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A B S T R A C T

Triclosan and triclocarban are priority environmental contaminants of increasing concern to environmental
health. After application, the chemicals enter the aquatic environment and easily distribute in bed sediment due
to their hydrophobicity, and thus pose potential ecological risks. This study investigated the distribution and
risks of triclosan and triclocarban in the sediment environment of a less urbanized region in South China. The
sampling sites with high levels of triclosan and triclocarban were found to locate in the tributaries. When
compared to other monitoring results obtained from more densely populated regions, the residues of triclosan
and triclocarban in the investigated region were low, suggesting that these two chemicals conservation in se-
diment is related to anthropic activities. The results of risk quotients showed that high risks to aquatic organisms
were posed by triclosan residues in sediment, while the risks to benthic organisms were quite low. Triclocarban
residues in sediment posed minimal to medium risks to aquatic and benthic organisms. In summary, using either
of the calculation methods of risk quotients, medium risks posed by the antimicrobials can be found in certain
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sampling sites with low population densities. The results may be useful in the development of evidence-based
policies for the government.

1. Introduction

Triclosan and triclocarban are widely used as the antimicrobial in-
gredients in personal care products such as toothpastes, soaps and
medical disinfectants. These products generally contain 0.1%‒0.3% by
weight of triclosan and 2% by weight of triclocarban [1,2]. In China,
the combined usage of triclosan and triclocarban was reported to reach
approximately 1220 tons per annual [3]. After application, they are
washed down the drain and thus transported to domestic wastewater.
Triclosan and triclocarban may further enter the environment due to
their incomplete removal in wastewater treatment plants (WWTPs) or
the direct discharge of wastewater without any treatment [4–6].
Therefore, the contamination profiles of triclosan and triclocarban
should be received more attention.

There are a large number of studies regarding the occurrence and
fate of triclosan and triclocarban in surface water, sediment, waste-
water and biota [7–16]. Overall, they were detected at concentrations

ranging from ng/L to μg/L in aqueous phases and ng/g to μg/g in solid
matrices, plants and organisms. Apart from environmental matrices,
Iyer et al. demonstrated that triclosan and triclocarban can be found at
μg/L levels in human urine [17], indicating the urgent need for further
research on the exposure and risk profiles of these two chemicals. Most
studies mainly focused on the contamination profiles of triclosan and
triclocarban in the river that flows through the densely populated re-
gions [3,18,19], while limited data about their occurrence in the river
that flows through the cities with low population. Sediment is not only
a storage medium of hydrophobic pollutants, but also a secondary
pollution source for surface water when water qualities are changed.
Due to their hydrophobicity (Table S1), triclosan and triclocarban have
a strong tendency to distribute in the sediment phase [4,20] and were
easily adsorbed by river/marine sediment according to previous studies
[13,21,22]. The Beijiang River is an important drinking water source in
the south of China. It flows along the cities of Shaoguan and Qingyuan
with low population densities. Accordingly, it is essential to understand

Fig. 1. Sampling locations of the Beijiang River, South China.
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the spatial distribution of triclosan and triclocarban in sediment from
the Beijiang River.

The presence of triclosan and triclocarban in sediment could cause
adverse effects on aquatic and benthic organisms [21,23–25]. For ex-
ample, the chronic toxicity of triclosan and triclocarban to the chir-
onomid (Chironomus yoshimatsui) was evaluated with the no observed
effect concentrations (NOECs) of 5.0 and 2.5 μg/g [21]. Based on the
risk quotient approach of the European Commission Technical Gui-
dance Document [26], the ratio of a measured concentration and a
predicted no effect concentration is calculated to assess the environ-
mental risk posed by pollutants. For the risk assessment of triclosan and
triclocarban in sediment, an indirect method is frequently used and
conducted as follows [27,28]. First, the measured concentration of a
chemical in sediment is transformed to that in the corresponding pore
water based on the organic carbon partitioning coefficient and the
fraction of the total organic carbon in sediment samples [1]. Second,
the risk quotient is calculated by the ratio of the converted concentra-
tion in pore water and the predicted no effect concentration, which is
derived from aquatic toxicity data. Peng et al. reported that the residues
of triclosan posed high risks to aquatic organisms in> 75% of sediment
samples from the Zhujiang River using the indirect approach [27].
However, based on the concentrations in sediment and sediment toxi-
city, using a direct method for risk assessment of triclosan and triclo-
carban in sediment is quite limited.

