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SUBJECT
Briefing on Toxics and Chemicals of Emerging Concern in Marine Waters.

SUMMARY:
The Work Plan of the Regional Water Quality Committee provides for briefings on pharmaceuticals and personal care products (PPCP’s) and toxics in wastewater discharges.  Available studies and analyses tend to blend these two items; this staff report will describe selected elements the recent science on these issues.  Emerging public concern regarding the wellbeing of certain water quality-dependent species will also be described.

BACKGROUND: 
As part of its 2018 Committee Work Plan, the Regional Water Quality Committee has included briefings on both pharmaceuticals/personal care products and toxics in marine waters impacted by the discharge of wastewater treatment plants.  In structuring a briefing, staff has sought to identify reliable information and analysis addressing the presence of these contaminants in local marine waters, the sources of the contaminants—with particular focus on the contribution of wastewater treatment facilities--and their effects on marine life.  Historically, the information base on these issues has been somewhat limited, with few well-targeted studies and analyses.  Recently, however, there have been a number of studies addressing this topic, including those from the National Marine Fisheries Service of the National Oceanographic and Atmospheric Administration.  Prior to that, the Washington Department of Ecology published a 2011 report entitled “Control of Toxic Chemicals in Puget Sound”, focusing on a selected number of metals, organic chemicals, petroleum, oil and grease.  Additionally, the Wastewater Treatment Division and the Water and Lands Resources Division have published analyses that address these concerns.  This staff report provides highlights from these various studies.

Chinook Salmon and Southern Resident Killer Whales—Public Concern
The Committee will note, as it turns its focus to contaminants in marine waters, that public attention to this issue —and the potential for energized regulatory interest--has increased with the emerging concern about the fate of marine life in Puget Sound.  In recent months, concern about the fate of two iconic regional species has focused public attention on the survival challenges faced by these species—Southern Resident Killer Whales, and their primary prey species, Chinook salmon. The impact of Chemicals of Emerging Concern (including pharmaceuticals and personal care products), together with traditional toxics such as copper, zinc, lead and other metals, and organic compounds on marine life is being considered as one of the factors impacting the wellbeing of Chinook salmon and Southern Resident Killer Whales.  These contaminants have been one of several areas of attention by the Governor’s Southern Resident Killer Whale Task Force, which was established  to develop strategies to address the decline in these populations.  In March, the Governor issued an Executive Order addressing this issue (Executive Order 18-02, Attachment 1) which stated, in part;
	
“… primary factors that threaten Southern Resident populations: (1) prey availability, (2) legacy and new toxic contaminants, and (3) disturbance from noise and vessel traffic. The health of Southern Residents and Chinook salmon are tightly linked. Recent scientific studies indicate that reduced Chinook salmon runs undermine the potential for the Southern Resident population to successfully reproduce and recover. Presence of contaminants and accumulation of pollutants in Washington’s waters are also linked to the decline of Southern Residents.”

The Task Force also prepared a Discussion Guide to surface optional strategies to address the various challenges, including contaminants in marine waters (Discussion Guide, Attachment 2).  Of interest to the wastewater treatment community, the Discussion Guide includes an “Action 5—Improve effectiveness, implementation and enforcement of NPDES Permits”.  The item notes:

	NPDES permit implementation and enforcement could be improved, as NPDES discharges from municipal stormwater systems, industrial stormwater runoff, and wastewater treatment systems pose direct threats to SRKW and their prey. Current NPDES regulations may also not be strong enough to protect SRKW and their prey from toxic contaminants. 
This approach would set new numeric water quality standards primarily focused on endocrine disrupting compounds and PBTs. New water quality standards could drive increased treatment requirements or source control for permitted dischargers. Along the same lines, this approach would couple deployment of treatment technologies—most importantly for PBDEs and CECs—with already planned or required upgrades to wastewater treatment facilities.
	
Recent NOAA Studies on the Effect of Toxic Contaminants on Local Marine Life
As interest in the wellbeing of marine life in Puget Sound has emerged as a topic of public concern, the science community has undertaken a number of analytical assessments to provide a base of understanding of causes and consequences. 

