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Puget Sound Nearshore Mussel Monitoring
SAM Status & Trends Objectives:

Study Goal: Provide a regional status and trends assessment that will determine whether and
how collective stormwater management actions implemented in the region are affecting
nearshore biota contaminant levels within the Puget Lowland ecoregion.

Status:

Characterize the spatial extent of contamination to which nearshore biota residing inside the

sampling frame may be exposed, using mussels (Mytilus sp.) as the primary indicator organism.
(answered each year)

Trends:

Track changes in mussel tissue contamination over time within the Puget Sound nearshore to
determine if the health of the biota in the Puget Sound nearshore is improving, deteriorating, or
remaining the same related to stormwater management and urban population growth. (answered
over time)
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WDFW Mussel Watch Program | 13
Six biennial surveys conducted between 2012 e ISR - =g
(WDFW pilot study) and 2024; 5 SAM surveys s - g
(2016-2024).

> - 9 | _ , — -, *;4'!1_4;1;;1 Ll
Cultured native bay mussels (Mytilus trossulus) T 5 e L

transplanted in anti-predator cages to nearshore
monitoring sites.

Winter exposure for 3 months (Nov — Jan), when
stormwater runoff peaks.

One whole body (soft tissue) composite sample |
per site: _ g
— Organics: PAHs, PCBs, PBDEs, OC pesticides |
— Metals: Arsenic, Cadmium, Copper, Lead,
Mercury, Zinc




QAM

Stormwater Action Monitoring

2023/2024 SAM Nearshore Monitoring Survey

e Second survey under new study design: Sampling area
extended to entire Puget lowland ecoregion and
stratification by estimates of total percent impervious area in
upland watersheds (4 strata)

e Biennial survey, 33 sites selected each sampling year, combo
of new and revisited sites, 3 visits in 13 years

e Retrieved cages from 31 survey sites (all new locations) and
3 reference sites

e [nitial condition samples (n=3) from aquaculture source
collected at start of study G BC__| Total Impervious Avea

(%)

<10

10 to <20

 4-month exposure period; 20-40 days longer than prior

40-100

surveys PR - e
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Status:

Characterize the spatial extent of contamination to which nearshore biota residing

inside the sampling frame may be exposed, using mussels (Mytilus sp.) as the
primary indicator organism.

»detection frequency and distribution of contaminant concentration data
»spatial extent of contamination in the Puget Sound lowland ecoregion

»the contaminant concentrations as it relates to nearshore development based on
total impervious area in adjacent watersheds
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2024: Detection Frequency

Total Zinc (mg/kg) 1

Total PCBs (ng/g) 1

Total Mercury (mg/kg) -
Total Lead (mg/kg) -

Total Copper (mg/kg) -
Total Cadmium (mg/kg) -
Total Arsenic (mg/kg) -
Sum 16 PAHs (ng/g) -
Sum 6 DDTs (ng/g) 1

Sum 11 PBDEs (ng/g) -
Sum 8 Chlordanes(ng/qg) -
(
(

Analyte

Dieldrin (ng/g) -

Sum 3 HCHs (ng/g) -

Mirex (ng/g) -
Hexachlorobenzene (ng/g) -
Endosulfan 1 (ng/g) -

Aldrin (ng/g) 1

O -

Detection Frequency (%)

25 50 75 100
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216PAHSs, TPCBs, 211PBDEs, and 26DDTs
continue to be the most frequently detected
(41-100%) organic contaminants detected in
mussels of the Puget Sound nearshore.

Less frequently detected organic contaminants
(3-35%) included Y3HCHs, >8Chlordanes,
mirex and dieldrin. The remaining organic
contaminants, hexachlorobenzene (HCB),
aldrin, and endosulfan-1 were not detected at
any sites above the reporting limits.

All the metals continue to be frequently
detected (100%).

The same contaminants remain ubiquitous
across surveys.
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2024: Distribution of Contaminant Concentration Data

» 216PAHs had the highest central tendency and broadest range of concentrations observed at the 31 monitoring sites. TPCBs had the
second highest concentrations observed followed by 26DDTs and Z11PBDEs.

» Narrow range of concentrations for each metal, with zinc having the highest central tendency concentrations, followed by arsenic,
copper, cadmium, lead, and mercury.

