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Abstract: Despite the widespread application of antiandrogenic fluorescent dye synthetic
coumarins in both industrial and consumer products, little is known about their occurrence in the
aquatic ecosystem. In this study, concentrations of two synthetic coumarins, namely 7-
(dimethylamino)-4-methylcoumarin (DACM) and 7-diethylamino-4-methylcoumarin (R-ADMC),
were determined in abiotic (water, sediment) and biotic (plant, plankton and fish) samples (n=208)
collected from a subtropical freshwater ecosystem, Dongjiang River basin, in southern China.
DACM was the predominant compound found in the sediment, plant, algae, zooplankton, and fish
muscle samples, with median concentrations at 0.189, 0.421, 0.832, 0.798, and 0.335 ng/g dry wt.,
respectively, although it was not detected in any surface water sample. For R-ADMC, the median
concentrations observed in the surface water, sediment, plant, algae, zooplankton, and fish muscle
samples were 0.105 ng/L, 0.012, 0.051, 0.009, 0.008, and 0.181 ng/g, dry wt., respectively. The
bioaccumulation factor (BAF) values of DACM and R-ADMC in the algae, zooplankton and fish
muscle exceeded 5000 L/kg, suggesting that the two coumarins may have significant
bioaccumulation potentials in aquatic biota. Additionally, the mean daily intake (EDI) of coumarins
through fish consumption was estimated as 0.27 ng/kg bw/day for toddlers in urban. This is the first
field study to document widespread occurrence of the synthetic coumarins in aquatic ecosystems
and to elucidate bioaccumulation potential of coumarins in aquatic organisms.

Keywords: coumarins; environmental occurrence; aquatic ecosystem; bioaccumulation; human
exposure

1. Introduction

Coumarin derivatives have been found in a variety of natural sources such as tonka beans,
liquorice, and cassia cinnamon [1]. These chemicals have been used in a broad array of consumer
products including air fresheners due to the olfactory properties [2]. Besides, derivatives of coumarin
have often been synthesized to meet specific purposes. For example, 7-aminocoumarins, substituted
at position 7 with an electron donating group, exhibit strong fluorescence and found a broad range
of applications in various industrial and consumer products including dyes, optical brighteners, and
fluorescent probes [3]. However, 7-diethylamino-4-methylcoumarin (R-ADMC), one of the 7-
aminocoumarins, has demonstrated the antiandrogenic potential in both in vitro and in vivo studies
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[4,5]. Due to the structural similarity, 7-(dimethylamino)-4-methylcoumarin (sublimation purified)
(DACM) might also be a potent antiandrogenic compound.

A recent study has illustrated that wastewater treatment is continuously discharging R-ADMC
and its transformers in the grams per day range into the Holtemme River, Germany, and the exposure
concentrations of R-ADMC are in the low micrograms per liter range in the downstream of the river
[6]. However, little information is known regarding the occurrence, distribution and bioaccumulation
of these chemicals in the aquatic ecosystem in China. In this work, we collected both abiotic (water
and sediment) and biota (plants, plankton and fish) samples from Dongjiang River basin in southern
China. By analyzing the two coumarins, R-ADMC and DACM, this work was purposed to: (1)
determine the exposure levels of R-ADMC and DACM in the abiotic and biotic samples in the
freshwater ecosystem; (2) compare bioaccumulation potentials of coumarins in the plant, plankton
and fish; (3) estimate the potential dietary exposure doses of human exposure to coumarins through
fish consumption.

2. Materials and Methods
2.1. Standards and Reagents

Two target analytes, 7-(dimethylamino)-4-methylcoumarin (sublimation purified) (DACM) and
7-diethylamino-4-methylcoumarin (sublimation purified) (R-ADMC), were analyzed in this study.
Information regarding the physicochemical properties of the target compounds is shown in Table S1.
Internal standard linuron-ds was purchased from TRC (North York, Canada). DACM and R-ADMC
were purchased from TCI (Shanghai, China). Purities of chemicals were greater than 97%. All the
organic solvents used in the protocol were of HPLC-grade from Fisher Scientific (Massachusetts,
USA). The Milli-Q water was generated using the Milli-Q system (Elga Veolia, High Wycombe, UK).

