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Introduction

Organic UV filters are widely used in sunscreens and personal care products to protect
against UVA and UVB radiation. Their extensive use has led to continuous releases
into aquatic environments through recreational activities and wastewater discharges.
Consequently, these compounds are increasingly recognized as emerging
contaminants due to their persistence, endocrine-disrupting properties, and potential
for bioaccumulation in aquatic organisms. Among them, benzophenone-3 (BP-3) is
one of the most frequently detected UV filters in surface waters, while its major
metabolites, benzophenone-1 (BP-1) and 4-hydroxybenzophenone (4HBP), have also
been identified in environmental and biological samples. Previous investigations in
Romanian surface waters confirmed the presence of BP-3 and several hydroxylated
metabolites, underscoring the need for ecotoxicological assessment.

The present study aimed to evaluate the acute toxicity of BP-3 and its major
metabolites (BP-1 and 4HBP) in Cyprinus carpio according to OECD Test Guideline
203 and to provide the basis for selecting environmentally relevant concentrations for
subsequent bioaccumulation experiments (Figure 1).

Materials and methods

Juvenile common carp (Cyprinus carpio, 8—12 g) were acclimatized under laboratory
conditions before testing. Acute toxicity tests were conducted in accordance with
OECD Test Guideline 203, using a static exposure design for 96 h. Fish were exposed
in 10 L glass aquaria containing 5 L of test solution. Five fish were used per
concentration, along with a control group.

Nominal exposure concentrations were 1, 10, 25, and 50 mg/L for BP-3 and 4HBP,
while BP-1 was tested at 1, 10, and 25 mg/L. Test solutions were prepared from
ethanol stock solutions, the final ethanol concentration being maintained below 1% in
all experimental aquaria. Water quality parameters (temperature, dissolved oxygen,
pH, and conductivity) were monitored throughout the experiments. Mortality and
behavioral changes were recorded every 24 h.

Concentrations of BP-3 and its metabolites in water and biological samples were
determined using a validated LC-MS/MS method operating in multiple reaction
monitoring (MRM) mode. Biological samples were extracted by ultrasound-assisted
extraction followed by clean-up before instrumental analysis.
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Results and conclusions

No mortality or abnormal behavior was observed in the control group, confirming the
validity of the experiments. Behavioral alterations, including hyperactivity,
occasional swimming disturbances, and increased opercular movements, appeared at
concentrations of 25 mg/L and above.

The estimated 96 h LCso values were 18.45 mg/L for BP-3, 17.5 mg/L for BP-1, and
19.0 mg/L for 4HBP, indicating comparable acute toxicity among the investigated
compounds. Exposure to 50 mg/L produced 100% mortality within a few hours for all
tested substances, whereas complete mortality for BP-1 occurred within 24 h at 25
mg/L. In contrast, exposure to 25 mg/L 4HBP caused only 20% mortality after 96 h,
suggesting differences in toxicity dynamics despite similar LCso values.

Based on the LCso values and environmental occurrence data, a concentration of 0.1
mg/L BP-3 was selected for subsequent bioaccumulation experiments, representing a
sublethal exposure suitable for evaluating uptake and metabolization in fish organs.
Overall, the study demonstrates that BP-3 and its major metabolites exert measurable
acute toxic effects on freshwater fish at relatively low concentrations and elicit
behavioral responses before mortality. These findings support the inclusion of UV
filters among contaminants of emerging concern and provide an experimental basis
for further investigations on bioaccumulation, biotransformation, and ecological risk
assessment in aquatic ecosystems.
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Figure 1 - Environmental pathway and acute toxicity of BP-3 and its metabolites in Cyprinus carpio.
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