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Benzotriazole UV stabilizers (BUVs) are used in a variety of products to prevent yellowing and degradation. How-
ever, knowledge of the estrogenic activity of BUVs is still lacking. In the present study, a strategy combining
in vitro assays and computational studies was adopted to evaluate the estrogenic activity of BUVs. 2-(2-
Hydroxy-5-methlphenyl) benzotriazole (UV-P), 2-(5-tert-butyl-2-hydroxyphenyl)benzotriazole (UV-PS), and
2-(3-Allyl-2-hydroxy-5-methylphenyl)-2H-benzotriazole (UV-9) induced partial estrogenic activity while 2-
(2-hydroxy-5-tert-octyl-phenyl)benzotriazole (UV-329), 2-(3-s-butyl-5-tert-butyl-2-hydroxyphenyl)benzotri-
azole (UV-350), and 3-(2H-benzotriazolyl)-5- (1,1-di-methylethyl)-4-hydroxy-benzene-propanoic acid octyl
esters (UV-384) showed no estrogenic activity in MVLN assays. The results of in vitro assays were in accord
with the results of computational studies. Moreover, ICI 182,780 suppressed the estrogenic activity of BUVs
both in the absence and presence of E2, demonstrating that the estrogen responsive element (ERE) transcription
EM, Dulbecco's modified Eagle's medium; DMSO, dimethyl sulfoxide; ER, estrogen receptor; ERE, estrogen responsive element;
D, molecular dynamics; MM/GBSA, molecular mechanics generalized born surface area; RMSD, root-mean-square deviation;
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activities of BUVs are generated through an estrogen receptor (ER)mediated pathway. Our findings suggest that
the endocrine disruption effects of BUVs are a cause for concern.

© 2020 Elsevier B.V. All rights reserved.
1. Introduction

UV stabilizers have been widely used in daily commodities and in-
dustrial products to absorb UV radiation and reduce the negative effects
of sunlight exposure (Giokas et al., 2007; Ruan et al., 2012). Benzotri-
azole UV stabilizers (BUVs), namely (2-hydroxyphenyl)benzotriazole
derivatives, are a class of artificial organic additive compounds used in
a diverse range of household and commercial products, including build-
ing materials, polymeric materials, waxes, plastics, paints, and films, to
prevent yellowing and light-induced degradation reactions from sun-
light in the 320–400 nm (UV-A) and 280–320 nm (UV-B) bands
(Carpinteiro et al., 2010; Ruan et al., 2012).

As a consequence of decades of high-volume production and usage,
these chemicals have been released into the environment. Previous
studies have reported the presence of UV stabilizers in sewage treat-
ment plants (Casado et al., 2013; Ruan et al., 2012), surface water (Liu
et al., 2014; Vimalkumar et al., 2018), seawater (García-Guerra et al.,
2016; Montesdeoca-Esponda et al., 2019), and sediments and
suspended particulate matters (Vimalkumar et al., 2018; Wick et al.,
2016) in concentrations ranging fromnanograms per liter (ng/L) tomil-
ligrams per liter (mg/L). Further, previous studies have indicated that
the levels of BUVs in sediments are comparable to the levels of other
synthetic compounds also used as plastics additives, such as
polybrominated diphenyl ethers (Cantwell et al., 2015).

In addition to the presence of BUVs in environmental compartments,
the persistence of BUVs is also concerning. Cantwell et al. (2010) found
that the presence of 2-(3,5-di-tert-amyl-2-hydroxyphenyl)benzotri-
azole (UV-328) in Narragansett Bay's sediment core correlated with
its production dates, providing evidence of the long-term persistence
of BUVs. Ruan et al. (2012) predicted that BUVs would demonstrate
considerable persistence and demonstrated that many BUVs and their
major transformation products persisted beyond a 60-day threshold.
Further, the low aqueous solubility and relatively high KOW characteris-
tics of BUVs increase their potential to accumulate in the lipids of
aquatic organisms (Cantwell et al., 2015). Recent studies have sug-
gested that aquatic organisms can bioaccumulate BUVs from the envi-
ronment (Lu et al., 2016; Vimalkumar et al., 2018). Nakata et al.
(2009) reported the bioconcentration factor of 5-chloro-2-(3,5-di-tert-
butyl-2- hydroxyphenyl)benzotriazole (UV-327) between water and
finless porpoises was estimated to be 33,300, approximately one order
of magnitude higher than that in small fish, indicating BUVs are
bioaccumulative and biomagnificative in marine food chains.