2.2. Sample Collection

Detailed information regarding sample collection has been well documented in earlier studies
[7,8]. Briefly, a total of 208 samples, including 51 surface water samples, 32 sediment samples, and
123 biological samples (8 algae, 14 aquatic plants, 12 zooplankton, and 89 fish species), were collected
during October to November 2020 from the Dongjiang (D]) River as well as its tributaries including
Xizhijiang (XZ]) River, Shima (SM) River, and Lijiang (L]J) River. All the biological samples were from
the DJ River and transported to the laboratory on dry ice once collection. Prior to analysis, water
samples were preserved at 4°C, while other samples were kept at -20°C.

A total of 89 fish muscle samples originated from 28 species of freshwater fish were collected,
including: Coptodon zillii, Ctenogobius giurinus, Zacco platypus, Mastacembelus aculeatus,
Vanmanenia pingchowensis, Hemicculter leucisculus, Channa argus, Culter alburnus,
Acrossocheilus parallens, Squalidus argentatus, Oreochromis niloticus, Acrossocheilus beijiangensis,
Pseudogobio vaillanti, Cyprinus carpio, Rhinogobius giurinus, Gastromyzoninae sp., Cirrhinus
molitorella, Xenocypris argentea, Hypostomus plecostomus, Opsariichthys bidens, Vanmanenia
stenosoma, Rhodeus sinensis, Eleotris oxycephala, Acheilognathus macropterus, Sarcocheilichthys
nigripinnis, Carassius auratus, Squaliobarbus curriculus, and Puntius semifasciolatus. A total of 14
stem leaves, representing 7 species of herbaceous aquatic plants, were collected. The species of plants
analyzed were Cyperus rotundus L. Water hyacinth, Miscanthus sinensis anderss, Panicum
bisulcatum thunb, Wedelia trilobata, Celastrus orbiculatus, and Ludwigia octovalvis.

2.3. Sample Preparation

Surface Water. The protocol used for the surface water pretreatment was the same as those
reported in earlier studies [9-11]. Briefly, one liter of surface water was purified with the Oasis MCX®
SPE cartridges (500 mg, 6 ml). Firstly, glass fiber filter paper (1.2 um x 55 mm, Whatman, Metstone,
UK) was used to filter the particulate matter. Then 10 ng of Linuron-d¢ was added to the filtered
water. Next, the SPE cartridge was cleaned with 6 ml of methanol and conditioned with 6 ml of milli-
Q water. Afterwards, the filtered water passed through the SPE cartridge at a constant flow rate (5
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mL/min) and dried under vacuum for 30 min. Then, the SPE extraction cartridge was eluted with 3
mL of methanol and 6 mL of acetonitrile. The extracts were combined and concentrated in a gentle
stream of nitrogen. Five hundred microliter of methanol was used as reconstitution solvent and a
0.22 pm glass fiber filter (Shanghai Xinya Purification Equipment Co., Ltd., Shanghai, China) was
used prior to instrumental analysis.

Sediment. Detailed information about the sediment extraction protocol has been described
elsewhere [12,13]. Briefly, 80 mg of the freeze-dried sediment was accurately weighed and transferred
to a 15 mL polypropylene (PP) tube to which 10 ng of Linuron-d¢ had been added. Subsequently,
target compounds in the sample were extracted using 5 mL of methanol:water mixture (5:3, v/v). For
the extraction, the sample was shaken for 60 min and then sonicated for 30 min. Then, the sample
was centrifuged at 5000 rpm and the supernatant was separated and transferred to another clean 15
mL PP tube. This step was repeated twice, and the extracts were combined and concentrated to 3 ml
under a gentle stream of nitrogen. Then, 10 mL of ultrapure water containing 0.2% formic acid (v/v)
was added to the extracts and purified using an Oasis MCX®SPE cartridge (500 mg, 6 mL). During
the purification process, the cartridge was cleaned with 3 ml of methanol and 6 ml of acetonitrile and
then conditioned with 10 ml of aqueous solution containing 0.2% formic acid. To ensure the
cleanliness of the cartridge, 10 mL of ultrapure water containing 0.2% formic acid was used to clean
the cartridge. After the cleaning was completed, the cartridge was dried under vacuum. Afterwards,
the target compounds were eluted from the cartridge by 9 ml of methanol, and the eluate was
concentrated to nearly dryness. Then, approximately 500 uL of methanol was used for reconstitution.
A 0.22 um filter paper was used to remove particles prior to instrumental analysis.

