
have come from leaky septic systems in the area or other discharge
upstream of the hatchery.

Among sculpin, concentrations of detected analytes were rela-
tively similar between the 2 effluent sites, both in terms of chemical
concentrations and frequency of occurrence. Sculpin from the
Nisqually estuary reference site contained 9 detected analytes,
including several at comparatively high concentration. The pre-
dominant analytes in sculpin harvested from the Nisqually
included nonylphenol, caffeine, ciprofloxacin, and metformin.
However, based on water concentrations, sculpin from the effluent
sites were exposed to higher numbers and concentrations of con-
taminants than those collected in the Nisqually estuary, many of
which were likely not bioaccumulated to levels above the analytical
detection limit.

Based on the relatively rapid half-life for several of the com-
pounds tested for (Table S2) and the lag time between capturing
fish in the field and sacrifice in the lab (3e6 h), some of the analytes
examined in this study may have been higher, in feral fish. There-
fore the reported concentrations may underestimate, sometimes by
a large margin, the concentrations accumulated by fish in these
estuaries or even fall below detection after capture if elimination is
particularly rapid.

4. Discussion

The greater Puget Sound area contains 106 publicly owned
WWTPs that discharge at an average total flow about 1347 MLD
(Washington Department of Ecology (2010)). Our study examined 2
of these with a combined total of 71 MLD. The output for these 2
WWTPs alone was on the order of kg quantities of detected CECs
per day into estuarine waters of Puget Sound. Considering the low
percentage of commercially available PPCPs analyzed in this study
and the amount of effluent discharged to Puget Sound waters, it is
possible that a substantial load of potentially harmful chemicals are
introduced into streams and nearshore marine waters daily. If the
concentrations from the 2 studied effluents are representative of

that from other WWTPs in Puget Sound, then it is reasonable to
assume that inputs to streams and nearshore waters are substantial
and likely on the order of 121 kg/d (z44,000 kg annually) and even
higher if secondary treatment bypass, permitted flows, maximum
outputs, unmeasured compounds, septic system contributions, and
transboundary contributions are considered.

Based on our water and fish data, the Nisqually estuary was
more contaminated than expected, which highlights the difficulties
of establishing suitable non-polluted reference sites for these
ubiquitously distributed CECs (Ferguson et al., 2013). It is note-
worthy that for all 3 estuaries investigated in the present study, a
few analytes (e.g., cocaine, ciprofloxacin, and ranitidine) were
found only in estuary water at our reference site, even though
compounds were present in effluent from the contaminated sites.
Although the source of these compounds to the Nisqually estuary is
unknown, the Nisqually River, Nisqually Reach, and McAllister
Creek are all included on the 303(d) list of water bodies that do not
meet water quality standards for fecal coliform bacteria, whichmay
be caused by leaking septic systems (Washington Department of
Ecology (2007); Washington Department of Ecology (2015)). Even
though a number of analytes were elevated inwater and tissue (e.g.,
nonylphenol, diphenhydramine, ciprofloxacin, DEET, and metfor-
min), overall the frequency of occurrence and concentrations of
these contaminants in the Nisqually estuary were generally low
relative to the effluent-impacted sites. While it is unknown if these
chemicals alone or in combination are sufficiently elevated to result
in adverse effects, we are conducting other studies to examine the
potential linkage between exposure to CECs and adverse physio-
logical outcomes in sculpin and salmon.

4.1. CECs in water and fish tissue

Compared to other marine studies, our results for effluent were
generally similar to those reported by Vidal-Dorsch et al. (2012) and
Hedgespeth et al. (2012) for the few overlapping analytes. As for
surface waters, our values for the few analytes in common for each

Table 2 (continued )

Analytes Range for effluent
(ng/L)

Range for estuary water
(ng/L)

Range for salmon
(ng/g)

Range for sculpin
(ng/g)

WWTP output (g/d)# Percentile ranking
for effluent

Bremerton Tacoma

Propranolol 76e109 1.00 6.19 >95th
Ranitidine 494 0.75 0.82e1.1 0.97 28.1 >95th
Roxithromycin 3.8 0.22
Sertraline 89e116 17 0.20 1.54 5.05 >95th
Simvastatin 34 1.95 *>99th
Sulfadiazine 0.88
Sulfadimethoxine 8.2 0.46 0.34e17 0.47 *>99th
Sulfamerazine 0.51
Sulfamethoxazole 1380 1.5e4.2 78.4 >90th
Testosterone 1.9
Thiabendazole 24e27 0.36 1.35
Triamterene 151e156 2.00 8.86 >95th
Triclocarban 12e17 6.5 0.16 0.96
Triclosan 250e538 5.2 26 7.13 14.2
Trimethoprim 742e852 2.3 9.83 48 >99th
Valsartan 2010e3000 5.4 26.6 170 >80th
Verapamil 40e44 0.30e0.60 0.07e0.27 0.54 2.52 >80th
Virginiamycin M1 10 8e34
Warfarin 6.2 0.35 *>99th
Detected analytes 81 25 37 21
Sum kg/d for sample flow 0.82 6.66
kg/d at maximum flow 3.5 17

All blank values indicate a concentration < RL. Range shows minimum and maximum for each matrix (effluent, estuary water, or fish tissue) and type (sculpin or salmon). All
single values indicate at least one site with a quantifiable concentration. Tissue concentrations are whole-body wet weight. Grams/day (g/d) for each analyte shown based on
measured concentration (Table S4) and flow rate on the date of collection (personal communication from plant operators). Also shown is predicted kg/d for flow at the time of
sampling and maximum flow. Our effluent concentrations expressed as percentile ranking compared to Kostich et al. (2013, 2014) who analyzed 56 active pharmaceutical
ingredients in the 50 largest WWTPs in the U.S. * ¼ all values from Kostich et al. (2014) below detection but detected in the present study. See Table S1 for all analyte ab-
breviations and text for details.
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