A few types of assays, both in vitro and in vivo, have been developed
to identify and assess the estrogenic activity of benzotriazole. Céspedes
et al. (2004) found that benzotriazole demonstrated weak estrogenic
activity in a recombinant yeast estrogen screen (YES) assay, though
Seeland et al. (2012) reported no estrogenic activity in a YES assay.
Other in vivo studies found benzotriazole to be estrogenic. He et al.
(2012, 2019) proved that benzotraizole exerted significant estrogenic
effects in both male and female scallops and marine medaka after
long-term exposure. The Japanese government has banned the produc-
tion, use, and import of 2-(3,5-di-t-butyl-2-hydroxyphenyl)benzotri-
azole (UV-320) since 2007, due to its persistent, bioaccumulative, and
toxic properties (Nakata et al., 2009). However, in contrast to the
established persistence, bioaccumulative characteristics, and toxicity
of benzotriazoles and UV-320, little data is available on the endocrine
disruption effects of other BUVs. Though BUVs are important derivatives
of benzotriazole, most studies have focused on determining levels of
BUVs in the environment and in organisms by far. Information about
the toxicological and endocrine-disrupting effects of most BUVs is ur-
gently needed. The lack of this datamakes it impossible to accurately as-
sess the risks associated with BUV exposure for humans and other
organisms. Since BUVs share identical components with benzotriazole,
BUVs deserve more scientific and public concern, as they could be
representing an important emerging contaminant. Thus, in the present
study, we focused on six BUVs which have been used in plastics, paints,
adhesives, automobile and aqueous coatings and detected worldwide
(Carpinteiro et al., 2010; Ruan et al., 2012; Apel et al., 2018;
Montesdeoca-Esponda et al., 2019), and comprehensively evaluated
their estrogenic activities using a combination of MVLN assays, molecu-
lar docking calculations, and molecular dynamics (MD) simulations.

2. Materials and methods

2.1. Materials

Chemical structures and abbreviations of the six investigated BUVs
are shown in Fig. 1. Our samples of 2-(2-Hydroxy-5-methlphenyl)
benzotriazole (UV-P, purity 99%), 2-(5-tert-butyl-2-hydroxyphenyl)
benzotriazole (UV-PS, purity 98%), 2-(2-hydroxy-5-tert-octyl-phenyl)
benzotriazole (UV-329, purity 98%), and 2-(3-s-butyl-5-tert-butyl-2-
hydroxyphenyl)benzotriazole (UV-350, purity 97%), were purchased
from TCI (Tokyo, Japan).Our sample of 3-(2H-benzotriazolyl)-5- (1,1-
di-methylethyl)-4-hydroxy-benzene-propanoic acid octyl esters (UV-
384, purity 93%) was purchased from Deltachem (Qingdao, China),
and our samples of 2-(3-Allyl-2-hydroxy-5-methylphenyl)-2H-
benzotriazole (UV-9, purity 99%), 17β-estradiol, E2 (purity 99%) and
the fulvestrant ICI 182,780 (purity 98%) were purchased from Sigma-
Aldrich (St. Louis, MO, USA). All other chemicals were of the best
grade available. The tested chemicals, including E2, and ICI 182,780
were dissolved in dimethyl sulfoxide (DMSO) as 100 mM stock solu-
tions, and all stock solutions were kept at −20 °C.

2.2. Cell cultures

MVLN cells were cultured in 100-mm culture dishes in Dulbecco's
modified Eagle's medium (DMEM) (Cellgro, Manassas, VA, USA), con-
taining 10% fetal bovine serum (Gibco, Grand Island, NY, USA), 100 U/
mL streptomycin–penicillin (Gibco, Grand Island, NY, USA), and 2 mM
L-glutamine (Gibco, Grand Island, NY, USA). Cells were maintained
under a humidified atmosphere of 5% CO2 in a 37 °C incubator (Li
et al., 2014). All the experiments were performed on cells that were in-
cubated for fewer than 12 passages.

