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(1) Development of Environmental Monitoring and Simulation Methods for Human Pharmaceuticals in
Japanese River Water

To assess the environmental impact of human medicines, development of environmental fate
prediction method in the rivers are necessary. Therefore, we have conducted a monitoring survey
of pharmaceuticals in Japanese water environment. Further, we also evaluated a chemical fate
prediction model and applied human pharmaceuticals.

Regarding the environmental monitoring development, we selected 111 pharmaceuticals as target
compounds, and then we have developed a simultaneous analysis method of the 111 pharmaceuticals
in water samples by liquid chromatography — tandem mass spectrometry (LC/MS/MS). Then, we have
conducted environmental monitoring of human pharmaceuticals in Japanese River Water. The sample
preparation method, LC/MS/MS analytical conditions were developed and optimized in the present
study. We have collected 700 river water samples during 2018 to 2022, then analyzed by the method
As a result of the environmental monitoring, we have detected 91 pharmaceuticals in the river
water samples.

Regarding the evaluation of environmental fate prediction model, the concentrations of several
pharmaceuticals in Japanese major rivers were calculated using a watershed model (AIST-SHANEL).
Then, we compared the estimated concentrations of the human pharmaceuticals with the
concentrations measured in this study. Further, we examined the parameters that is significant
for the calculation results. The results obtained from the model can be applied to ecological

risk assessments of pharmaceuticals of high loading flux to the rivers.

(2) Study on efficient testing strategy and ecotoxicity tests on selected human pharmaceuticals

Based on the discussion with the project leader and other subproject members, we selected 28
human pharmaceuticals with relatively high detection frequency from river water samples reported
by the monitoring subproject for filling the gap of the ecotoxicity data to enhance the ecotoxicity
database for pharmaceuticals. We mainly used two chronic tests, algal growth inhibition test
(OECD test guideline No. 201) using Raphidocelis subcapitata, Ceriodaphnia dubia reproduction
test (analogue of OECD test guideline No. 211 with Daphnia magna), and a sub—chronic fish toxicity
test with zebrafish embryo and sac fry test (OECD test guideline No. 212). The selected
pharmaceuticals included four antihypertensive drugs, an antispasmodic drug eperisone, an
antiplatelet drug ticlopidine, iodinated X-ray contrast agents iopamidol and iohexol,
antimicrobials such as roxithromycin and sulfamonomethoxine, an insect repellant DEET, and an
artificial sweetener sucralose. Whereas iopamidol, iohexol, and sucralose were found to be
nontoxic to all three organisms even at the highest tested concentrations (above solubility limit,

100 mg/L or higher), eperisone and ticlopidine were relatively toxic with no effect concentration
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at lower than 0.1 mg/L for both alga and daphnid. In addition, macrolide antibiotic roxithromycin
was highly toxic to alga with NOEC of lower than 1 pg/L but this concentration is much higher

than the highest detected concentrations.

(3) Construction of a Holistic Model for Human Medicine Environmental Risk Assessment

Using data of publicly available information including environmental risk assessment reports
by regulatory agencies, peer-reviewed journals, safety data sheets etc., a database consisting
of 4314 studies of 598 human pharmaceuticals was constructed. This database that can be installed
on QSAR Toolbox facilitates data sharing and supports risk assessments.

The toxicity endpoint, NOEC (chronic toxicity), was predicted with two ecotoxicity QSAR models
KAshinhou Tool for Ecotoxicity 2020 version 1.1 (KATE) and ECOSAR version 1.11 (ECOSAR). Studies
with appropriate study designs were selected, and applicability of the relevant pharmaceuticals
to the QSAR models was scrutinized. As a result, 120 of 253 pharmaceuticals were applicable to
one or more QSAR models. The QSAR evaluations of acute and chronic algal toxicity with KATE or
ECOSAR were feasible with high concordance of the predicted/measured rates (0.01 - 100), which
were 79.1% (KATE) and 92.9% (ECOSAR) of substances, suggesting that toxicity endpoints were
adequately predicted for most query substances. The numbers of pharmaceuticals with
prediction/measure rate of >100, leading to significant underestimation of the risk, was very
small. Case studies based on different concordance rates among chemical classes in the KATE QSAR
model suggested necessity of attention to not only the query substance but also reference
substances that were used to construct the model and structurally similar analogues. Scrutinizing
these substances could improve the credibility of the QSAR results. For pharmaceuticals that had
particular pharmacological mechanisms and were not suitable to the QSAR evaluation, a read—across
approach was considered. In a case study in the macrolide category, NOEC of erythromycin was
accurately predicted with measured NOEC of the analogue, roxithromycin.

Based on these findings, a workflow model of algal chronic toxicity in which QSAR and category

approach were combined was proposed.



