S3 is located downstream Songhua Lake
and upstream Jilin City. W represents the WWTP of Jilin City.
The inhabitant quantity served by theWWTP is about 1.52M,
and its wastewater treatment capacity is 4.5 × 104 m3 day−1.
S4 and S5 are located in about 3 and 45 km downstream the
WWTP, respectively. S6, S7, S8, and S10 are located in the
suburban region. S9 is located in downstream Songyuan City.
The river flow near site S8 was 1592 and 245 m3 s−1 in the
July and October sampling events, respectively (http://www.
slswxx.cn/). During the wet season in the study, the monthly
average amount of precipitation was 148.0 mm, 15% more
than normal year. During the dry season, the monthly
average amount of precipitation was 11.8 mm, 9% less than
normal year (http://www.weather.com.cn/). Overlying water
(0.5 m depth) and surface sediments (top 10 cm) were
collected. Grab effluent samples were collected from the
riverside WWTP discharge channel. All samples were
collected in duplicate from each site. The collected water
and sediment samples were stored in an icebox and
transported to the laboratory, and were immediately
pretreated for the experiment. The pH and dissolved oxygen
(DO) of the water samples were measured in situ, and the total
organic carbon (TOC) contents of the sediment samples were
measured by a TOC analyzer (TOC-L, Shimadzu, Japan) in
the laboratory. These data are listed in Table S3.

Sample pretreatment, instrumental analysis,
and quality assurance

All liquid samples including the river water and WWTP
effluents (500 mL) spiked with 50 ng of the surrogate
standard (13C6-sulfamethazine) were filtered through
0.45-μm glass fabric filters before extraction, followed
sulfuric acid (1 mol L−1) to adjust the pH to 4.0 and
0.2 g of Na2EDTA. The samples were extracted using
Oasis HLB SPE cartridges. Each cartridge was sequential-
ly conditioned with 6.0 mL of methanol and 6.0 mL of
Milli-Q water prior to use, and the water samples were
loaded at a flow rate of 10 mL min−1. Following this, the
extraction cartridge was rinsed with 6 mL of Milli-Q wa-
ter to remove excess Na2EDTA and dried under a
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negative-pressure nitrogen stream. After drying, the car-
tridge was eluted from its case with 6.0 mL of methanol.
The eluates were almost dried at 30 °C in a water bath
with a gentle nitrogen stream, and 50 ng of per internal
standard was added (13C3-caffeine,

13C3-ibuprofen,
13C2-

estrone, and 13C12-triclosan). The residues detected by
positive and negative mode were dissolved with metha-
nol/0.1% formic acid water (15:85, v/v) and methanol-
water (10:90, v/v) to the volume of 1.0 mL, respectively.
The final extracts were filtered through a 0.22-μm glass
fabric filter into 2-mL amber vials for liquid chromatog-
raphy by a tandem mass spectrometry system (LC-MS/
MS) analysis. Sediment samples were pretreated by
ultrasound-assisted extraction and SPE. Firstly, 5 g of
the sediment was freeze-dried and passed through a
74-μm sieve. They were then weighed in a 50-mL centri-
fuge tube with 50 ng of 13C6-sulfamethazine as a standard
substitute and 0.4 g of Na2EDTA. The sediment samples
were then mixed for 2 min and then received 30 mL of
methanol before undergoing ultrasonic extraction in a wa-
ter bath at 30 °C for 20 min. The extracts were centri-
fuged at 10,000 rpm for 2 min to collect the supernatant,
which was transferred to a 50-mL centrifuge tube. The
ultrasonic extraction and centrifuging procedure was re-
peated twice. The combined extracts were evaporated on a

rotary concentrator (110 Pa, 30 °C, r = 120 rpm) to con-
centrate the solution to 10 mL, which was then diluted to
500 mL with Milli-Q water. The following steps were the
same as the SPE procedure of water samples.