» Deployed mussels accumulated additional contaminant loads from most of the sites.
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e 1 ORGANICS (ng/g dry wt.) £ Arsenic: 8.32 - 11.3
Q ng/g dry wt. o
c _ c Copper: 6.35-23.7
S Sum16PAHSs: 30 — 760 | S Cadmium: 2.67 — 691 *

TPCBs: 28 — 480 01, : 2. :

Sum11PBDEs: <LOQ — 14 Lead: 0.123 -1.17 . $
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2024: Contaminant Concentrations and Nearshore Development

» Sites adjacent to the upland watersheds with a higher percentage of impervious area had greater exposure to
216PAHSs, TPCBs, 211PBDEs, 26DDTs, lead and mercury. Results were congruent with prior surveys and support the
hypothesis that impervious surface continues to provide a transport pathway for several toxic chemicals from
terrestrial to aquatic habitats in Puget Sound.
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2022 and 2024: Spatial Extent of Organic Contaminants

» Most of the Puget Sound nearshore length ] — ] — —
had low concentrations of Z16PAHS, % ] § i M N
$11PBDEs, and $6DDTs based on project-  § g0 | /)
specific thresholds, and a small proportion 2 < - 20212022 5 0 :
of the nearshore length had high § 5 - fgf”ggf: ot § - :
concentrations. ) -==- High Conc. Cat. . :

T T T T T T T T
500 1000 1500 0 100 200 300 400 500

» Most of the Puget Sound nearshore length Sum 16 PAHs (nglg, dry wt) Total PCBs (ng/g, dry wt)
had intermediate concentrations of TPCBs.

(=]

100 1 100

» The distribution patterns for $16PAH:S,
211PBDEs, and 26DDTs were very similar in
both surveys.
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» TPCBs concentrations across the nearshore
increased in the 2024 survey. No portion of ]
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Trends:

Track changes in mussel tissue contamination over time within the Puget Sound
nearshore to determine if the health of the biota in the Puget Sound nearshore is

improving, deteriorating, or remaining the same related to stormwater
management and urban population growth.

»Compare concentrations in mussel tissues collected in the 2022 and 2024 surveys under
the study design across the entire Puget Lowland ecoregion.

» Test for trends in the larger eight-year (2016-2024), five survey monitoring period
within the urban growth area.
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2022 and 2024: Comparison of Organic Contaminant Concentrations

POPs: Concentrations across 8 years of monitoring (all data)
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» No changes were observed in the geometric mean

Total PCBs [ ¥11 PBDEs
concentrations of 216PAHs, 211PBDEs, and 26DDTs. 100001
n=31
> Increase in TPCB concentrations was observed in mussel n=st oI
. . . L *
tissue in 2024, at 2.2x higher than 2022. v o
£
5
g 0y )
% N 56 DDTs |
"-% 10000 4
= n31
§ ® ns3
§ o
100 4
1.
N 4
2016 2018 2020 2022 2024 2016 2018 2020 2022 2024

Year

Sampling design lzl new El old * L0Q ¢ Reference sites (geometric mean)
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2022 and 2024: Comparison of Metal Contaminant Concentrations

. . Metals: Concentrations across 8 years of monitoring (all data)
» For metal analytes, mercury, cadmium, arsenic,

Arsenic Cadmium
copper, and zinc, concentrations significantly - " L ne e
. . . . n= e 101
increased. However, no meaningful differences in n=4s *
. e 5
concentrations were observed for lead. o g ! *@ .
g Copper
g n=48 10.0
g 100 n=30
o =3
“xgg 304 n=43 2 1.01
— n=38
e :_‘L; 0.14
8 3 ?
(=]
° n=48 = =1 5001
n=43 n=38 . 300 4
0.10 1
* @
0.031 2 100
0.01+ 50 1
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Year

Sampling design |E| new old € Reference sites (geometric mean)
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2016 to 2024: Trends in Organic Contaminant Concentrations