2.3. MVLN assay

Our assay experiments were conducted similarly to those in previ-
ous studies (Li et al., 2014; Wang et al., 2012). The MVLN cell line
(kindly provided by J.P. Giesy, Michigan State University, East Lansing,
MI, USA) was derived from estrogen-receptor positive MCF-7BUS
human breast carcinoma cells. The cells were stably transfected with
the luciferase reporter gene placed under the estrogen responsive ele-
ment (ERE) derived from the Xenopus vitellogenin A2 gene (Pons
et al., 1990), in which the firefly luciferase induction mimicked the es-
trogen response.

Before each experiment, theMVLN cells werewashed and starved in
steroid-free DMEM containing 5% dextran-coated charcoal-treated fetal



Fig. 1. Chemical structures, abbreviations, and CAS registry numbers of six benzotriazole UV stabilizers investigated in this study.

Fig. 2. Concentration–response luciferase activity of BUVs in MVLN assays.
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calf serum for 24 h to increase their hormonal sensitivity. The cells were
then trypsinized with 0.25% trypsin without phenol red and seeded in
the interior 60 wells of a 96-well ViewPlate (Packard Instrument Com-
pany, Boston, MA, USA) at a density of approximately 30,000 cells per
well to starve for another 24 h. After a total of 48 h starving time, the
cells were exposed to the test compounds for 48 h. For coexposure as-
says, E2 or ICI 182,780 was added with BUVs simultaneously. At the
end of the exposure, cells were lysed, and luciferase activity was mea-
sured using a Luciferase Reporter Assay kit (Promega, Madison, WI,
USA) according to themanufacturer's protocol. The luminescence signal
was measured using a Varioskan Flash microplate reader (Thermo
Fisher Scientific, Waltham, MA, USA) for 10 s integration time.

The concentration–response luciferase activity of E2 is shown in
Fig. 2. The fitted standard curve shows that themaximum luminescence
signalwas induced by 1 nME2. Thus, each experimentwith E2 (1 nM) as
the positive control and 0.1% DMSO as the vehicle control was per-
formed using at least triplicate incubations, and each BUV was tested
in at least two independent experiments. The maximal luciferase activ-
ity induction of the positive control that was corrected by the vehicle
control was set as 100% relative luciferase activity, and the responses
of BUVs were calculated as a percentage of the maximum luciferase ac-
tivity induction of E2.

2.4. Molecular docking

To explore the binding modes of tested compounds in the ligand
binding pocket (LBP) of the estrogen receptor alpha (ERα) C-terminal
ligand binding domain (LBD), we performedmolecular docking calcula-
tions using the Surflex module of Sybyl-X 1.2 software (Tripos Interna-
tional, St. Louis, MO, USA). The crystal structure of the ERα LBD
complexed with E2 (PDB ID: 1GWR; (Warnmark et al., 2002)) was ob-
tained from the Protein Data Bank (http://www.rcsb.org/pdb/) and
used as the receptor. Typical agonist E2 was treated as a positive control
and 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) was treated as a nega-
tive control (Romkes et al., 1987). Prior to the docking simulations, all
geometric structures of the tested compounds were optimized based
on the standard Tripos force field (energy convergence gradient value
of 0.001 kcal/mol). The Surflex GeomX parameters (Jain, 2007) were
used in the conformational search process. The best bindingmodes of li-
gands were obtained based on a fragment-matching algorithm
throughout the simulation process with the default parameter settings.
In the post-docking analysis, the crash score was selected to indicate in-
appropriate penetration leading to a “jam” state of ligand binding to the

http://www.rcsb.org/pdb/


Fig. 3. Concentration–response luciferase activity generated through the coexposure to
BUVs and 1 nM E2 in MVLN assays.
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ERα LBP. The total scores combining the hydrophobic, polar, entropic,
solvation, and crash scores were used to assess the binding affinity of
tested compounds with ERα. Information on the calculation of binding
free energy was presented in a previous study (Cao et al., 2018). More
computational details are presented in the Supporting Information
(SI), Text S1.

2.5. MD simulations

To estimate the binding stabilities of BUVs in the LBD of ERα, the
docking poses of complexes were further evaluated through the MD
simulations using AMBER12 software. The AMBER14SB force field
(Maier et al., 2015) and general AMBER force field (Wang et al., 2004)
were adopted to construct the topology parameters of complex struc-
tures. AM1-BCC partial charges were assigned for the ligand molecules
using the Antechamber module of AmberTools13 (Roe and Cheatham,
2013). A more detailed description of our MD simulations is presented
in previous studies (Cao et al., 2018; Cao et al., 2019). The last 50 ns
snapshots of trajectories were used to calculate the binding free energy
between ligands and receptors based on the molecular mechanics gen-
eralized born surface area (MM/GBSA) algorithm. Details about the set-
ting of parameters are documented in SI, Text S2.