The 22 ECs were identified on a LC-MS/MS (API 4000,
Applied Biosystems, USA). ECs were separated on a Dionex
C18 column (2.1 × 150 mm, 3 μm particle size). Ten microli-
ters of the extract were automatically injected, and the LC oven
temperature was 25 °C during sample analysis. Gradient con-
ditions were applied at a 0.20-mL min−1 flow rate. Analyses
were conducted in the negative mode for 8 of the compounds
(all NSAIDs, PCPs, and FFC) and the positive mode for the
other 14 compounds. The conditions of positive and negative
mode phases and gradient elution are listed in Tables S4 and
S5. The positive mobile phase gradient elution was as follows:
the initial gradient was 15% of methanol for 1.0 min, which
increased to 25% from 1.0–3.0 min and held for 1 min. It
increased to 85% from 4.0 to 13.0 min, remained at 85% until
14.0 min, decreased to 15% from 14.0 to 14.1 min, and then
remained at 15%, with a total runtime of 19 min. The negative
mobile phase gradient elution was as follows: the initial gradi-
ent was 10% of methanol for 3.0 min, which increased to 90%
from 3.0 to 8.0 min, remained at 90% until 12.0min, decreased
to 10% from 12.0 to 12.1 min, and then remained at 10%, with
a total runtime of 17.0 min. The instrument parameters were as

Fig. 1 Location of sampling sites
from upstream (S1) to
downstream (S10) in the Jilin
Songhua River
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follows: ion spray voltage − 3500 V; curtain gas 45 psi
(0.31 MPa); nebulizer gas 35 psi (0.24 MPa); auxiliary gas
40 psi (0.28 MPa); collision gas 6.0 psi (0.15 MPa); source
temperature 550 °C. The mass spectrometer was operated in
the multiple reaction monitoring (MRM) mode. The ion selec-
tion parameters are listed in Table S6.

For quality assurance and control, the recoveries of each
spiked sample, method detection limit (MDL), method quan-
tification limit (MQL), field blank, matrix spike recoveries,
and duplicate samples were analyzed. MDL and MQL were
calculated based on a signal to noise ratio (S/N) of 3 to 10. The
MQL was 0.3–3.3 ng L−1 for the liquid samples and 0.5–
6.5 ng g−1 for the sediments (Table S7). All EC compounds
in the blanks fell below the MQL. Sufficient recoveries were
achieved for all ECs, ranging between 66.2 and 109.2%, and
all concentrations were not recovery corrected. The precision
of the method represented by the relative standard deviation
(RSD) percentage of the spiked measurements was 4.1–
15.3%.

Data analyses

The risk quotient (RQ) was used to evaluate the ecological
risk of the ECs. The equation for calculating the RQMEC con-
ducted by the measured environment concentrations (MEC)
of ECs is as follows:

RQMEC ¼ MEC=PNEC ð1Þ
whereMEC is the measured environmental concentration, and
PNEC is the predicted no-effect concentration. In this study,
the lowest PNEC values of ECs in water were obtained from
the literatures which are listed in Table S1. When the RQ
exceeds 1.0, the risk is high. When the RQ ranges from 0.01
to 0.1 and 0.1 to 1, the risks are low and medium, respectively
(Hernando et al. 2006).

The weighted measured environment concentration
(WMEC) was calculated as follows:

WMEC ¼ Cave � Rtot þ Cmax � R90%max ð2Þ
where Cave and Cmax are the average and maximum concen-
trations, respectively; Rtot is the detection frequency (%); and
R90%max is the ratio of the number of samples with concentra-
tions exceeding the 90% maximum concentration to the total
number of samples (Ben et al. 2018). Hence, RQWMEC con-
ducted by weighted measured environment concentrations
(WMEC) is calculated as follows:

RQWMEC ¼ WMEC=PNEC ð3Þ

Statistical analyses were all conducted using IBM
SPSS Statistics (version 22.0) and OriginPro (version
8.0) to identify significant differences and relationships
of the ECs (p < 0.05).

