
sculpin were also obtained by beach seining; however 4e5 in-
dividuals from the Puyallup estuary were obtained by shrimp traps
set at 8e9 m below the surface. Each species was collected as close
as possible to the outfall area (Fig. 1), which in most cases was
several hundred meters away. Fish were kept alive after collection
in the field and transported to the laboratory for processing. Fish
were transported in site water that was aerated and temperature
was maintained at 11 �C with ice packs. Samples were taken
approximately 3e6 h after capture andwhole bodies of all fishwere
frozen at �80 �C after processing.

Fish were euthanized with tricaine methanesulfonate (MS-222;
Argent Chemical Laboratories, Redmond, WA) for processing. To
avoid analysis of stomach contents that were considered external
to the fish, the entire alimentary canal and stomach contents of all
fish analyzed for chemistry were cleaned of material by rinsing
with distilled water. The contents were discarded and the cleaned
tissue included with the whole bodies for analysis. Chemical an-
alyses for CEC analytes were conducted on composite samples
consisting of 3e12 whole-body salmon or 3e5 whole-body
sculpin.

Juvenile Chinook salmon from the nearby Gorst Creek rearing
ponds that empty directly into the head of Sinclair Inlet (far west
end) were released unusually early in the year (Mike Huff, hatchery
manager, personal communication) and were probably out of the
area at the time of sampling. As a result, the juvenile salmon
sampled were likely from nearby local estuaries, as noted in pre-
vious studies of this local estuary (Fresh et al., 2006), but were
nonetheless exposed to WWTP effluent while residing in Sinclair
Inlet. All collected fish were scanned for the presence of coded wire
tags (CWTs) by personnel from the U.S. Fish and Wildlife Service
(USFWS). Heads of fishwith detected CWTswere removed and read

by USFWS personnel. Only four CWTs were found in Chinook
salmon obtained from Sinclair Inlet and all were from nearby
Grover's Creek Hatchery. Two CWTs were detected in Chinook
salmon obtained from Puyallup estuary and both were from the
White River Hatchery. Two CWTs were also detected in Chinook
salmon from the Nisqually estuary, which indicated the Kalama
Creek and Clear Creek Hatcheries as the source.

2.4. Analytical methods

Concentrations of CEC analytes were determined by AXYS
Analytical, Ltd. (Sidney, British Columbia, Canada) using LC/MS/MS
techniques. Table S1 gives a complete list of the 150 CEC analytes
with their analytical methods and reporting limits (RLs). Of the 150
analytes, 147 were analyzed in water samples and 122 were
analyzed in fish tissue. Based on the low RL values obtained in these
samples, the analytical methods employed were generally highly
sensitive for this diverse group of compounds in environmental
media.

All analytes were measured in water and tissue, except hor-
mones, hexabromocyclododecanes (HBCDDs), and phthalate esters.
Hormones were only determined in water because many of these
compounds occur naturally in tissue and the available phthalate
ester method was developed for water. Because phthalates are
difficult to quantify in various matrices due to high control and
analytical blank values, we opted to analyze ester metabolites of
these compounds, which are less problematic. HBCDDs were
analyzed in tissue only. Two of the compounds (bisphenol A and
triclosan) were determined by two different analytical methods,
once as part of a general analytical method and again by a
compound-specific method (Table S1). No corrections were applied

Table 1
Sampling locations, water and fish collection data, composition of chemistry composites, and estuary parameters.

Puyallup estuary Sinclair Inlet Nisqually estuary Voight's Creek hatchery

Collection data
Coordinates 47�16035.400N 122�24058.000W 47�32024.400N

122�39044.300W
47�05056.400N 122�42001.800W 47�04058.800N

122�10040.800W
Sample dates fish 21 Aug 2013, and 4 Sept 2013 (La);

16 June 2014 (Ot); 29 June 2014,
and 7 and 13 Aug 2014 (La)

9 and 11 June 2014 (Ot);
27 July 2014 (La)

27 Aug 2013 (La);
19 June 2014 (Ot);
4 Aug 2014 (La)

29 May 2014 (Ot)

n fish collected Ot: 75
La: 18a and 31b

Ot: 38
La: 40b

Ot: 72
La: 24a and 47b

Ot: 56

Mean (SD) salmon wt. (g) 5.4 (2.4) 13.4 (8.2) 6.8 (1.5) 5.4 (0.9)
Mean (SD) sculpin wt. (g) Laa: 60.7 (29.4)

Lab: 22.7 (20.5)
Lab: 18.8 (6.6) Laa: 36.7 (14.3)

Lab: 16.1 (5.0)
N/A

% hatchery chinook 70% 71% 100% 100%
Salmon CF mean (sd) 0.94 (0.14) 0.90 (0.19) 0.96 (0.12) 1.09 (0.12)
Sample dates water 21 Aug 2013 (EW);

17 Sept 2014 (EF)
22 July 2014 (EW);
9 Sept 2014 (EF)

27 Aug 2013 (EW) N/A

Chemistry composites
N Fish/chem composite, lipids % Ot A: 10, 4.3%

Ot B: 12, 3.2%
Laa: 3, 1.6%
Lab: 5, 1.9%

Ot A: 3, 3.3%
Ot B: 3, 1.5%
Lab: 3, 1.7%

Ot: 9, 2.5%
Laa: 4, 2.1%
Lab: 3, 1.6%

Ot: 12, 5.1%

Mean (SD) salmon wt. (g) Ot A: 5.5 (1.3)
Ot B: 4.1 (0.6)

Ot A: 14.1 (4.7)
Ot B: 16.9 (9.0)

5.6 (0.7) 5.4 (0.9)

Mean (SD) sculpin wt. (g) Laa: 47.5 (50.2)
Lab: 9.4 (1.6)

Lab: 30.9 (6.2) Laa: 48.1 (31.8)
Lab: 16.8 (2.8)

N/A

Estuary parameters
pH 8.04 8.45 7.62 e

Salinity (ppt) 23.5 27 15.5 0
Temp (�C) 12.5 12.5 13.5 10
Oxygen (mg/L) 8.2 15 10.6 12

EW ¼ estuary water, EF ¼ effluent, Ot ¼ Oncorhynchus tshawytscha (Chinook salmon), La ¼ Leptocottus armatus (staghorn sculpin).
a 2013 sampling year sculpin.
b 2014 sampling year sculpin. CF is condition factor (¼weight (g)2/length (mm)3). Percent hatchery fish based on the presence of an adipose fin. Estuary parameters

determined at time of water sampling. SD is standard deviation.
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