Aquatic biota. Detailed information regarding the analytical protocol of aquatic biota samples has
been described elsewhere [14,15]. Firstly, lyophilized samples (algae, plant, zooplankton, and fish
muscle samples) were pulverized and homogenized. Then, 50 mg of the sample was added to a 15
mL PP tube along with 10 uL of Linuron-ds (1.0 mg/L). Next, the sample was extracted with 5 mL of
acetone and 2 ml of methanol:acetonitrile mixture (1:1, v/v), respectively. After centrifugation at 5000
x g for 15 min, the supernatants were combined and concentrated to nearly dryness in a mild nitrogen
stream. For the reconstitution, a mixture of 500 UL of methanol:acetonitrile:water (3:3:4,v/v/v) was
used and the extract was centrifuged at 5000 x g for 5 min prior to instrumental analysis.

2.4. Instrumental Analysis

Target analytes were determined in positive ion multiple reaction monitoring (MRM) mode
using an ultra-high performance liquid chromatography interfaced with a tandem QTRAP 5500
(UPLC, SCIEX Technologies) triple quadrupole mass spectrometer (MS/MS, Agilent 1260). Detailed
information regarding the MRM transitions and other associated mass spectrometry parameters is
provided in Table S2 in the supporting information. The ion source parameters were listed as follows:
ionization voltage, 4500 V; curtain gas, 15 psi; spray gas, 55 psi; collision gas, 7 psi; auxiliary heated
gas, 55 psi; ionization temperature, 500 °C. An Acquity UPLC HSS T3 column (1.8 pum, 2.1 mm x 100
mm, Waters) was used for the separation, with the column temperature at 40 °C. Mobile phases were
water containing 0.1% formic acid (phase A) and methanol (phase B). Information on the gradient
flow is provided in Table S3 in the supporting information.

2.5. Quality Control and Quality Assurance

The quantification of coumarin in the samples was carried out with an internal standard method
based on the response values of linuron-ds. A 10-point calibration curve with a regression coefficient
(r) > 0.99 was established for the target compounds over the concentration range of 0.01 ~ 10 ng/ml.
In this work, the limit of quantification (LOQ) was calculated as 10 times the signal-to-noise ratio
(S/N), which ranged from 0.003 and 0.006 ng/L for surface water, from 0.001 to 0.035 ng/g dry wt. for
sediment, from 0.001 to 0.054 ng/g dry wt. for plants, from 0.002 to 0.174 ng/g dry wt for plankton,
and from 0.008 to 0.041 ng/g dry wt. for fish muscle (Table 1).

To monitor contamination arise from the glassware and reagents used in the analytical protocol,
instrumental and procedural blanks were prepared within each batch of samples analyzed. In this
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study, the target analytes were not detected in any blank samples. The pre-extraction matrix spikes,
pre-extraction matrix spike duplicates, and post-extraction matrix spikes were analyzed to determine
the accuracy, recovery, and precision of the analytical protocol by fortifying 10 ng of each target
analyte and passing them through the analytical method. Absolute recoveries of the two target
analytes for each sample type were shown as follows: 63.0% in surface water; 50.6% to 68.3% in
sediment; 94.1% to 98.0% in fish muscle; 93.5% to 95.0% in aquatic biota (plants, algae, and
zooplankton).

Table 1. Concentrations of 7-(dimethylamino)-4-methylcoumarin (sublimation purified) (DACM)
and 7-diethylamino-4-methylcoumarin (sublimation purified) (R-ADMC) in the surface water,
sediment, aquatic plants, algae, zooplankton and fish in the Dongjiang River basin, south China.

DR2 median mean STDp? max
surface water
DACM -C - - - -
R-ADMC 31.40% 0.105 0.12 0.097 0.309
sediment
DACM 37.5% 0.189 0.247 0.202 0.668
R-ADMC 59.4% 0.012 0.038 0.053 0.173
plant
DACM 14.29% 0.421 0.421 0.509 0.781
R-ADMC 14.29% 0.051 0.051 0.064 0.096
algae
DACM 75.00% 0.832 0.804 0.609 1.517
R-ADMC 62.50% 0.009 0.015 0.012 0.031
zooplankton
DACM 58.33% 0.798 0.802 0.620 1.712
R-ADMC 58.33% 0.008 0.023 0.042 0.118
fish muscle
DACM 30.30% 0.335 0.467 0.369 1.574
R-ADMC 50.60% 0.181 0.230 0.135 0.842

“

2DR refers to detection rate (%);? STD refers to standard deviation; c
detected.

indicated that none of samples were

2.6. Bioaccumulation Capacity Estimation

The bioaccumulation factor (BAF) was used to evaluate the bioaccumulation potential of
analytes in aquatic organisms, which was calculated by the following equation [16,17]. Generally,
BCFs > 5000 are considered as “highly bioaccumulative”, > 2000 considered as “bioaccumulative”,
and > 1000 considered to have significant bioaccumulation potential.