Results and discussion

Occurrence of the ECs in the river water, sediments,
and WWTP effluents

As shown in Table 1, 21 ECs were detected at least once either
in the samples of river water, sediments, andWWTP effluents.
Only NOR was never detected in any sample. In the river
water, E3 was the most frequently detected compounds in 80
and 100% of the samples in the wet and dry season, respec-
tively. CAF showed the second highest detection frequency of
100% in the wet season and 70% in dry season, followed by
MPB, with the detection frequency of 100% in the wet season
and 60% in dry season. For the other detected ECs, the min-
imal detection frequency was 20% (TCS) in the wet season,
and 20% (CIP, OFL, and TCS) in the dry season. The highest
maximum concentration was 26.9 ng L−1 (E3) in the wet
season and 37.3 ng L−1 (E1) in the dry season. The median
concentrations ranged from quantification limits to 18.5 and
21.5 ng L−1 (E3) in the wet and dry season, respectively.
Pharmaceuticals were detected at different frequencies and
concentrations. In the wet season, CAF was found to be the
compound with the highest maximum concentration of
26.3 ng L−1 and highest median concentration of 6.8 ng L−1,
followed by DC with the maximum concentration of
15.3 ng L−1 and median concentration of 4.2 ng L−1, whereas
SMX was below their quantification limits. In the dry season,
comparable median concentrations were observed for CAF
with 6.0 ng L−1, DC with 9.3 ng L−1, and SMX with
7.4 ng L−1, respectively. For the three EEs, the higher maxi-
mum concentration of E1 was 37.3 ng L−1 in the dry season,
E2 was 16.1 ng L−1 in the dry season, and E3 was 29.4 ng L−1

in the dry season. For PCPs, MPB were detected at high me-
dian concentrations of 6.0 ng L−1 in the wet season, while low
median concentrations of 1.3 ng L−1 in the dry season. TCS
had the same mean concentrations of 0.2 ng L−1 in both wet
and dry seasons.

In the sediments, SMX, SMM, SQX, AMX, and LIN were
not detected. Among all the 22 ECs, AP and MPB were the
most frequently detected compounds in 100% of the samples
in the wet and dry season, respectively. CIP and IBP showed
the second highest detection frequency of 100% in the wet
season and 90% in dry season. For the other detected ECs,
the minimal detection frequency was 30% (DC and TCS) in
the wet season and 20% (TCS) in the dry season. The highest
maximum concentration was 745.9 and 517.7 ng g−1 (E3) in
the wet and dry season, respectively. The median concentra-
tions ranged from quantification limits to 481.5 and
138.2 ng g−1 (E3) in the wet and dry seasons, respectively.
Pharmaceuticals were also detected at different frequencies
and concentrations. In the wet season, IBP was found to be
the compound with the highest maximum concentration of
95.0 ng g−1 andmedian concentration of 38.2 ng g−1, followed
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by ETM with the maximum concentration of 63.8 ng g−1 and
the median concentration of 13.3 ng g−1. DLF had the maxi-
mum concentration of 50.6 ng g−1 and highest median con-
centration of 40.2 ng g−1. In the dry season, comparable me-
dian concentrations were observed for IBP with 7.5 ng g−1,
ETMwith 7.8 ng g−1, and DLF with 20.0 ng g−1, respectively.
For three EEs, the higher maximum concentration of E1 was
492.5 ng g−1 in the dry season, E2 was 391.1 ng g−1 in the dry
season, and E3 was 745.9 ng g−1 in the wet season. For PCPs,
MPB were detected at high median concentrations of
27.7 ng g−1 in the wet season, while low median concentra-
tions of 11.5 ng g−1 in the dry season. TCS had the same
maximum concentrations of 2.1 ng g−1 in both wet and dry
seasons.

In the WWTP effluents, 20 out of the 22 surveyed ECs
were detected, while only the concentrations of NOR and
LIN were below the MQL. The highest detected concentra-
tion was 29.6 ± 2.9 ng L−1 (MPB) in the wet season and
22.4 ± 2.2 ng L−1 (SMX) in dry season. For pharmaceuti-
cals, in the wet season, SMXwas found to be the compound
with the highest detected concentration of 17.0 ± 1.6 ng L−1,
followed by AMX with the concentration of 14.1 ±
1.4 ng L−1, CAF with the concentration of 11.9 ±
1.2 ng L−1. In the dry season, comparable the detected con-
centrations were observed for SMX with 22.4 ± 2.2 ng L−1,
AMX with 8.9 ± 0.9 ng L−1 and CAF with 7.3 ± 0.7 ng L−1,
respectively. For the three EEs, the higher detected concen-
tration of E1 was 5.2 ± 0.5 ng L−1 in the dry season, E2 was
18.7 ± 1.8 ng L−1 in the dry season, and E3 was 15.9 ±
1.5 ng L−1 in the dry season. For PCPs, MPB were detected
at high concentrations of 29.6 ± 2.9 ng L−1 in the wet sea-
son, while low concentrations of 12.5 ± 1.2 ng L−1 in the dry
season. These were much higher than the concentrations of
TCS with 1.5 ± 0.1 ng L−1 in the wet season and 2.0 ±
0.2 ng L−1 in the dry season.