3. Results and discussion

3.1. Transactivation in MVLN cells

The MVLN assay method was first established in 1990 (Pons et al.,
1990) and has been proven effective for testing the estrogenic/
antiestrogenic activities of various chemicals (Demirpence et al., 1993;
Freyberger and Schmuck, 2005; Li et al., 2014; Li et al., 2013; Preuss
et al., 2010). Before MVLN assay was conducted, the cytotoxicity of
each BUVwas tested. The results indicated that cells exposed to concen-
trations higher than 0.1 mM of UV-P and UV-384 and 50 μM of UV-PS,
UV-9, UV-329, and UV-350 showed significant cytotoxicity (SI,
Fig. S1). Therefore, in vitro assays were conducted in samples below
the cytotoxicity concentrations.

The transactivation results of MVLN exposure to BUVs are shown in
Fig. 2. As shown in Fig. 2, the induction of relative luciferase activity by
UV-329, UV-350, and UV-384 occurred only at the basal level (b 5%),
whereas UV-P, UV-PS, and UV-329 induced luciferase activity in a
dose-related manner, demonstrating their ability to induce ERE-
luciferase activity. UV-PS and UV-329 induced partial estrogenic activ-
ity; in addition, at a concentration of 50 μM, UV-P demonstrated a
higher induction effect than did any other investigated BUV in this
study and reached an estimatedmaximal induction effect of 90.5% com-
pared to that of E2. Further, no anti-estrogenic effect of BUVs was iden-
tified through our MVLN assays. We adopted the EC20 to evaluate the
relative potency of BUVs, as the investigated BUVs did not showhigh lu-
ciferase induction compared with that of E2, and the results of relative
Table 1
Maximum induction and effective concentrations of tested BUVs in MVLN assays.

Compound Maximum induction (%)a EC20 Relative potencyb

E2 100 6.4 pM 1
UV-P 90.5 2.1 μM 3.05 × 10−6

UV-PS 35.6 9.9 μM 0.65 × 10−6

UV-9 20.5 20.0 μM 0.32 × 10−6

UV-329 NDc – –
UV-350 NDc – –
UV-384 NDc – –

ND: not detected.
a Maximum induction effects of tested BUVs expressed as a percentage of that of E2.
b Ratio of EC20 of E2 to that of tested BUVs.
c The maximum relative luciferase activity was b5%.
potency tests based on EC20 would be more reliable than those based
on EC50 (Villeneuve et al., 2000). The calculated results are shown in
Table 1. UV-P (EC20=2.1 μM)had a relative estrogenic potency approx-
imately 10-fold that of UV-9 (EC20 = 20.0 μM). The relative estrogenic
potencies of the BUVs ranked as follows: UV-P N UV-PS N UV-9; the
other tested BUVs showed no estrogenic activity in the MVLN assays.
Fig. 4. Coexposure effects of the tested BUVs with ICI 182,780 and E2 in the MVLN assay.
Cells were coexposed to the estrogen receptor antagonist ICI 182,780 (0.25 μM), 1 nM
E2, and 20 μM BUVs.



Table 2
Surflex docking scores for tested ligands binding in the ERα LBD.

Ligands Total
score

Crash
score

Comments

UV-PS 5.019 −1.807 Binding possible
UV-9 4.995 −2.113 Binding possible
UV-329 4.779 −3.742 Low crash score, binding impossible
UV-P 4.216 −0.559 Binding possible
UV-350 3.419 −5.462 Low crash score, binding impossible
UV-384 −5.267 −15.405 Negative total score, low crash score, binding

impossible
E2 9.02 −0.73 Positive control, strong binding ligand
TCDD −0.88 −2.70 Negative control, do not bind
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3.2. Coexposure with E2 in MVLN assay