BAF _ CFish/Zooplanktun/Algue x 1000 (1)

Total

where C C,, e and C represent the average concentration of the target analyte

Fish 7 CZUoplunktnn 4 Total

in fish, zooplankton, algae, and the bulk water, respectively. Notably, for the calculation of BAFs in
fish muscle and other biological samples, dry weight normalized concentrations were used.

2.7. Human Exposure Risk Estimation

Freshwater fish has been an important dietary source for people living along the DJ River. To
estimate the level of exposure to coumarin from fish intake by humans, the estimated dietary intake
(EDI) was calculated using the following equation:

C,,xDC
EDI=—8""= (3
BW
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where C, = refers to the concentration of the target compounds in fish muscle (ng/g), DC represents

the daily fish consumption rate (g/day), and BW represents the body weight (kg). For C,  , average

and high exposure scenarios are evaluated based on mean and 95th percentile concentrations,
respectively. The values of DC were obtained from the Nutrition Data Yearbook of the Chinese
Centre for Disease Control and Prevention [18]. The BW data of various age groups were obtained
from the Chinese Population Exposure Parameters Manual [19](Table S4). In this work, an 80%
moisture content value was used to convert dry weight-based concentrations to wet weight-based
concentrations [20,21].

Further, the Hazard Quotient (HQ) was employed to assess the health risk of human beings
exposed to these chemicals through fish ingestion, and the HQ was calculated with the following
equation:

HO=“20 @)

ADI
where ADI refers to the acceptable daily intake (ADI); HQ >1 indicates a potential health risk. Based
on the data from the European Food Safety Authority, the ADI for coumarin is less than 0.07 mg/kg
bw/day [22,23].

2.8. Statistical Analysis

Peak integration and quantification were performed using Sciex OS software version 2.2.0.5738
(Applied Biosystems, Foster City, CA). Statistical analyses were performed using Microsoft Excel
2016 and SPSS version 27.0. To facilitate the calculation of basic descriptive statistics, those values
below the LOQ were replaced with LOQ/2. The data normality was investigated using the
Kolmogorov-Smirnov test. One-way ANOVA was used to assess the differences between groups of
data following normal distribution; otherwise, the Mann-Whitney U test was used. Pearson
correlation coefficient test was used for investigating the correlation between groups of data when
the data were distributed normally; otherwise, the Spearman rank correlation coefficient was used.
Statistical significance was determined at a significance level of p<0.05.

3. Results and Discussions
3.1. Coumarin and the Metabolite in Abiotic Samples

Surface water. DACM was not detected in any water samples, however, R-ADMC was detected
in all samples except those from L] River, in which the detection rate (DR) is 31.4%. The median
concentration of R-ADMC was 0.105 ng/L, with the highest concentration found at 0.309 ng/L in XZ]J
River (Table 1), which is around three orders of magnitude lower than that measured in the effluent
of the Silstedt Wastewater Treatment Plant (0.5 ug/L) [2]. However, in an earlier study performed in
2003, R-ADMC was not observed in the surface waters in northern Italy [24].

Sediment. DACM was detected in 12 samples with a DR of 37.5%; R-ADMC was detected in 19
samples with a DR of 59.4% (Table 1). The highest and median concentrations of DACM were 0.668
and 0.189 ng/g dry wt., respectively; the highest and median concentrations of R-ADMC were 0.173
and 0.012 ng/g dry wt., respectively.

3.2. Coumarin and the Metabolite in Aquatic Biota

Plant. Both DACM and R-ADMC were detected in 14.3% of plant samples (Table 1). Median
concentrations of DACM and R-ADMC in plant samples were 0.421 and 0.051 ng/g dry wt,,
respectively. The highest concentration of DACM was found in xx at 0.781 ng/g dry wt., and the
highest concentration of R-ADMC was observed in xx at 0.096 ng/g dry wt.