Summarily, E3 with the highest median concentration of
21.5 ng L−1 in the dry season were the predominant contam-
inant in the river water, E3 with the highest median concen-
tration of 481.5 ng g−1 in the wet season were predominant in
the sediments, and MPB with the highest concentration of
29.6 ± 2.9 ng L−1 in the wet season were predominant in the
WWTP effluents. It was found that the concentration of MPB
was 151.0 ng L−1 in the WWTP effluents located in the Pearl
River region (Yang et al. 2017). It could indicate that the usage
and discharge of MPB in the Songhua River region in the
northeastern China were much lower than those in the Pearl
River region in the southern China.

Seasonal variation of the ECs in the river water,
sediments, and WWTP effluents

The concentrations of ECs in the river water and sediments
at different sampling sites, as well as theWWTP effluents inT
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the wet and dry seasons are shown in Fig. 2. In the river
water, the total concentrations of these ECs (ΣECs) ranged
from 64.3 to 157.7 ng L−1 with the mean value of
115.0 ng L−1 among the ten sampling sites in the dry season,
while it ranged from 11.2 to 127.1 ng L−1 with the mean
value of 78.7 ng L−1 in the wet season. The mean ΣECs in
the river water in the dry season were about 1.5 times higher
than that in the wet season. In the sediments, the ΣECs
ranged from 146.3 to 1196.3 ng g−1 with the mean value
of 626.6 ng g−1 in the dry season, while it ranged from
170.5 to 1186.6 ng g−1 wi th the mean value of
831.0 ng g−1 in the wet season. The mean ΣECs in the
sediments in the dry season were lower than that in the
wet season. In the WWTP effluents, the ΣECs were
169.1 ng L−1 in dry season and 152.5 ng L−1 in wet season.
There was no obvious difference between the two seasons
which indicated the treatment effectiveness for these ECs in
the WWTP was relatively stable.

Calculated on the hydrology and meteorology data de-
scribed in the above section, the monthly average amount of
precipitation during the wet season was 12.5 times higher than
that during the dry season, and the river flow in the wet season
was 6.5 times higher than that during the dry season. The
seasonal variation of the most ECs concentrations in the river
water could be attributed to the rainfall and river flow (Fang et
al. 2017; Proia et al. 2016).

Spatial distribution of the ECs in the river water
and sediments

TheΣECs exhibited obvious spatial differences among the ten
sampling sites in the river water and sediments (Fig. 2). In the
river water, the highest ΣECs were 157.7 ng L−1 at S4 in dry
season and 122.9 ng L−1 at S2 in wet season. In the sediments,
the highest ΣECs were1196.3 ng g−1 at S4 in dry season, and
1186.6 ng g−1 at S2 in wet season. Sites S2 and S4 showed
relatively high concentrations of the ECs. The difference of
pollutant concentrations among different sampling sites in riv-
ers could be influenced by various factors, such as river flow,
distance with point and non-point sources (Chen et al. 2018;
Li et al. 2017a,b; Wu et al. 2016). Site S2 is located down-
stream Huifa River, which is the largest tributary of the Jilin
Songhua River. The Huifa River runs through 13 small- and
medium-sized towns with high-intensive agricultural activi-
ties. The agricultural runoff, industrial and domestic wastewa-
ter from riverside towns could lead to higher concentration of
the ECs in it. The Huifa River could be the main contributor of
the ECs in site S2. Site S4 is located downstream the WWTP
of Jilin City. The higher concentrations of the ECs in S4
should be related to the discharge of the WWTP effluents. It
was also found that the higher concentration level of ECs in
the mainstream of Haihe River was also affected by the merg-
ing of several polluted tributaries and the discharge of
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riverside WWTP effluents (Chen et al. 2018; Dai et al. 2016).
So, it could be proposed that the investigation of ECs in con-
taminated tributaries and the riverside WWTP effluents in the
major rivers in China need to pay attention.

