MANI ECH Journal of Water Resource Engineering and Pollution Studies

Publications Volume 1, Issue 1, January-April, 2016

Pharmaceutical and Personal Care Products (Ppcps) As Emerging
Water Pollutants: Challenges and Solutions

Dr. Nisha Verma
Associate Professor
Department of Environmental Engineering
Green Valley Institute of Technology, Pune, India

Email: nisha.verma@agvit.ac.in

Rahul Singh
Research Scholar
School of Civil and Environmental Sciences Sunrise University, Jaipur, India

Email: rahul.singh@sunriseuniv.edu.in

ABSTRACT
Pharmaceutical and Personal Care Products (PPCPs) have emerged as one of
the most concerning classes of micropollutants in aquatic environments. With
rapid urbanization, increasing health awareness, and lifestyle-driven
consumption, the use of PPCPs has risen exponentially. Unlike conventional
pollutants, PPCPs occur in trace concentrations but persistently enter water
bodies through municipal sewage, hospital effluents, and agricultural runoff.
Their presence in aquatic systems poses significant risks to aquatic organisms,
ecological stability, and human health due to bioaccumulation and endocrine-
disrupting effects. This paper critically examines the sources, environmental
impacts, detection techniques, and treatment strategies for PPCPs, while also
highlighting regulatory frameworks and sustainable approaches. Furthermore,
the study emphasizes the role of advanced treatment methods such as
membrane bioreactors, activated carbon adsorption, advanced oxidation

processes, and nanotechnology-enabled filtration. By analyzing current
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challenges and proposing integrated solutions, this paper aims to guide
environmental scientists, water managers, and policymakers toward mitigating
PPCP pollution for sustainable water management under the AIEEE standard
framework.
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disruptors, nanotechnology

INTRODUCTION

Pharmaceutical and Personal Care Products (PPCPs) represent a diverse group of chemical
substances, including prescription drugs, over-the-counter medications, veterinary drugs,
cosmetics, sunscreens, fragrances, and detergents. The growing detection of these substances in
rivers, lakes, and groundwater has raised global concern. Unlike traditional pollutants such as
heavy metals and nutrients, PPCPs are not completely removed during conventional wastewater
treatment processes.

The issue is aggravated by their continuous introduction into the environment, leading to pseudo-
persistence. Even at concentrations ranging from nanograms to micrograms per liter, PPCPs can
significantly disrupt aquatic ecosystems and pose long-term risks to humans through drinking

water contamination and food chain bioaccumulation.

SOURCES OF PPCPs IN WATER

The entry of PPCPs into water systems occurs through multiple pathways.

1. Municipal Wastewater — Unmetabolized drugs excreted by humans and improper disposal
of expired medicines.

2. Hospital Effluents — Direct discharge of pharmaceutical residues and disinfectants.

3. Agricultural Runoff — Veterinary antibiotics, growth hormones, and pesticide-PPCP
mixtures.

4. Personal Care Usage — Sunscreens, shampoos, fragrances, and microplastics washed off
during bathing.

5. Industrial Discharge — Pharmaceutical manufacturing plants contribute concentrated PPCP

effluents.
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ENVIRONMENTAL IMPACTS OF PPCPs

PPCPs are classified as emerging contaminants due to their potential to cause chronic

ecological and health effects.

e Ecotoxicological Risks: Antidepressants and beta-blockers disrupt fish behavior and
reproductive systems.

e Endocrine Disruption: Hormones and contraceptives mimic natural hormones, altering
reproductive health in aquatic species.

e Antibiotic Resistance: Veterinary and human antibiotics in water contribute to antimicrobial
resistance (AMR).

e Human Health Concerns: Although concentrations are low, prolonged exposure through

drinking water may increase cancer risks and developmental disorders.

DETECTION TECHNIQUES

The identification of PPCPs in water requires sensitive analytical methods:

e Liquid Chromatography—Mass Spectrometry (LC-MS/MS)

e Gas Chromatography—Mass Spectrometry (GC-MS)

e High-Performance Liquid Chromatography (HPLC)

e Capillary Electrophoresis (CE)

These advanced methods enable detection at nanogram levels, allowing researchers to trace

pollutant pathways effectively.

TREATMENT STRATEGIES
Conventional wastewater treatment plants (WWTPs) are inadequate for PPCP removal.

Therefore, advanced technologies are required.

Table 1: Summary of PPCP Treatment Technologies

Treatment Method Mechanism Effectiveness Remarks
Activated Carbon Adsorbs PPCPs on surface ) )
) High Costly regeneration
Adsorption pores
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Treatment Method

Mechanism

Effectiveness

Remarks

Membrane Bioreactors

Combines biological +

o High Energy-intensive
(MBRs) filtration
Advanced Oxidation ) ) Effective for trace
Generates hydroxyl radicals | Very High
Processes PPCPs
Nanotechnology-based Uses nano-adsorbents & ) o
Very High ||Promising but costly

Filtration

photocatalysts

CASE STUDIES

1.

POLICY AND REGULATORY FRAMEWORK

European Union Monitoring Programs — PPCPs like carbamazepine and diclofenac are

consistently found in rivers, prompting EU regulatory alerts.

India’s Yamuna River — Traces of antibiotics and personal care residues have been

detected, primarily due to untreated sewage and hospital discharge.

United States (Great Lakes Region) — PPCPs, including triclosan and ibuprofen, were

detected in over 80% of sampled sites.

Globally, regulatory responses are limited compared to the severity of PPCP pollution.

European Union (EU) has included several PPCPs in its Watch List Directive.
United States EPA regulates PPCPs under the Contaminant Candidate List (CCL).

India has yet to establish comprehensive PPCP-specific guidelines, though the Central

Pollution Control Board (CPCB) has acknowledged the issue.

SUSTAINABLE SOLUTIONS
Green Pharmacy Approaches — Designing biodegradable drugs.

o &~ N

Public Awareness Campaigns — Safe disposal of unused medicines.

Eco-Friendly Personal Care Products — Encouraging natural alternatives.

Upgrading WWTPs — Incorporating advanced oxidation and nanofiltration.

Regulatory Enforcement — Establishing PPCP discharge limits.
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CONCLUSION

Pharmaceutical and Personal Care Products (PPCPs) are an emerging class of pollutants that

pose significant ecological and health challenges worldwide. Their persistence, even at trace

concentrations, demands urgent attention from scientists, engineers, and policymakers.

Advanced treatment technologies, coupled with sustainable consumption patterns and strong

regulatory frameworks, are essential to minimize their environmental footprint. As the demand

for pharmaceuticals and personal care products continues to grow, integrated water management

strategies must evolve to address the challenges posed by PPCPs effectively.
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