Do Chemically Contaminated River Estuaries in Puget Sound Affect the Survival Rate of Hatchery-Reared Chinook Salmon?
Survivability concerns of Chinook salmon exposed to wastewater discharges were raised by a review in 2014, titled “Do Chemically Contaminated River Estuaries in Puget Sound Affect the Survival Rate of Hatchery-Reared Chinook Salmon?” (Meador, Canadian Journal of Fisheries and Aquatic Sciences, January 2014)(Attachment 3).  That analysis sought to determine and compare differentials in return rates for hatchery-released juvenile Chinook salmon, comparing those that migrated through estuaries designated as contaminated, against those estuaries identified as uncontaminated.  Juvenile Chinook, the study noted, spend a period after their release in estuarine waters, before making their way out to more open ocean waters; this is distinct from the life narrative of Coho salmon, which make their way more rapidly through the estuaries associated with rivers where their hatcheries are located.  According to that review, “when all data were considered, the mean survival for juvenile Chinook released from hatcheries into contaminated estuaries was 45% lower than for fish out-migrating through uncontaminated estuaries…when compared year by year, the mean difference in survival for Chinook transiting uncontaminated estuaries was 2.5-fold higher, and for Coho was essentially neutral.”

Contaminants of Emerging Concern in a Large Temperate Estuary
That study was followed by a 2016 study, “Contaminants of Emerging Concern in a Large Temperate Estuary” (Meador et al, Environmental Pollution, 2016)(Attachment 4), intended to “assess the occurrence and concentrations of a broad range of contaminants of emerging concern”.  The process involved an analysis of three estuaries to evaluate the concentrations of contaminants. The report evaluated two estuaries—the Puyallup River estuary and Sinclair Inlet near Bellingham—that are impacted by wastewater treatment plants serving Tacoma and Bellingham.  A third estuary, the Nisqually Delta south of Fort Lewis—is not impacted by a wastewater treatment plant, and was included as a control location. 
The study examined wastewater effluent from the two wastewater treatment plants, as well as samples from the water bodies, and from locally-gathered fish tissue, including tissue of juvenile Chinook salmon.  The study assessed for the presence of compounds including pharmaceuticals and personal care products, and several industrial compounds.  81 “analytes[footnoteRef:1]” were detected in effluent, 25 in estuary water, and 42 analytes were detected in fish tissue.  A number of these compounds—sertraline, triclosan, estrone, fluoxetine, metformin and nonylphenol—were found in water and tissue at levels that may cause adverse effects in fish, according to the study.   [1:  Analyte—A chemical substance that is the subject of chemical analysis.  Merriam-Webster dictionary.] 


Adverse Metabolic Effects in Fish Exposed to Contaminants of Emerging Concern
In order to better understand the potential health and behavioral impacts of these contaminants on local species, the authors followed the 2016 study with an analysis completed in 2018, entitled “Adverse Metabolic Effects in Fish Exposed to Contaminants of Emerging Concern” (Meador et al,  February 2018, Environmental Pollution) (Attachment 5).  Juvenile Chinook salmon were one of the two species examined for the presence and impact of contaminants on their health and survival.  The report found that “exposure to CEC’s resulted in adverse physiological effects on the metabolic status of feral juvenile Chinook salmon as seen in blood chemistry parameters serving as early indicators…The blood chemistry values observed in feral juvenile Chinook salmon were relatively consistent among fish collected from effluent-impacted sites, and substantially different compared to reference site fish.  These responses were more pronounced in Chinook salmon, which is supported by the disparity in accumulated CEC’s…overall, these results are consistent with metabolic disruption for fish exposed to CECs, which may result in early mortality or an impaired ability to compete for limited resources.”

Recent Reports by King County WLRD/WTD addressing Toxic Contaminants
In addition to the NOAA studies described above, King County wastewater and water resource agencies have completed reviews that discuss these issues, among other topics.  RWQC has been briefed on these studies over the last year.  
The Committee approached the broad issue of the impacts of toxics in the effluent of the West Point Treatment Plant in its 2017 review of legislation directing the Executive to review the status and capacity of West Point after a half-century of service.  The legislation calling for that review, Motion 14882, directed a broad evaluation of the plant’s service readiness for coming years, including a review of  “the increasing levels of toxics from outdoor urban surfaces, including automotive chemicals, pesticides and herbicides, chemicals accumulated through air deposition and other toxics that are directed to the plant… “