The key objectives of the current study are to understand the pol-
lution profiles of commonly used antimicrobials triclosan and triclo-
carban in the sediment of the Beijiang River that flows through the
cities with low population, and to clarify the comprehensive risks of
triclosan and triclocarban in sediment under the comparison between
different calculation approaches of risk quotients. The results presented
herein could help us better understand the spatial distribution and
potential risks of triclosan and triclocarban in the benthic environment.
Meanwhile, these findings will be useful in the development of evi-
dence-based policies for the government.

2. Experimental methods

2.1. Study area and sampling campaigns

With the rapid urbanization, a great deal of treated and untreated
domestic sewage discharges from the surrounding cities such as
Shaoguan and Qingyuan to the Beijiang River, which is one of the most
important drinking water sources in the Pearl River Delta region. In this
study, the population less or higher than 10 million can be defined as
low or high population. Low population levels of Shaoguan (2.93 mil-
lion) and Qingyuan (3.83 million) were found by a report [29], in-
dicating that the Beijiang River flows through a less urbanized region
when compared to other Chinese rivers (e.g., the Zhujiang and Dong-
jiang rivers). Therefore, the Beijiang River and its main tributaries (e.g.,
the Dayan, Pajiang, Binjiang, Manshui and Suijiang rivers) were se-
lected as the study area. The sampling sites are depicted in Fig. 1.
Detailed information of geographic location in sampling sites can be
found in Table S2.

Sampling campaigns were carried out in August of 2015, during
which the flow rate of the Beijiang River is the average value of a year.
There were 34 sediment samples collected in the investigated area.
Sediment samples (three replicates of each sampling site) were col-
lected in 200mL clean amber bottles. Sodium azide (1 g/L sediment)
was then added into the bottle to suppress potential microbial activities.
Next, all sediment samples were placed in coolers and transported to
laboratory. The sediment samples were freeze-dried, homogenized, and
stored at 4 °C for further analysis.

2.2. Analytical methods and quality control

Two commonly used antimicrobial agents, including triclosan (TCS)

and triclocarban (TCC), were chosen in this study (Table S1). Supplier
sources of the chemicals and reagents are provided in the
Supplementary material (Text S1).

Antimicrobial agents in sediment samples were extracted using ul-
trasonic extraction coupled with solid phase extraction (SPE) according
to our previous study [30] with a little modification. Methanol, hy-
drophile-lipophile balance cartridge (HLB) and ethyl acetate were used
as the ultrasonic extraction solvent, SPE cartridge and SPE eluent, re-
spectively. The detailed extraction procedure was as follows. Approxi-
mately 2.0 g (dry weight, dw) of sediment was placed into a 50mL
polypropylene centrifuge tube. Mixed internal standard solutions were
then spiked accurately, after which the tube was shaken and placed in a
fume cupboard overnight. The sediment combined with 10mL of me-
thanol was vortexed for 30 s, extracted by an ultrasonic bath for 10min,
and centrifuged at 4000 rpm for 5min. The supernatant was then
transferred into a 100mL glass pear-shaped flask. The extraction pro-
cedure was repeated twice. All supernatants were combined and eva-
porated to dryness. Next, the residue was reconstructed in 9mL of 5%
(v/v) methanol aqueous solution, adjusted pH to 3, vortexed for 30 s,
and transferred into a 10mL polypropylene centrifuge tube. The tube
was then centrifuged at 6000 rpm for 5min, after which the super-
natant was concentrated by solid phase extraction. Oasis HLB cartridge
(60mg, 3mL) was preconditioned consecutively with 5mL methanol
and 5mL acidified ultrapure water (pH 3.0). The above supernatant
was loaded into the HLB cartridge at a flow rate of 5–10mL/min. Next,
the cartridge was subsequently washed with 3mL of 5% (v/v) methanol
aqueous solution, dried under vacuum for 1 h, and eluted with 6mL of
ethyl acetate. The eluate was dried with a gentle stream of nitrogen,
after which the residue was dissolved in 0.5mL of methanol, filtered
through a 0.22 μm membrane filter, and stored in −20 °C until HPLC-
MS/MS analysis.