In addition, in order to understand the relationship of ECs
between the WWTP effluents and the receiving water, the
Spearman correlation analysis was conducted among individ-
ual EC concentrations in the WWTP effluents and the river
water downstream sampling sites S4 and S5. The calculated
correlation coefficients of individual EC concentrations in the
WWTP effluents and the river water in S4 were 0.48 and 0.63
(p < 0.01) in wet and dry seasons, respectively. However, the

calculated values between the effluents and S5 showed no
correlation (p > 0.01). It indicated that the discharge of
WWTP effluents were one of the main sources of these ECs
for the receiving river, but its effects could be limited. The
similar results were also reported in the study on the
Huangpu River (Wu et al. 2016).

Ecological risk assessment of the ECs in the river
water and WWTP effluents

The RQ values of the 22 ECs in the Jilin Songhua River water
and the WWTP effluents were calculated (Figs. 3 and 4). The
PNECs for ECs were obtained from reported literature using
the most sensitive aquatic species based on their chronic tox-
icity data (Table S1). In the river water in the wet season, the
RQMEC value of E1, E3, OFL, ETM, LIN, and MPB were
0.24, 0.25, 0.12, 0.18, 0.11, and 0.19, respectively. It indicated
that 27.3% of these ECs in the river water in the wet season
showed medium risk (0.1 < RQMEC-wet < 1). The RQWMEC

values of E1, E3, and MPB were 0.13, 0.20, and 0.19, respec-
tively. It indicated that 13.6% of these ECs in the river water in
the wet season showed medium risk (0.1 < RQWMEC-wet < 1).
In the dry season, the RQMEC value of E1, E3, ETM, and DC
were 0.38, 0.49, 0.18, and 0.15, respectively. It indicated that
18.2% of the ECs in the river water in the dry season showed
medium risk (0.1 < RQMEC-dry < 1). The RQWMEC value of
ETM, E1, and E3 were 0.15, 0.24, and 0.49, respectively. It

Fig. 4 Ecological risk assessment
of the ECs in the river water at
each sampling site and in the
WWTP (W) effluents in the wet
and dry seasons
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indicated that 13.6% of these ECs in the river water in the dry
season showed medium risk (0.1 < RQWMEC-dry < 1).

Among the ten sampling sites, more types of these ECs
showed medium or high risk at S2 and S4. E1 posed high risk
at S2 with the RQ value of 1.07 in the dry season. Seven out of
22 ECs posed medium risk at S2 and S4 in the wet season and
6 out of 22 ECs posed medium risk at S2 and S4 in the dry
season. Among them, ETM, E1, and E3 in the river water at
S2 and S4 in the two seasons posed medium risk. In the
WWTP effluents, E3 posed high risk with the maximum RQ
value of 2.10 in the dry season. AMX, ETM, DC, DLF, E1,
and MPB posed medium risk in the dry season and AMX,
SMX, ETM, E1, E3, and MPB posed medium risk in the
wet season. Summarily, ETM, E1, and E3 posed medium or
high risk in the river water and WWTP effluents. It was re-
ported that ETM also posed medium risk in the heavily-
polluted Haihe River, and E1 and E3 posed medium risk in
Yangtze River (Chen et al. 2018; Nie et al. 2015). Compared
with the two major rivers in China, the ecological risk of
ETM, E1, and E3 in the Jilin Songhua River were at the same
or higher level. Therefore, the potential ecological risk and
associated adverse effects of the three ECs in this river may
need to pay attention.

Conclusions

The occurrence, seasonal variation, spatial distribution,
and ecological risk of 22 ECs in water and sediments
from the Jilin Songhua River, as well as in Jilin WWTP
effluents were investigated for the first time. Results indi-
cated that E3 were the dominant contaminants in the river
water and sediments, and MPB was the dominant contam-
inants in the WWTP effluents of Jilin City. The total con-
centration of ECs in the river water in the dry season was
about 1.5 times higher than that in the wet season, but the
total concentration of ECs in sediments in the dry season
was lower than that in the wet season. The concentrations
of these ECs close to the contaminated tributary and the
WWTP were relatively high. Risk assessment showed that
ETM, E1, and E3 posed medium or high risk in the river
water and Jilin WWTP effluents. So, the three ECs should
be preferentially controlled.
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