Half-Century Assessment of the West Point Treatment Plant
The resulting report, entitled “Half Century Assessment of the West Point Treatment Plant[footnoteRef:2]”, cited a Washington Department of Ecology Report “Control of Toxic Chemicals in Puget Sound[footnoteRef:3]” indicating that wastewater treatment plants account for less than 10 percent of the load to the marine environment of a selected 16 key contaminants. The Half-Century Assessment concluded that “many toxic contaminants entering the waste stream are generated by runoff from the watershed or accumulated through air deposition…the primary pathway for most of these contaminants to reach receiving waters is by stormwater runoff, and the toxic contaminants in their current concentrations do not significantly impact West Point operations or treatment effectiveness.”  [2:  http://aqua.kingcounty.gov/Council/agendas/RWQC/20180307-RWQC-packet.pdf]  [3:  https://fortress.wa.gov/ecy/publications/documents/1103055.pdf] 


Water Quality Assessment and Monitoring Study Final Report
Also, through a separate effort, The Water and Lands Division of the Department of Natural Resources and Parks led an extensive review of water quality in local water bodies as part of the Long Term CSO Plan update process.  The report on that review, the Water Quality Assessment and Monitoring Study Final Report October 2017[footnoteRef:4], indicates that pathways such as upstream watersheds, copper boat bottom paint, and creosote-treated pilings are primary sources of problematic metals: [4:  http://your.kingcounty.gov/dnrp/library/2017/kcr2927/kcr2927.pdf] 


· The largest contribution of arsenic appears to be from upstream watersheds, likely at or near natural background levels. All other pathways contribute substantially less arsenic loads than upstream watersheds. 
· The largest contribution of copper enters the waterbodies from antifouling paint that leaches from vessels, followed by upstream watersheds. 
· The largest contributions of lead, mercury, and zinc appear to be from upstream watersheds and from direct stormwater discharges to the study areas.
The study also described primary pathways for some organic chemicals:
· Although no BEHP data are available for the Green River, it likely is the major pathway for the Duwamish Estuary and Elliott Bay because BEHP is a ubiquitous contaminant in surface waters.  
· About 98−99 percent of PAHs estimated to enter the study areas originates from leaching of creosote-treated wood pilings in the waterbodies. The City of Seattle banned installation of new creosote-treated pilings as of January 2013, but the existing pilings will continue to leach PAHs into the environment until they are removed. Direct stormwater discharges also contribute PAHs to the study areas.
· About three-fourths of the PBDEs entering Lake Union/Ship Canal are estimated to come from the upstream watershed via Lake Washington. Direct stormwater discharges to Lake Union/Ship Canal contribute the next largest loads. No PBDE data are available for the Green River upstream of the Duwamish Estuary and Elliott Bay, but similar results are expected because PBDEs are ubiquitous contaminants in surface waters.
· The two pathways that contribute the most PCBs to the study areas are the upstream watersheds and direct stormwater discharges. Direct deposition from the atmosphere and uncontrolled CSOs are estimated to contribute the next largest PCB loads.
 
This study did not identify wastewater treatment plants as a primary source of either metals or organic compounds.  It did note the limited information base available to define contaminant levels:
	In general, recent data on metals and organic chemicals in Elliott Bay are insufficient to characterize water quality: 
· Metals were sampled at only one site in Elliott Bay in the last decade, and no data exist from the Seattle waterfront where concentrations are likely to be the highest. Concentrations do not exceed the Washington State acute or chronic water quality criteria for the protection of aquatic life. 
· Organic chemicals were sampled at only two sites in Elliott Bay in the last decade. Data indicate that chemical concentrations do not exceed Washington State’s acute water quality criteria for aquatic life. Elevated detection limits and data quality issues make it difficult to compare to chronic water quality criteria for protection of aquatic life or to compare to the EPA Human Health Criteria for consumption of seafood. High-resolution PCB congener analyses in 2005 found that most samples exceeded the EPA Human Health Criteria for consumption of aquatic organisms.

The Report describes the presence of Chemicals of Emerging Concern:
	Eleven different CECs were detected in Lake Union/Ship Canal and 22 CECs were detected in Elliott Bay and the Duwamish Estuary.
 
· Metformin, an oral diabetes medicine that helps control blood sugar and is typically prescribed in high doses, was detected at substantially higher concentrations in Elliott Bay than in Lake Union/Ship Canal or the Duwamish Estuary. Metformin concentrations in Elliott Bay were much higher than the measured concentrations of the other CECs detected in the study areas. These higher levels may be due to the treated wastewater effluent discharged into Puget Sound.  

· Caffeine was detected at low levels in all samples from Lake Union/Ship Canal and in some samples from Elliott Bay and the Duwamish Estuary. 

· Aside from metformin and caffeine, 20 other pharmaceuticals, personal care products, and pesticides were detected in some samples at low concentrations.

