
to the analytical values (e.g. percent recovery). All sampling ob-
jectives and quality control parameters outlined in Yeh et al. (2013)
were achieved in this study. Many of the quality assurance and
quality control parameters for the chemical analyses can be found
in U.S. Environmental Protection Agency (2007), which have
improved since publication of that document.

3. Results

Of the 150 targeted analytes for this study, 92 (61%) were
detected in effluent, estuarine water, or fish and only 58 (39%) were
not detected in any of these matrices (Tables 2, S2, and S3). Addi-
tional information and data highlighting chemical output rates
from effluent, physicalechemical properties, known half-lives,
available partition coefficients, undetected compounds, and
reporting limits can be found in Appendix A (Tables S1 e S4). Site
and fish data are listed in Table 1. The available data for partitioning
as determined by the bioconcentration factor (BCF) and organic-
carbon normalized sediment-water partition coefficient (Koc) are
listed in Table S4. Most values in this table are estimated based on
various schemes, many of which are based on water solubility and
an octanolewater partition coefficient (Kow) dependent regression.
These approximations likely underestimate actual values for
ionizable organic compounds.

3.1. Occurrence and concentrations of CECs in WWTP effluents

We detected 81 analytes in WWTP effluent (Table S4) repre-
senting 55% of the total analyzed. Several of these analytes (15)
were detected at concentrations greater than 1000 ng/L (low ppb
range) and 8 of those analytes were detected in estuarine water. A
few compoundswere observed in estuarinewaters but not effluent,
including sulfadimethoxine, sulfamethoxazole, testosterone, and
mono-n-butyl phthalate, the latter a metabolite of dibutyl phtha-
late. In general, the detection frequency and concentrations were
similar for a given type of media (e.g. effluent or estuary water)
among impacted sites, although there were several notable differ-
ences (Table S4). For effluent, 77 analytes were detected in the
Tacoma effluent, with 15 being unique for this type of matrix and
location. The Bremerton WWTP effluent contained 66 detected
compounds, with 4 (PFOS, PFBS, PFHxS, and androstenedione) be-
ing unique to this effluent. Six of the 15 analytes detected in Tacoma
effluent and not the Bremerton effluent were observed at elevated
concentrations (>20 ng/L). For the 62 compounds detected in both
WWTP effluents there was no clear pattern of dominance with
respect to concentration. However, comparing between the Bre-
merton and Tacoma effluent we found substantially higher con-
centrations in the Bremerton effluent compared to the Tacoma
effluent for DEET (684 v. 23 ng/L), caffeine (1170 v. 152 ng/L),
ibuprofen (1060 v. 116 ng/L), and estrone (58 v. 4.5 ng/L) (Table S4),
which may indicate regional differences in usage.

3.2. Occurrence and concentrations of CECs in estuary waters

In the present study, we detected 25 CEC analytes in estuarine
waters (Table S4). The estuary samples from both Sinclair Inlet and
the Puyallup estuary contained 16e17 analytes with 5 or 6 analytes
unique to each estuary. The Nisqually reference site contained 10
detectable analytes, including comparatively high concentrations
of 4-nonlyphenol (4-NP), and monobutyl phthalate (Table S4). All
analytes detected in effluent were considered as a source to estu-
arine waters in terms of mass per day. Based on both the effluent
flow rate at the time of collection andmeasured concentrations, the
total amount of detected analytes flowing into their respective
estuarine waters ranged from 0.8 to 6.6 kg/d for the Bremerton

Westside and Tacoma Central WWTPs (Table 2). During “maximum
design flows” occurring OctobereApril, CEC inputs from these
WWTP could be substantially higher at 3.5 and 16.8 kg/d, which is
based on flow data obtained from Bremerton Westside Factsheet
(2013) and Tacoma Central WWTP Factsheet (2004). These values
would not account for episodic releases of influent during peak
flows that bypass secondary treatment. Based on the data pre-
sented in Lubliner et al. (2010), influent concentrations can be 1e2
orders of magnitude higher than effluent concentrations for many
PPCPs.

3.3. CECs in sculpin and salmon tissues

A number of compounds were found in fish and not in effluent
or estuary water. These include PFDA, PFOSA, enalapril, benz-
tropine, fluocinonide, sulfadaizine, sulfamerazine, virginiamycin
M1, and ormetoprim (Table 2). Ormetoprim is widely used in
hatcheries to treat fish under the trade name Romet™, and likely
was in some hatchery fish at the time of release. Sulfadimethoxine
is also a component of Romet™ and was found only in salmon;
however it was detected in effluent and estuary water, and there-
fore it is not known if tissue levels were due to estuarine or
hatchery exposure. The compounds HBCDD (not analyzed in wa-
ter), PFDA, and PFOSA have been detected in fish or WWTP effluent
in Puget Sound or its watershed (Washington Department of
Ecology, 2010; Johnson and Friese, 2009) and are likely from in-
dustrial sources in the area. Conversely, even though phthalate
ester metabolites were not analyzed for tissue samples they likely
occurred in whole-body fish because of their relatively high Kow
and elevated concentrations in estuary water. Sulfadiazine has been
reported in effluent by Verlicchi et al. (2012). The source of the
remaining compounds sulfamerazine, fluocinonide, and virgin-
iamycin is unclear. Virginiamycin is an antibiotic approved for large
animal use and may occur in estuaries from runoff. A review of the
literature did not reveal any studies reporting detectable concen-
trations for these compounds in either effluent or fish tissue.

Collectively, we detected 42 compounds in whole-body fish
(Table 2 and S5). CECs in juvenile Chinook salmonwere detected at
greater frequency and higher concentrations compared to staghorn
sculpin. Fig. 2 shows the concentrations of detected analytes in fish,
estuary water, and effluent sorted by occurrence from high to low
concentrations in salmon tissue. In general, juvenile Chinook
salmon from the Puyallup estuary contained a greater frequency of
detected analytes (25) and higher concentrations (most > 1 ng/g)
than that observed for Chinook collected in Sinclair Inlet. Notable
compounds occurring at comparatively high concentrations in ju-
venile Chinook from the Puyallup estuary include amphetamine,
azithromycin, diltiazam, diphenhydramine, fluoxetine, gemfibrozil,
miconazole, norfluoxetine, sertraline, sulfadimethoxine, triclosan,
triclocarban, virginiamycin, and nonylphenol and its metabolites.
Chinook collected in Sinclair inlet contained 19 detected analytes
and most were lower in concentration compared to Puyallup Chi-
nook with some exceptions (e.g., PFOS, caffeine, and fluocinonide).
Nisqually Chinook salmon contained 13 detected analytes; how-
ever most exhibited low concentrations, except for nonylphenol.
Chinook salmon from both effluent sites contained several CECs at
concentrations substantially higher than those observed for Nis-
qually Chinook. We detected 7 analytes in juvenile Chinook
collected from the Voight's Creek Hatchery. Two of these analytes
(benztropine and enalapril) were found only in these fish, which
have been detected inWWTP effluent or lakewater in other studies
(Verlicchi et al., 2012; Ferrey, 2013). Three of the other detected
compounds (BPA, nonlyphenol, and DEET) were elevated in these
fish. Values for nonylphenol and bisphenol A in hatchery fish tissue
were as high or higher than levels found in estuary fish and may
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