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a b s t r a c t

This study was designed to assess the occurrence and concentrations of a broad range of contaminants of
emerging concern (CECs) from three local estuaries within a large estuarine ecosystem. In addition to
effluent from two wastewater treatment plants (WWTP), we sampled water and whole-body juvenile
Chinook salmon (Oncorhynchus tshawytscha) and Pacific staghorn sculpin (Leptocottus armatus) in es-
tuaries receiving effluent. We analyzed these matrices for 150 compounds, which included pharma-
ceuticals, personal care products (PPCPs), and several industrial compounds. Collectively, we detected 81
analytes in effluent, 25 analytes in estuary water, and 42 analytes in fish tissue. A number of compounds,
including sertraline, triclosan, estrone, fluoxetine, metformin, and nonylphenol were detected in water
and tissue at concentrations that may cause adverse effects in fish. Interestingly, 29 CEC analytes were
detected in effluent and fish tissue, but not in estuarine waters, indicating a high potential for bio-
accumulation for these compounds. Although concentrations of most detected analytes were present at
relatively low concentrations, our analysis revealed that overall CEC inputs to each estuary amount to
several kilograms of these compounds per day. This study is unique because we report on CEC con-
centrations in estuarine waters and whole-body fish, which are both uncommon in the literature. A
noteworthy finding was the preferential bioaccumulation of CECs in free-ranging juvenile Chinook
salmon relative to staghorn sculpin, a benthic species with relatively high site fidelity.

Published by Elsevier Ltd.

1. Introduction

Contaminants of emerging concern (CECs) constitute a wide
range of chemicals for which there is limited data on occurrence,
environmental fate, and toxicity. Represented in this class of envi-
ronmental contaminants are pharmaceutical and personal care
products (PPCPs) and a number of industrial compounds such as
polybrominated diphenyl ethers (PBDEs), perfluorinated com-
pounds (PFCs), alkylphenols, bisphenol A, phthalates, and current-
use pesticides. Many of these compounds are present in our rivers,
estuaries, and coastal areas from wastewater treatment plant

(WWTP) effluent discharging via outfalls to these water bodies.
Other sources of CECs to waterways include discharges from in-
dustrial sources and aquaculture operations, in addition to runoff
from impervious surfaces, landfills, biosolids application, and
agricultural and farming activities (Gaw et al., 2014).

Most of these CECs are potent human and animal medicines that
are used for various purposes, many of which are then excreted as
the parent compound or as metabolites that flow into WWTPs.
Some of these compounds are eliminated or reduced in concen-
tration by treatment practices that vary among facilities or are
sorbed to biosolids and removed from the waste stream (Lubliner
et al., 2010; Oulton et al., 2010). By contrast, some CECs are
poorly removed by WWTP processing or are discharged to surface
waters, including streams, estuaries, or open marine waters due to
secondary bypass or combined sewer overflows (Lubliner et al.,
2010; Phillips et al., 2012).

There are several important factors to consider in assessing the
environmental risk of CECs in estuarine waters, as well as other
aquatic habitats. These include: the extent of product usage among
local human populations, physical-chemical parameters (i.e. water
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