The Report also notes significant concerns about concentrations of contaminants in sediments and fish tissue:

	“Elliott Bay has elevated contaminant concentrations in sediment north of Harbor Island and along the Seattle waterfront. Several sites in Elliott Bay have been remediated, but sites remain with contaminants exceeding the state Sediment Management Standards. Contaminants in the Elliott Bay sediments include metals, phthalates, dibenzofuran, chlorobenzenes, PAHs, and PCBs.”

	“Recent data on fish and shellfish tissue from Elliott Bay indicate the following:
· PAHs, PCBs, PBDEs, and DDT are the most abundant organic contaminants measured in clam tissue from Elliott Bay. •
·  In 2012−2013, the Washington State Department of Fish and Wildlife found that four Elliott Bay locations (Myrtle Edwards Park, Four Mile Rock, Pier 59, and Smith Cove) have the highest PAH concentrations in mussel tissue in Puget Sound (WDFW, 2014).”

ANALYSIS:
The issue of contaminants in marine waters is a complex and multivariate one.  Some of the complexities emerging from the above discussion include the various types of contaminants (pharmaceuticals and personal care products, metals, organic chemicals, automotive-based fluids, air-deposited contaminants;) the various potential pathways (stormwater, streams and rivers draining uplands, air deposition, leaching from piers and docks, paint from marine vessels, abandoned derelict vessels), the character and complexity of receiving waters (water depth, water currents, retention time of discharges in embayments and estuaries, location of outfalls), the complex biology of marine life (vulnerability of organs to toxics, retention of contaminants in bodyfats, accumulation of toxics in benthic organisms,  , fate of these contaminants—whether and to what extent they are degraded or removed by secondary wastewater treatment, how long-lasting they are in the environment; the growth in the number of different kinds of contaminants as pharmaceuticals, personal care products and industrial discharges have grown more complex; the differences in concentration of toxicants in confined estuaries compared to more open waters in Central Puget Sound.  These issues demonstrate that clarity is not easily achieved regarding causes and consequences in evaluating the reasons for impacts on marine life such as population declines of well-known marine communities.  The studies described above make important contributions to the discussion of these issues.  However, drawing simple conclusions from the body of reviews summarized here is not simple; recent reviews point to significant reasons for concern about toxic contaminants in wastewater effluents in estuaries, as regards impacts on the wellbeing of Chinook salmon, the primary prey species for Southern Resident Killer Whales.  Meanwhile, other studies, not focused on pharmaceuticals and personal care products, indicate that sources for toxic contaminants are primarily from stormwater, upland areas, creosote-coated wood pilings, and similar sources.  
In considering how the results of studies described above apply to wastewater discharges from King County facilities, it is noted that outfalls for West Point and South Plant 1) are long and deep (West Point outfall--3600 feet long, 240 feet deep; South Plant outfall—2 parallel pipes, 10,000 feet long each, 625 feet deep) and 2) discharge to central Puget Sound, beyond Elliot Bay.  

It is also noted that the Governor’s Task Force on Southern Resident Killer Whales may be moving toward recommendations regarding stricter regulatory standards addressing wastewater effluents, as well as efforts towards more effective stormwater management. 

Possible committee strategies could include working with the Wastewater Treatment Division and the Water and Lands Resources Division to further clarify the precise issues that are appropriate for further study and evaluation; communicating with NOAA regarding the potential for further evaluations including reviews focused on appropriate King County strategies; monitoring and engaging with the Governor’s Task Force and any subsequent regulatory efforts; developing specific short-term strategies to understand and respond to, or mitigate, potential impacts of King County facilities; or similar approaches.  It is also noted that the Wastewater Treatment Division is currently engaged in a Systemwide Planning project, which is seeking to structure its major priorities and programs in such a way as to acknowledge rate and budget implications; this review raises the question of whether the concerns addressed here are of sufficient weight and immediacy as to require attention through that Systemwide Planning effort.      
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2. Discussion Guide
3. Do Chemically Contaminated River Estuaries in Puget Sound Affect the Survival Rate of Hatchery-Reared Chinook Salmon?” (Meador, Canadian Journal of Fisheries and Aquatic Sciences, January 2014)
4. Contaminants of Emerging Concern in a Large Temperate Estuary” (Meador et al, Environmental Pollution, 2016)
5. Adverse Metabolic Effects in Fish Exposed to Contaminants of Emerging Concern” (Meador et al,  February 2018, Environmental Pollution)
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