Alage. DACM and R-ADMC were found in the algae samples with DRs being 75% and 62.5%,
respectively (Table 1). Median concentrations of DACM and R-ADMC in algae samples were 0.832
and 0.009 ng/g dry wt., respectively. The highest concentration of DACM was found in xx at 1.517
ng/g dry wt., and the highest concentration of R-ADMC was observed in xx at 0.031 ng/g dry wt.
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Zooplankton. Both DACM and R-ADMC were detected in 58.3% of zooplankton samples (Table
1). Median concentrations of DACM and R-ADMC were 0.798 and 0.008 ng/g dry wt., respectively.
The highest concentration of DACM was found in xx at 1.712 ng/g dry wt.,, and the highest
concentration of R-ADMC was observed in xx at 0.118 ng/g dry wt.

Fish. DACM and R-ADMC were found in fish muscle with DRs being 30.3% and 50.6%,
respectively (Table 1). Median concentrations of DACM and R-ADMC were 0.335 and 0.181 ng/g dry
wt., respectively. The highest concentration of DACM was found in Zacco platypus at 1.574 ng/g dry
wt., and the highest concentration of R-ADMC was observed in Coptodon zillii at 0.842 ng/g dry wt.

Overall, notable concentrations of DACM and its isomer R-ADMC were observed in the aquatic
biotic samples analyzed in this study. Specifically, as shown in Figure 1A, DACM is the predominant
chemical found in the aquatic biota, contributing to over 97% total concentrations observed in the
plant, algae, and zooplankton samples, while in fish muscle, the contributing percent ratio was 65%.
We further compared the concentrations of the two chemicals in different types of samples, and the
results were shown in Figure 1B. For DACM, the concentrations in the algae, zooplankton and fish
muscle samples were significantly higher than those observed in the plant samples. And the
concentrations of DACM in the fish muscle were significantly lower than those found in the algae
and zooplankton samples. However, for R-ADMC, the concentrations in the fish muscle were
significantly higher than those detected in the plant, algae, and zooplankton samples.

Plant Algae [ | Zooplankton Fish

100 1% 1%

3% DACM

2.2 [—"—| R-ADMC

2-0 ] e ek
s 1.8+ 9 80+
S1.6- ‘ 8
2141 S 60
=1.24 aar o a
E oy I c 99% 9% 7% o
£10 e S
€084 — @ : H 40:1
3 -
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©0.4- || J 2 8 20 -

0.2 t . | 3 =

0.0 - -

0 4%
DACM R-ADMC Plant Algae  Zooplankton  Fish
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Figure 1. Concentrations of 7-(dimethylamino)-4-methylcoumarin (sublimation purified) (DACM)
and 7-diethylamino-4-methylcoumarin (sublimation purified) (R-ADMC) in plants, algae,
zooplankton and fish (dry weight basis) (A) and compositional profiles of the coumarins in plants,
algae, zooplankton and fish (B). Spearman rank correlation coefficients were calculated using
logarithmic transformed concentrations; only those samples with both chemicals detected were used
in the analysis (**: p <0.001, **: p <0.01, *: p < 0.05).

3.3. Bioaccumulation of Coumarins in Aquatic Biota

To further explore the bioconcentration capacity of coumarins in aquatic organisms, logBAF
(L/kg) was calculated for algae, zooplankton, and fish based on the mean concentrations of these
substances. Notably, the dry weight normalized concentrations were used in the calculation, which
might lead to an overestimate of the actual values, while fish muscle-based concentrations may
underestimate the real values. Thus, BAF values calculated in this study can be considered as rough
estimates. BAF values between 2000 and 5000 (3.3<logBAF<3.7) were considered “bioaccumulative”,
while BAF values above 5000 (logBAF>3.7) were considered “very bioaccumulative”. In both algae
and zooplankton, the logBAFs of DACM (9.41and 11.2 L/kg, respectively) were higher than those
calculated for R-ADMC (5.04 and 6.59 L/kg, respectively). In fish, the logBAF of DACM (8.52 L/kg)
was lower than that of R-ADMC (9.83 L/kg) (Figure 2). Overall, the logBAF values of both coumarins
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in all types of aquatic organisms were higher than 3.7, indicating that both DACM and R-ADMC are
readily bio accumulative in aquatic biota.

|DACM R-ADMC

logBAF(L/kg dw)
-]
1

Algae Fish Zooplankton

Figure 2. LogBAF values for 7-(dimethylamino)-4-methylcoumarin (sublimation purified) (DACM)
and 7-diethylamino-4-methylcoumarin (sublimation purified) (R-ADMC) in algae, fish and
zooplankton. The horizontal line in the box plot denotes the median and the small square in the box
plot indicates the mean. It should be noted that logBAFs were calculated on the basis of dry weight
normalized concentrations.