POPs: Temporal trends across the urban growth area

» Tested for trends in the larger eight-year (2016-2024),

Total PCBs 211 PBDEs
five survey monitoring period within the urban growth 2 0 g e
area. . o v
- oo ‘%?E) Dog o. o 10.0
» Moderate decline in 211PBDEs and a weak but fg% % ;; B ';" i
plausible decline in 216PAHs. No meaningful trends for = o " }QE s .‘; * 1o
26DDTs or TPCBs over the monitoring period. ] 5 o ¢ & ,
» The declining $11PBDEs concentrations but stable TPCB £ 16 PAMS
concentrations were congruent with the temporal ém_ i P w m -
patterns seen in two other WDFW-TBIOS indicator IR e
species, English sole and Pacific herring monitored for i I A S % % % &8 o
over 20 years and reported in the Toxics in Aquatic Life 2001 "j:% f. . s %% g @ -i. <
Vital Sign. ﬁ " 56 -+ K IR
e & ¥ &% .
2016 2018 2.020 2022 2024 vear 2016 2018 2020 2022 2024
Sampling design ® new © old LoQ € Reference sites (geometric mean)
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2016 to 2024: Trends in Metal Contaminant Concentrations

Metals: Temporal trends across the urban growth area

> Moderate increase in cadmium and arsenic and a weak
but plausible increase in zinc concentrations.

» Increasing concentrations at the three reference
locations suggest that the observed temporal trends
may reflect Puget Sound—wide environmental changes,
potentially independent of direct anthropogenic
inputs.

Concentration (mg/kg dry weight)
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1. The observed detection frequency and distribution of contaminant concentrations were like all the prior surveys conducted,
showing that the same contaminants remain ubiquitous and at similar magnitudes.

2. Imper\giousgurface continues to provide a transport pathway for several toxic chemicals from terrestrial to aquatic habitats in
Puget Sound.

3. No meaningful chanEes in the concentrations and spatial extent of mussel tissue contamination by PAHs, PBDEs, and DDTS in the
nearshore occurred between the 2022 and 2024 surveys under the new study design. Most of the nearshore has low
concentrations of these contaminants and a very small proportion of the nearshore length has high concentrations.

4. The concentrations and spatial extent of TPCBs and most metals increased in the 2024 survey as compared to the 2022 survey.
Most of the nearshore has intermediate to high concentrations of these contaminants.

5. Early monitoring results should consider the unplanned extended exposure period in the 2024 survey, possibly leading to
additional contaminant uptake.

6. Additional sampling years under the new study design will help infer conclusions regarding any significant trends for
contaminants across the nearshore of the broader Puget Lowland ecoregion.

7. Over the larger eight-year, five survey monitoring period within the urban growth area, a moderate decline in 2Z11PBDEs and a
weak but plausible decline in 216PAHs was observed. No meaningful trends were observed for 26DDTs or TPCBs over the
monitoring period. For the metal analytes, there was a moderate increase in cadmium and arsenic and a weak but plausible
increase in zinc concentrations.

8. Observable water quality responses are expected to emerge slowly and may require multiple years of data and multiple lines of
evidence to confidently distinguish management effects from background variability.

9. This study can help prioritize locations for infrastructure improvements and to guide funding decisions aimed at reducing
stormwater-related contaminants in the nearshore.
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Next Steps

» Continue monitoring across entire Puget Sound
Lowland using rotating panel design. [ - S -

» 2025/2026 Survey complete:

e Evaluated 49 sites in summer 2025 and
confirmed 35 sites (2 extra) with suitable
locations to anchor a mussel cage.

e Cages deployed in November 2025 and retrieved
January/February 2026. Retrieved cages from 32
sites.

* Prepare tissue composite samples and submit to
labs for chemical analyses (March/April 2026).

» Mussel data will be included in the larger trend
report for all Puget Sound Monitoring (streams
and nearshore)
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Reports

2024: Pending WDFW publication, posted by March 2026
2022: https://wdfw.wa.gov/publications/02544

2020: https://wdfw.wa.gov/publications/02345

2018: https://wdfw.wa.gov/publications/02184

2016: https://wdfw.wa.gov/publications/01925

2012 pilot study: http://wdfw.wa.gov/publications/01643/

Story Map
Biomonitoring of Contaminants in the Puget Sound Nearshore
10.13140/RG.2.2.14733.45289

WDFW Mussel Watch website: wdfw.wa.gov/musselwatch

SAM website: https://ecology.wa.gov/regulations-permits/reporting-
requirements/stormwater-monitoring/stormwater-action-
monitoring/sam-status-and-trends/puget-sound-nearshore
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