The target compounds were determined using a Shimadzu HPLC
system (DGU-20A3R Degasser; LC-20ADXR Liquid chromatography;
CBM-20Alite Communication module; SIL-20ACXR Autosampler; CTO-
20 A Column oven) (Nakagyo-Ku, Koyoto, Japan) coupled to an AB
Sciex API 4000 linear ion trap quadrupole mass spectrometer (Foster
City, CA, USA) with an electrospray ionization in negative ionization
mode. A Zorbax SB-C18 column (3.0×100mm, 3.5 μm) and its cor-
responding guard column (4.6× 12.5mm, 5.0 μm) from Agilent
Technologies (Santa Clara, CA, USA) were used for chromatographic
separation of target compounds. Quantitative analysis was conducted in
multiple-reaction monitoring (MRM) mode. The optimized instru-
mental operating parameters and MRM mode parameters are given in
Tables S3–S4.

Recovery tests of the target compounds were conducted by spiking
the analytes into sediment samples in three replicates. The method
detection limit (MDL) and method quantification limit (MQL) of each
compound were calculated by three and 10 times the signal-to-noise
ratio (S/N) based on spiked samples, respectively. The recoveries, MDLs
and MQLs of all target compounds were 81.3%–100%, 0.02‒0.06 ng/g
and 0.07‒0.20 ng/g (Table S5), indicating that the analytical method
was sensitive with satisfactory extraction efficiency. To monitor po-
tential carryover and instrument performance, a procedure blank, a
solvent blank and a standard solution were run during detection of each
sample batch. Targeted antimicrobials were not detected in blank
samples.

2.3. Ecological risk assessment

The risk quotient (RQ) was used to evaluate the risks posed by target
compounds [26]. According to the risk ranking criteria, RQ < 0.01,
0.01 < RQ < 0.1, 0.1 < RQ < 1 and RQ > 1 indicated minimal
risk, low risk, medium risk and high risk, respectively [31]. In this
study, two types of calculation of RQ, including a direct approach (Eq.
(1)) and an indirect approach (Eq. (2)), were applied to comprehensive
risk assessment.
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RQpw= Cpw/PNECaq (1)

RQs= Cs/PNECbe (2)

Cpw= (Cs × k)/(Koc× ƒoc) (3)

where RQpw and RQs are the risk quotients of pollutants in pore water
and sediment, PNECaq and PNECbe are the predicted no effect con-
centration of pollutants derived based on the aquatic and sediment
toxicity data, respectively. When using an assessment factor approach,
PNEC is derived from dividing the lowest acute EC50 or chronic NOEC
value from the most sensitive species by an appropriate assessment
factor. Moreover, NOEC values are prior to EC50 values when calcu-
lating the PNEC value. When sufficient chronic data are available,
PNEC can be derived by the statistical extrapolation method based on
the species sensitivity distribution (SSD). A log-logistic function is
conducted for SSD, which could obtain a 5th percentile effect con-
centration (HC5). The PNEC value is then calculated by the ratio of the
HC5 value to an appropriate assessment factor. Cs is the measured
concentration of pollutants in sediment (ng/g), Cpw is the corre-
sponding pore water concentration, which is calculated through con-
verting the measured concentration of pollutants in sediment based on
the Eq. (3) assuming an equilibrium distribution state [1], Koc is the
organic carbon partitioning coefficient (L/kg), ƒoc is the fraction (%) of
the total organic carbon in the corresponding sediment sample (Table
S6), and k is an unit conversion factor of 1000 g/kg. Based on the
calculation by the EPI suite model [32], the used Koc values of triclosan
and triclocarban were 13490 and 31623 L/kg in this study (Table S1).

2.4. Statistical analysis

The detection frequency, concentration range, mean concentration
and median concentration were used to describe the contamination
profiles of triclosan and triclocarban in sediment samples from the
Beijiang River and its tributaries including the Dayan, Pajiang, Binjiang,
Manshui, Suijiang and Siqian rivers. Not detected data points were
substituted by zeros during calculation. The Pearson correlation ana-
lysis and principal component analysis (PCA) were conducted to ex-
amine possible correlations between concentrations of target anti-
microbials and sediment properties, and to identify the contamination
profiles in sediment samples. All data analyses were conducted using
SPSS 22.0 and Origin 8.0 for windows.