Since several BUVs can activate E2-induced ERE-luciferase activity in
MVLN, we coexposed MVLN cells to E2 (1 nM) and one of the BUVs si-
multaneously to determine if the BUVs were able to modify E2-
induced ERE-luciferase activity. The results are shown in Fig. 3. To sim-
plify comparison, relative luciferase activity induced by exposure to
only 1 nM E2 was set as a baseline (100%). The results clearly show
that coexposure to UV-P, UV-PS, and UV-9 with E2 in MVLN assays in-
duced ERE-luciferase activity in a dose-related manner. Coexposure to
UV-P with E2 resulted in the highest luciferase activity at a concentra-
tion of 20 μM, which surprisingly induced activity as high as 360% that
induced by exposure to only E2. Similar phenomena were observed for
UV-PS and UV-9 as well. UV-PS and UV-9 induced 210% and 160% of
the luciferase activity of E2 alone, respectively. Thus, all of these BUVs in-
duced luciferase activity exceeding that themaximal induction by 1 nM
E2. As shown in Fig. 2, 1 nM E2 already induces the highest luciferase ac-
tivity generated by exposure to E2 alone, as increasing the concentration
of E2 does not increase luciferase activity in MVLN cells. This phenome-
non of synergistic effect has been observed in a number of compounds;
however, the underlying mechanism remains obscure, and it is un-
known whether the ER pathway is the sole pathway involved
(Freyberger and Schmuck, 2005). Mercado-Feliciano and Bigsby
(2008) observed that coexposure to some hydroxylated metabolites of
polybrominated diphenyl ethers with E2 induced luciferase activity
above the E2 maximum, which is similar to our results, though they
Fig. 5. RMSD changes of ERα backbone Cα atoms (left panel)
also cannot explain the additional estrogenic effect. UV-329, UV-350,
and UV-384 presented activity at the basal level, demonstrating no syn-
ergistic effect or antiestrogenic activity and indicating that these three
BUVs do not influence the ER signaling pathway.

3.3. Coexposure with ICI 182,780 in MVLN assay

To further study whether BUVs can activate or block ERE-mediated
gene transcription andwhether ER is involved, a strong estrogen antag-
onist ICI 182,780 was employed to block ER in the MVLN cells in this
assay. The anti-estrogen ICI 182,780 showed strong affinity for the ER
and decreased luciferase expression in MVLN cells. Preliminary experi-
ments demonstrated that 0.25 μM ICI 182,780 can completely block lu-
ciferase activity inMVLN cells (SI, Fig. S2). Thus, 0.25 μMICI 182,780was
adopted in two contexts: 1) cells coexposed to ICI 182,780 and 20 μM
BUVs that had no cytotoxicity and induced high luciferase activity;
2) cells coexposed to ICI 182,780 and both 20 μMBUVs and 1 nME2. Ve-
hicle controls of single exposure to ICI 182,780 and single exposure to E2
were performed for comparison. The results are presented in Fig. 4.
Coexposure to BUVs, including UV-P, UV-PS, and UV-329, with ICI
182,780 resulted in remarkably reduced luciferase activity. In addition,
the synergistic effects that appeared in coexposure assays with E2
were also thoroughlymitigated. The values obtained for relative lucifer-
ase activity were negative, indicating that ERs were blocked by ICI
182,780 in the MVLN assays. Further, the reduced luciferase activity
was not significantly different from the activity observed with a single
exposure to ICI 182,780 and coexposure to ICI 182,780 and E2,
confirming that BUVs effected luciferase activity solely through the ER
signaling pathway.

3.4. Computational modeling of interactions between BUVs and ERα

To further probe the binding mechanisms of the tested BUVs in the
active pocket of ERα, the binding affinity of ligands were assessed via
the Surflex docking score. The total and crash score results are listed
in Table 2. Amore positive total score indicates a higher binding affinity
of ligands. In the agonist crystal structures of ERα (1GWR), E2, which
was an endogenic ligand and known as a positive control, obtained a
total score of 9.02 and a crash score of −0.73. On the contrary, TCDD,
as a negative control, obtained a total score of −0.88 and a crash score
of −2.70. These results were consistent those of a previous study (Cao
and ligands (right panel) during 100 ns MD simulations.



