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Over the past 3–4 decades, per capita consumption of personal care products (PCPs) has steadily risen, resulting
in increased discharge of the active and inactive ingredients present in these products intowastewater collection
systems. PCPs comprise a long list of compounds employed in toothpaste, sunscreen, lotions, soaps, bodywashes,
and insect repellants, among others.While comprehensive toxicological studies are not yet available, an increas-
ing body of literature has shown that PCPs of all classes can impact aquatic wildlife, bacteria, and/or mammalian
cells at low concentrations. Ongoing research efforts have identified PCPs in a variety of environmental compart-
ments, including raw wastewater, wastewater effluent, surface water, wastewater solids, sediment, groundwa-
ter, and drinking water. Here, an aggregate analysis of over 5000 reported detections was conducted to better
understand the distribution of environmentally-relevant PCP concentrations in, and between, these compart-
ments. The distributions were used to identify whether aggregated environmentally-relevant concentration
ranges intersected with available toxicity data. For raw wastewater, wastewater effluent, and surface water, a
clear overlapwas present between the 25th–75th percentiles and identified toxicity levels. This analysis suggests
that improved wastewater treatment of antimicrobials, UV filters, and polycyclic musks is required to prevent
negative impacts on aquatic species.

© 2016 Elsevier Ltd. All rights reserved.
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1. Introduction

In 2012, the Bureau of Labor Statistics estimated that the average US
household spends over $750/yr on personal care products (PCPs) (US
Bureau of Labor Statistics, 2014). PCPs comprise a wide range of prod-
ucts (e.g., soaps, detergents, sunscreens, fragrances, insect repellents,
deodorants, lotions, cosmetics, and shampoos, among others) that con-
tain active and inactive ingredients from the following chemical classes:
UV-filters (UVFs), musks, insect repellents, antimicrobials, preserva-
tives, and surfactants. The Personal Care Products Council, which is the
leading trade organization for cosmetics and PCPs in the United States,
estimates that annual retail sales are greater than $189 billion (van
der Kooij et al., 1989). In general, PCPs are intended for external applica-
tion onto the skin and, ultimately end up in the wastewater collection
system unchanged from their applied form (Ternes et al., 2004). The in-
creasing availability and diversity of PCPs available from consumer re-
tailers is expected to result in higher loading of PCPs into wastewater
systems and, consequently, the environment. The overall objective of
this review focuses on aggregating recent literature findings to better
understand the environmentally-relevant concentration ranges of
PCPs in various compartments (e.g., rawwastewater, wastewater efflu-
ent, and surface water, among others).

The motivation for this work stems from recent reports demon-
strating the presence of specific PCPs in drinking water supplies
(Diaz-Cruz et al., 2012; Rodil et al., 2012; Lee et al., 2010). For
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