Due to their persistence [33,34], we assumed that the degradation
of triclosan and triclocarban in sediment was negligible. Thus, the mass

inventories of triclosan and triclocarban in the sediment of different
rivers were conducted to assess the spatial distribution of target anti-
microbial agents in the investigated region (Eq. (4)):

Is = Cs,a × A × d × ρ × k (4)

where Is is the mass inventory (kg) of a chemical in sediment of a river,
Cs,a is the average concentration (ng/g) of all sampling sites in a river, A
is the watershed area (km2) of a river based on the average width and
total length, d is the thickness of sediment (cm), ρ is the average density
(g/cm3) of dry sediment, and k is an unit conversion factor of 0.01
(kg cm2)/(ng km2). It can be presumed that d and ρ are 5 cm and 1.5 g/
cm3, respectively, according to a previous report [35].

3. Results and discussion

3.1. Contamination levels in the sediment from the Beijiang River system

Two commonly used antimicrobials triclosan and triclocarban were
found ubiquitously in the sediment of the Beijiang River (Table S7),
with detection frequencies of 97.1% and 91.2%, respectively (Table 1).
The maximum, mean and median concentrations of triclosan in all in-
vestigated sites were 64.9, 7.01 and 1.63 ng/g, which were one order of
magnitude lower than those in other Chinese rivers (e.g., the Dongjiang,
Zhujiang and Xiaoqing rivers) [3,36], but similar to or higher than
those in marine aquatic environments (e.g., the Greenwich Bay, Hudson
River Estuary, German Bight and Mediterranean coast) [37–40]. For
triclocarban, the maximum, mean and median concentrations in sedi-
ment samples collected from all sampling sites were 43.9, 7.81 and
3.63 ng/g, which were approximately 10–100 times lower than those in
other Chinese rivers (e.g., the Dongjiang, Zhujiang and Xiaoqing rivers)
[3,27,36], but higher than those in the Arkansas River of the United
State of America [41]. Therefore, the slight pollution by triclosan and
triclocarban in the sediment of the Beijiang River can be observed. It is
known that the Pearl River system includes the Zhujiang, Beijiang,
Dongjiang and Xijiang rivers. The Beijiang River flows through the ci-
ties of Shaoguan and Qingyuan, which contain many agriculture,
aquaculture and industrial facilities. According to the Guangdong Sta-
tistical Yearbook 2016, the total population of these two cities was 6.76
million [29]. The Zhujiang and Dongjiang rivers are close to the me-
tropolitan areas of Guangzhou and Shenzhen cities with the high po-
pulation of 13.5 and 11.4 million. In addition, Dongguan city, which is
a part of the Pearl River Delta megacity with 8.25 million inhabitants, is
located along the Dongjiang River. These data indicated the Beijiang

Table 1
Concentration ranges (ng/g), mean values (ng/g), median values (ng/g) and detection frequencies (%) of target compounds in sediment samples from the Beijiang
River and its tributaries.a

No.b Triclosan Triclocarban

Range Mean Median Frequency Range Mean Median Frequency

Mainstream
Beijiang River 14 ND‒4.32c 1.14 0.79 92.9 0.13‒13.6 4.57 3.42 100

Tributary
Dayan River 8 0.50‒64.9 14.8 5.86 100 ND‒29.9 9.11 3.18 87.5
Pajiang River 5 0.40‒34.2 18.1 15.7 100 ND‒28.6 11.8 7.01 80.0
Binjiang River 1 1.77 ‒ ‒ 100 7.95 ‒ ‒ 100
Manshui River 2 1.47‒2.67 2.07 2.07 100 1.73‒3.77 2.75 2.75 100
Suijiang River 1 3.04 ‒ ‒ 100 8.75 ‒ ‒ 100
Shiqian River 2 0.10‒2.63 1.36 1.36 100 ND‒43.9 21.9 21.9 50.0
Unknown tributary 1 1.32 ‒ ‒ 100 3.62 ‒ ‒ 100
All tributaries 19 0.10‒64.9 11.1 2.86 100 ND‒43.9 10.1 3.98 85.0
All investigated sites 34 ND‒64.9 7.01 1.63 97.1 ND‒43.9 7.81 3.63 91.2

a The concentration value, which was greater than the method detection limit but lower than the method quantification limit (MQL), were assigned a value that
was a half of the MQL (the assigned value of < MQL=MQL/2).

b No., number of samples.
c ND, not detected.
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River flows through a less urbanized region when compared to the
Zhujiang and Dongjiang rivers. Previous reports demonstrated the
concentrations of triclosan and triclocarban in the sediment phase were
significantly related to environmental variables such as population
[3,6]; so that the contamination levels of triclosan and triclocarban in
the sediment of the Beijiang River was lower than those in the Zhujiang
and Dongjiang rivers. When compared with other countries’ reports, we
could observe that the levels of triclosan and triclocarban in sediment
samples collected from other Chinese rivers were quite high (Table 2).
This could be explained by the contamination profiles of antimicrobials
that mainly attributed to the population of riverside cities.

