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The Knowledge—Practice Gap in Green Toxicology and Environmentally
Responsible Behaviors Related to Pharmaceutical and Herbal Product

Use among Syrian Consumers: A Cross—Sectional Study

Abstract

Background: Green Toxicology has emerged as a multidisciplinary
framework that integrates green chemistry, predictive toxicology, and
environmental sustainability to design pharmaceutical products that are safer
for both humans and the environment. Despite rapid scientific advances in
this field, little is known about consumers' awareness of Green Toxicology,
perceptions of herbal medicine safety, and environmentally responsible

medication—use behaviors, particularly in low— and middle-income countries.

Objective: This study aimed to assess consumers' awareness of Green
Toxicology, perceptions of herbal medicine safety, medication use and
disposal practices, and their views regarding the pharmacist's role in

promoting pharmaceutical sustainability and environmental health.

Methods: A cross—sectional questionnaire-based survey was conducted
among Syrian consumers. The questionnaire comprised four domains:
awareness of Green Toxicology, perceptions of herbal medicine safety,
environmentally related medication disposal practices, and perceptions of the
pharmacist's role. Data were analyzed using descriptive statistics, correlation
analyses, group comparisons, and multivariable logistic regression to identify
factors associated with environmentally responsible behaviors.
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Results: Awareness of Green Toxicology as a scientific concept was
generally low despite the high educational level of most participants.
Conversely, respondents demonstrated substantial awareness of the
environmental risks associated with improper medication disposal; however,
the majority still reported environmentally inappropriate disposal practices,
revealing a pronounced knowledge—behavior gap. A considerable proportion
of participants continued to believe that natural products are inherently safe,
while respondents expressed strong expectations regarding pharmacists'
educational role but questioned pharmacists' preparedness in Green
Toxicology. Neither demographic characteristics nor knowledge-related
variables independently predicted environmentally responsible behaviors, and

the multivariable models demonstrated very limited explanatory power.

Conclusions: The findings suggest that improving knowledge alone is
insufficient to promote sustainable pharmaceutical behaviors. Effective
implementation of Green Toxicology principles requires an integrated strategy
combining pharmaceutical education, public awareness, supportive regulatory
policies, and appropriate infrastructure, including national medication take—
back programs. The study also highlights the importance of incorporating
Green Toxicology and pharmaceutical sustainability into pharmacy education
and continuing professional development, while providing baseline evidence
to support future educational initiatives and national pharmaceutical and

environmental policies.

Keywords: Green Toxicology; Green Pharmacy; Herbal Medicines; Medication

Disposal; Environmental Awareness; Pharmacists; Sustainability; Syria
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