
in Puget Sound have the potential to cause adverse effects in fish
and other biota. Endocrine and metabolic disruption may have
important impacts on adult fish, such as staghorn sculpin examined
here; however, metabolic disruption is even more critical for
actively growing juvenile salmonids. A recent study concluded that
juvenile Chinook salmon migrating through contaminated estu-
aries in Puget Sound exhibited a two-fold reduction in survival
compared to those migrating through uncontaminated estuaries
(Meador, 2014). Some of the lowest survival rates for juvenile
Chinook salmon were seen for estuaries that have WWTPs dis-
charging into the estuary or nearshore areas where this species
rears before moving into open water.

Some of the compounds observed in Chinook salmon and
staghorn sculpin tissue may also accumulate in larger fish that prey
on these species, in addition to aquatic-dependent wildlife
including birds and marine mammals (Diehl et al., 2012). Although
a few studies have examined potential bioaccumulation, bio-
magnification, or potential adverse effects for these higher trophic-
level aquatic predators (Arnold et al., 2014; Gaw et al., 2014), these
are relatively uncommon. Another relatively unexplored aspect
concerns the bioaccumulation and adverse effects of these com-
pounds on estuarine invertebrates and algae, which are an impor-
tant component of the foodweb for fish. In addition to enhanced
bioaccumulation via dietary uptake, reductions in prey species
could impact growth rates of fish residing in these estuaries.

A noteworthy outcome of the present study is the occurrence of
several compounds in water and tissue that have the potential to
affect fish growth, behavior, reproduction, immune function, and
antibiotic resistance. One recent review provides a summary of
studies on the effects of endocrine disruptors on immune system in
fish (Milla et al., 2011). Many of these agents, such as metformin,
may impact multiple systems such as growth and reproductive
pathways. It is unlikely that the level of exposure for these com-
pounds would result in direct mortality to estuarine organisms;
however, all of the above mentioned responses could lead to in-
direct mortality or reduced population fitness. As noted by
Spromberg and Meador (2005) and Meador (2014) even a minor
inhibition in juvenile salmonid immune function or growth likely
results in a major impact on survivability during their first year in
marine waters.

5. Conclusions

The CECs investigated in the current study were selected based
upon their widespread use, in addition to the likelihood of
continued use and potential for increased contamination in the
future. Accordingly, regulation and assessment of the ecological
and human health risks of these compounds continue to warrant
high interest as human populations increase. It should be noted
that the results of the present study represent a snapshot of
concentrations that exist at our sites and that may vary day-to-day
and seasonally. As discussed, a large percentage of the chemicals
detected in Puget Sound effluents are among the highest con-
centrations reported in the U.S., which may be a function of per
capita usage of these compounds or the treatment processes used
at these WWTPs. The fact that we observed multiple pharma-
ceuticals capable of interacting with a variety of molecular targets
in our two fish species, leads to the potential for mixture in-
teractions on critical physiological processes. These interactions
can be additive, synergistic, or inhibitory, which are difficult to
assess in the field or laboratory. Future work developing and
applying mechanism-based biomarkers linked to physiological
outcomes resulting from exposure to CECs would help close this
data gap and lead to better predictions of adverse ecological
impacts.
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