3.2. Mass inventories in the Beijiang River system

It is well known that sediment is not only a hydrophobic pollutants
storage container, but also a potential pollution source for surface water
in river systems when water qualities are changed. The target anti-
microbials triclosan and triclocarban are hydrophobic because of their
high log Kow values (4.76 and 4.90), indicating that they have a strong
tendency to adsorb onto sediment. To assess the distribution and in-
ventory of pollutants in the sediment of the Beijiang River system, thus,
the mass inventories of triclosan and triclocarban in various rivers were
calculated. The results showed that the mass inventories of triclosan
and triclocarban in the mainstream of the Beijiang River were 34.2 and
138 kg, while those in the tributaries were 0.47–6.69 and 0.62–14.8 kg,
respectively (Table 3). When compared to those in sediment from other
Chinese rivers [3], e.g., the Liao, Hai, Yellow, Zhujiang, Dongjiang and
Yangtze rivers, the mass inventories of triclosan and triclocarban in the
Beijiang River were quite low. A previous report demonstrated that
triclosan and triclocarban are highly resistant to biodegradation in soil
under anaerobic conditions [34]. Therefore, the characteristics in-
cluding the strong tendency to adsorb onto sediment [20] and re-
calcitrance to biodegradation in sediment [33] lead to their prevalence
in bed sediment, suggesting that trace amounts of triclosan and triclo-
carban probably threaten the structure and function of aquatic/benthic
ecosystems.

3.3. Spatial distribution in the sediment from the Beijiang River system

The concentrations of triclosan and triclocarban in suspended se-
diment varied dramatically between different investigated rivers
(Fig. 2). Based on the mean and median values (Table 1), the con-
tamination level of triclosan decreased in the following order: Pajiang
River > Dayan River > Beijiang River≈Manshui River≈ Suijiang
River≈ Binjiang River≈ Siqian River. As shown in Fig. 1, the WWTPs
are located along with the Pajiang and Dayan rivers, implying that the
distribution of triclosan was related to effluent from the nearby
WWTPs. A similar decreasing order was also observed for triclocarban,
with the exception of the higher concentration in the sampling site T1,
which is located in the Siqian River. In this area, domestic wastewater
was directly discharged into the Siqian River because of lack of was-
tewater treatment facilities. The higher triclocarban concentration in
T1 was most likely due to its high consumption in the nearby area.
Besides, the concentrations of the target antimicrobials in the upper
reach sites T9 and T17 being located in the Pajiang and Dayan rivers
were obviously higher than those in the corresponding receiving loca-
tions (S5 and S9) of the mainstream of the Beijiang River (Fig. 2). This
suggested the input contributions from the tributaries such as the Pa-
jiang and Dayan rivers were the dominant contaminant sources.

The primary chemical parameters (e.g., total organic carbon, total
nitrogen, total phosphorus and ammonia nitrogen) of sediments were
measured according to the Chinese national standard GB17378.5-2007
[42]. The Chinese government has published the Marine Sediment
Quality (GB18668-2002) criteria of China [43], but no comparable
standards are available for fresh-water river sediment. Therefore, the
Chinese national standard GB18668-2002 was used to assess the

potential risks in river sediment in this study. Based on sediment quality
metrics such as total organic carbon, the standard classifies the sedi-
ment into three classes by the environmental functions and protection
objects. The results showed that the sediment qualities of mostly sam-
pling sites, especially for the mainstream of the Beijiang River, be-
longed to the first class quality area, while those from sampling sites T1,
T3 and T17 were worse than the first class quality area (Table S6). This
suggested that the mainstream of the Beijiang River was suitable for
aquaculture, nature reserves, leisure activities, and industries that as-
sociate with human consumption directly. In addition, a slight influence
of total organic carbon (p < 0.05, R2= 0.31‒0.53) or total phosphorus
(p < 0.05, R2= 0.50‒0.60) on the concentrations of triclosan and
triclocarban in sediment can be found (Table S8). These results were in
accordance with those from other reports in different investigated zones
[6,41].