Table 3
Ligand-binding free-energy components between tested compounds and ERα (kcal/mol).a

System ΔEvdw ΔEele ΔGGB ΔGSA ΔGcal

E2 −42.27 ± 2.00 −9.63 ± 3.43 19.46 ± 2.09 −5.26 ± 0.13 −37.70 ± 2.27
UV-9 −40.77 ± 2.05 −4.95 ± 1.66 19.09 ± 1.51 −5.37 ± 0.12 −32.00 ± 2.76
UV-P −34.36 ± 1.69 −3.78 ± 2.49 15.75 ± 1.34 −4.45 ± 0.17 −26.85 ± 1.76
UV-PS −40.61 ± 2.02 −4.37 ± 1.47 16.36 ± 1.34 −5.11 ± 0.15 −33.74 ± 2.01

a ΔGcal = ΔEvdw + ΔEele + ΔGGB + ΔGSA.

6 H. Feng et al. / Science of the Total Environment 727 (2020) 138549
et al., 2018) and suggest that the E2 has a strong binding affinity, while
TCDD does not bind to the agonist-bound receptor. Table 2 shows that
the total scores of UV-PS, UV-9, UV-329, UV-P, andUV-350were all pos-
itive in the same ERα agonist conformation, whereas the total score of
UV-384 was−5.267, indicating that binding was not possible. Further,
the crash scores of UV-329 and UV-350 were −3.742 and −5.462, re-
spectively, indicating a high degree of adverse interactionswith the res-
idues of the binding pocket. Thus, similar to the negative control TCDD,
UV-329, UV-350, and UV-384 are all non-binders of ERα. As all of the
BUVs share an identical benzotriazole component, the differing results
may be attributable to the BUVs' diverse hydroxyphenyl structures.
The results suggest that UV-329, UV-350, and UV-384 had no effect on
the luciferase activity in the MVLN assays.

3.5. Investigation of the binding mode of BUVs through MD simulations

To explore the structural features of BUVs binding to the ERα LBP,
MD simulations were performed to assess the ligand binding modes
based on the initial complex structure obtained from the Surflex
docking results (SI, Fig. S3). The stability of the ERα-ligand complexes
for UV-PS, UV-9, UV-Pwere analyzed based on the docking calculations,
and E2 was treated as a positive reference. The root-mean-square devi-
ation (RMSD) values of the backbone Cα atoms of ERα and the ligands
were calculated to evaluate the stability of the simulation system. The
RMSD changes for the backbone Cα indicated that these compounds
could bind in the active pocket of ERα without large conformational
fluctuations (Fig. 5, left panel). The simulation systems reached equilib-
riumat about 50 ns and then showed stable fluctuations throughout the
subsequent simulation time, suggesting that upon ligand binding, ERα
remained stable, without large conformation changes. Nevertheless, as
for the structural changes of ligands, we found that the three com-
pounds have larger RMSD fluctuations compared to the native ligand
E2, indicative of relative unstable binding poses at the binding site
(Fig. 5, right panel), indicating that the selected BUVs were weak-
bonding molecules. To further demonstrate the stability of ligands and
ligand recognitions in ERα LBP, the binding free energies (ΔGcal) of li-
gands were calculated based on the MM/GBSA algorithm (Table 3). As
Table 3 shows, the binding free energies of UV-PS, UV-9, and UV-P
were higher than that of E2, indicating that E2 has more favorable bind-
ing potency than the BUVmolecules. This result agrees with the results
of in vitro assays which indicated that these BUVs have relatively weak
estrogenic potencies. Thus, the results confirmed that UV-PS, UV-9, and
UV-P may be weak binders to ERα as partial agonists from the energy
perspective.

4. Conclusion

In this study, the estrogenic activities of six BUVs were evaluated
through in vitro assays and computational studies. UV-P, UV-PS, and
UV-9 have partial estrogenic activity. The induction and synergistic ef-
fects of BUVs coexposure with E2 cannot be neglected and
underestimated. Although the underlyingmechanism of the synergistic
effect remains unclear, our results indicate that BUVs induce luciferase
activities through the ER signaling pathway. BUVs should receive in-
creased scientific and public attention, as despite their wide usage,
data on their toxicity is almost completely lacking. Thus, assessments
of their risks to organisms are not currently feasible. Further, the struc-
tural features that contribute to the estrogenicity of BUVs and their an-
alogues must be adequately investigated to elucidate the structure-
activity relationship. The potential endocrine disruption caused by
BUVs, including their ER transactivation activity, should be considered
in future environmental risk assessments of BUVs.
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