3.4. Estimated Daily Intake of Coumarins through Fish Ingestion

To calculate the EDI more precisely, we divided the population into two broad categories, urban
and rural, and on this basis further divided each group into three subgroups: young children (2-5
years), children and teenagers (6-17 years), and adults (=18 years). Daily fish intake amount was
obtained from the Chinese Center for Disease Control and Prevention (CDC) Nutrition Data
Yearbook. It needs to note that wet weight-based concentrations were estimated from dry weight-
based concentrations when performing EDI calculations. The estimated daily intakes of coumarins
for different groups in China are presented in Table 2. It was observed that urban toddlers had the
highest mean and 95th percentile of daily intake of DACM (0.14 and 0.78 ng/kg bw/day, respectively),
followed by urban children and teenagers (0.08 and 0.44, respectively), urban adults (0.07 and 0.36,
respectively), rural young children (0.05 and 0.26, respectively), and rural adults (0.04 and 0.19,
respectively). The daily intake of R-ADMC had the same distribution pattern as that of DACM, with
the highest mean and 95th percentile daily intake of 0.13 and 0.41 ng/kg bw/day, respectively, among
urban toddlers, followed by urban children and adolescents (0.07 and 0.23, respectively), and urban
adults (0.06 and 0.19, respectively), rural young children (0.04 and 0.13, respectively) and rural adults
(0.03 and 0.10, respectively). The mean and 95th percentiles of the EDI were higher for urban residents
than for rural residents in all age groups. No significant difference between the exposure doses of
DACM and R-ADMC was observed at average exposure levels. However, at high exposure levels,
exposure dose of DACM was about twice higher than that of R-ADMC in all age groups.

To further assess the risk of human exposure to coumarins from fish intake, HQ values were
calculated. The results showed that the HQs for both DACM and R-ADMC were less than 1, ranging
from 4.33E-08 to 1.11E-06 and 3.86E-08 to 5.79E-07, respectively. Therefore, oral intake of freshwater
fish from the Dongjiang River by residents does not pose a significant risk for coumarin exposure.

Table 2. Estimated daily intakes (EDI ng/kg bw/day) of 7-(dimethylamino)-4-methylcoumarin
(sublimation purified) (DACM) and 7-diethylamino-4-methylcoumarin (sublimation purified) (R-
ADMC) in different groups of population in south China.*

DACM R-ADMC

Mean
Toddlers (2-5 years) urban 0.14 0.13
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8
rural 0.05 0.04
Children & Teenagers (6-17 years) liiz? 882 88;
Adults (=18 years) if;i? 882 882

95th percentile

Toddlers (2-5 years) ifi’i? 8;2 8411:1),
Children & Teenagers (6-17 years) ‘ﬁi? 8411461 832
Adults (218 years) Iﬁ? 8?8 812

2 The concentration of coumarins in fish were calculated on the wet weight basis.

4. Conclusion

In this paper, concentrations of two coumarins were measured, for the first time, in both abiotic
(water and sediment) and biotic (plankton, plant and fish) samples collected from a freshwater
ecosystem. Among the matrices analyzed, different distribution patterns were observed for the two
coumarins. DACM was not detected in the surface water, however, it was detected in around 40%
sediment samples with the highest concentration being 0.668 ng/g dry wt. Higher concentration of R-
ADMC was observed in surface water than sediment samples, suggesting that R-ADMC are readily
distributed in water. Coumarins were also detected in biological samples, with algae and
zooplankton samples showing higher concentrations than fish for DACM, and for R-ADMC, the
highest concentration was observed in the fish muscle samples. We calculated bioconcentration
factors (BAFs) for the target compounds, and the results indicate potential bioaccumulation
properties for aquatic organisms. Externally, we assessed the potential human exposure risk of
coumarins through consumption of freshwater fish, both posing negligible risk.

Supplementary Materials: The following supporting information can be downloaded at the website of this
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transition and mass spectrometric parameters of coumarins; Table 53: Major parameters for the gradient flow
used in the separation of coumarins; Table S4: Quality assurance/quality control (QA/QC) information of
coumarins in each matrix.
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