A varimax-rotated component matrix followed by principal com-
ponent analysis (PCA) was used to clarify the contamination profile of
target antimicrobials and sediment parameters in sediment samples.
Three principal components (PC1, PC2 and PC3) that accounted for
52.0%, 20.1% and 14.9% of the total variance, respectively, were
identified. PC1 was bound up with sediment parameters, while PC2
associated with triclosan and PC3 with triclocarban based on the var-
imax-rotated component matrix (Table S9). This meant that the im-
portant influence factor for the distribution of sampling sites in Fig. 3
was the concentrations of sediment parameters, but not the con-
centrations of triclosan or triclocarban. In addition, as shown in Fig. 3,
there were two clusters that were obviously separated from each other.
Sites with low and high pollution for sediment samples were in the
cluster 1 and cluster 2, respectively. The sites with high contamination
were both located in the tributaries of the Beijiang River, such as the
Dayan, Pajiang and Siqian rivers, reflecting the pollution transportation

Table 2
Summary of the reported concentrations of target compounds in sediment.a

Compound Country Location Concentration
range (ng/g)

Reference

Triclosan China Dongjiang River < LOQ‒656 [3]
China Zhujiang River < LOQ–1329 [28]
China Zhujiang River 0.84‒689 [27]
China Sha River 1.52‒155 [44]
China Liao, Hai and

Yellow Rivers
ND‒40.0 [3]

China Xiaoqing River 85‒705 [36]
China Beijiang River ND‒64.9 In this study
USA Arkansas River 3.3‒12.9 [41]
USA Greenwich Bay <1‒32 [37]
USA Rivers, creeks and

lakes in
Minnesota

0.4‒85 [13]

USA Hudson River
Estuary

9‒37 [40]

Germany German Bight <0.4‒13 [39]
Spain Mediterranean

coast
0.3‒131 [38]

Switzerland Lake Greifensee 53 [15]
Australia Barker Inlet 5‒27 [22]

Triclocarban China Dongjiang River < LOQ‒2723 [3]
China Zhujiang River 0.36–2633 [28]
China Zhujiang River 1.82‒3440 [27]
China Sha River 1.12‒353 [44]
China Liao, Hai and

Yellow Rivers
ND‒896 [3]

China Xiaoqing River 226‒1956 [36]
China Beijiang River ND‒43.9 In this study
USA Arkansas River ND‒10.3 [41]
USA Rivers, creeks and

lakes in
Minnesota

5‒822 [13]

a ND, not detected;< LOQ, lower than limit of quantification.
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from tributaries to the mainstream of the Beijiang River. It can be ex-
plained by discharge of antimicrobial-contained effluent from the
nearby WWTPs into the tributaries (Fig. 1). These findings could have
implication for the local government to prevent from contamination in
the mainstream of the Beijiang River.

3.4. Comprehensive risk assessment

Environmental risks of triclosan and triclocarban in the sediment of
the Beijiang River system could be evaluated according to the risk
quotient (RQ), which is calculated by dividing the measured environ-
mental concentration (MEC) by the predicted no effect concentration
(PNEC) [26]. The calculated PNECaq values of triclosan and triclo-
carban were 26.2 and 661 ng/L, while the PNECbe values were 500 and
250 ng/g (Table S10). In our previous report, the PNECaq values of
triclosan and triclocarban were derived by the statistical extrapolation

method [6]. On the contrary, little sediment toxicity data of target
antimicrobials were available. Therefore, a preliminary screening-level
risk assessment in sediment was frequently conducted by the indirect
approach (RQpw), while that performed by the direct approach (RQs)
was quite limited. For the direct and indirect approaches, the calcula-
tions of RQ were based on concentrations of chemicals in sediment and
the corresponding pore water concentrations of chemicals by con-
verting the measured concentrations in sediment (Eq. (3)), respectively.
In this study, both RQpw and RQs were calculated for comprehensive
understanding the ecological risk posed by triclosan and triclocarban
(Fig. 4 and Table S11). For the indirect approach, the RQpw ranged from
0 to 11.3 for triclosan and from 0 to 0.16 for triclocarban. Triclosan
showed medium and high risks at 61.8% and 29.4% of the sampling
sites, while triclocarban posed medium risks to the ecosystem, with the
frequency of 5.90%. The sampling sites with high risks were located in
the Pajiang and Dayan rivers, which received effluent from the nearby
WWTPs (Fig. 1). These results indicated that triclosan and triclocarban
in pore water could cause at least medium risks to aquatic organisms.
Previous studies also demonstrated medium to high risks posed by tri-
closan and triclocarban in other rivers via the indirect approach
[28,44]. For the direct approach, the RQs ranged from 0 to 0.13 for
triclosan and from 0 to 0.18 for triclocarban. Medium risks were found
for these antimicrobials. The proportions of triclosan and triclocarban
were 2.90% and 11.8%. These findings suggested triclosan and triclo-
carban could pose medium to high ecological risks in certain sampling
sites based on the both calculation approaches of RQs. The different risk
profiles obtained by different calculations of risk quotients were ob-
served (Fig. 4). The indirect risk assessment method is to convert the
measured concentrations of pollutants into their corresponding pore
water concentrations and to evaluate the RQ towards aquatic organisms
[44]. In this case, the partition process of a chemical is estimated under
a static state, allowing the higher and more constant concentration in
the overlying water. However, the real status of pore water-sediment
distribution should be under a continuous flow-through system, in
which aquatic organisms will undergo lower exposure concentrations
[45]. The difference implied that the ecological risk calculated by the
indirect approach may be overestimated. Referring to a previous study
about the influence of triclosan-spiked sediment on estuarine benthic
organisms [45], the levels of triclosan in this study could not adversely
affect the meio- or the macro-benthic communities. Although a direct
approach is more suitable for benthic risk assessment than an indirect

Table 3
Mass inventories of target compounds in sediment samples from the Beijiang
River and its tributaries.

Watershed area (km2)a Mass inventory (kg)

Triclosan Triclocarban

In this study
Beijiang River 401 34.2 138
Dayan River 0.99 1.10 0.68
Pajiang River 4.92 6.69 4.34
Binjiang River 12.6 1.68 7.52
Manshui River 3.00 0.47 0.62
Suijiang River 22.6 5.16 14.8

Other Chinese riversb

Liao River ‒ 2234 2533
Hai River ‒ 862 911
Yellow River ‒ 1522 1591
Zhujiang River ‒ 754 903
Dongjiang River ‒ 2106 2565
Yangtze River ‒ 7572 8668

a Watershed area of a river=Average width×Total length. The data were
mainly collected from local “Water Resources Bulletin” and local “Statistical
Yearbook”.

b Data from reference [3].

Fig. 2. Concentrations of (a) triclosan and (b) triclocarban in the sediment of the Beijiang River and its tributaries.
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approach with the conversion of measured concentrations in sediment
to the corresponding concentrations in pore water, there is little in-
formation available regarding the sediment toxicity data. Therefore, it
is essential to develop more sediment toxicity tests, and then to com-
prehensively understand the ecological risk to not only aquatic but also
benthic organisms.

4. Conclusions

The results of this study showed that triclosan and triclocarban were
ubiquitously detected in the sediment of the Beijiang River and its tri-
butaries, with the detection frequency exceeding 90%. However, the
concentrations and mass inventories of these two antimicrobial agents
in the investigated region were both lower than those of other Chinese
rivers such as the Dongjiang and Zhujiang rivers. This may be attributed
to the population of riverside cities. The sampling sites with high
concentrations of triclosan and triclocarban were mainly located in the

Pajiang and Dayan rivers, suggesting that the inputs from seriously
contaminated tributaries were the predominant pollution sources of
triclosan and triclocarban in the Beijiang River. Based on the worst
scenario, triclosan and triclocarban showed high and medium risks to
aquatic organisms by the indirect approach with concentration con-
version, while they cause medium risks to benthic organisms by the
direct approach. Using either of the RQ calculation methods, medium
risks posed by the antimicrobials can be found in the investigated re-
gion with low population. In general, the ecological risks of these
chemicals in sediment are suggested to be evaluated by the direct ap-
proach, in which the calculation is based on measured concentrations in
sediment and the effects on benthic organisms. The findings obtained in
this study could provide better understanding of the contamination and
risk profiles of triclosan and triclocarban in the sediment environment
of a relative low urbanized region, and the significant data for devel-
oping effective and evidence-based policies by the government.
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