
Background 
Estrogenic chemicals (ECs) are a class of chemicals that mimic the effects of the sex 
hormone estrogen in the body; these chemicals can be natural or synthetic and include 
17β estradiol (E2), 17α ethynylestradiol (EE2), nonylphenol (NP), and bisphenol A (BPA). 
These are considered endocrine disrupting compounds (EDCs) which can alter normal 
function within the endocrine system, possibly causing adverse health effects in exposed 
organisms (WHO 2012 and 2016). Some EDCs are estrogen receptor agonists (ERα) 
meaning they bind to and activate estrogen receptors and modulate expression of 
estrogen (Kerdivel et al., 2013).  

ECs enter the environment through a variety of point and non-point sources, including 
stormwater and combined sewer overflows (Martinovic-Weigelt et al., 2013, Zgheib et al., 
2012, Brooks et al., 2006), agricultural runoff (Lee et al., 2015, Hanselman et al., 2003, 
Johnson et al., 2006, Bradford et al., 2008), and municipal wastewater (Deblonde et al., 
2011, Surujlal-Naicker et al., 2015, Marti and Batista, 2014). Continuous exposure to ECs 
in the environment threatens the normal reproduction and development of many fish 
species (Hecker et al., 2002, Liney et al., 2005). Adverse effects of EC exposure include egg 
yolk protein vitellogenin synthesis in male fish (Schwaiger and Negele, 1998, Denslow et 
al., 2001, Johnson et al., 2008), alteration to gonadal structure (Kinnberg and Toft, 2003, 
Scholz and Klüver, 2009), and masculinization of female fish (Seki et al., 2006).  

Locally, ECs have been reported in Puget Sound (King County, 2007, da Silva et al., 2013, 
Conn et al., 2020). The Washington Department of Fish and Wildlife reported elevated 
vitellogenin expression in both male and female English sole as part of the Puget Sound 
Ecosystem Monitoring Program (O'Neill et al., 2016). 

The Yeast Estrogen Screen (YES) is an in vitro screening assay designed to detect 
estrogenicity and estrogen receptor agonists using the genetically modified yeast strain 
Saccharomyces cerevisiae. The results inform estrogen equivalents (ΣEEQs) which are 
calculated as the product of the concentration of an estrogenic chemical and its 
estrogenic equivalency factor (EEF), which are previously determined and published 
values. The EEF’s describe the estrogenic potency of a chemical relative to E2; in essence 
the ΣEEQs is a calculated representation of the total estrogenicity in an environmental 
sample. Faber et al. (2023) developed novel thresholds for estrogenic mixtures using high 
throughput data which were informed by ΣEEQs using chemical concentrations measured 
in Puget Sound waters. The data generated from this study will be used to validate the 
modeling approach in Faber et al. (2023).  



Purpose 
The purpose of this study is to characterize the presence of ECs in the Stillaguamish River 
and to determine the relative potency of previously collected water samples by developing 
dose-response curves using the YES assay. This work is conducted in collaboration with 
the Center for Urban Waters at the University of Washington, Tacoma, (UWT) who have 
measured concentration of ECs from the water samples collected in Stillaguamish River; 
the chemical concentration data will be used to determine calculated ΣEEQs. This 
calculated value will be compared to the results of the YES assay, which determines the 
ΣEEQs with the yeast. The comparison of the calculated and measured total estrogenicity 
will be compared to the Faber et al., 2023 model.  

Methods  
Grab water samples were collected from the Stillaguamish and Puyallup Rivers in August 
and September 2024 by UWT and used as practice samples for my YES work. Results from 
these pilot studies helped inform the sampling locations for 2025. 

In 2025, Western Washington University (WWU) and UWT collected water samples in a 
single sampling campaign from nine sites on the Stillaguamish River between Arlington, 
Washington and Stanwood, Washington. Splits of the samples were transported to UWT  
for chemical analysis or WWU where they were processed using Solid-Phase Extraction to 
isolate ECs from the water matrix (International Standard Organization, 2018). The 
samples were evaporated to dryness and reconstituted in 250 L of methanol, following 
the procedure by Leusch et al. (2006 and 2010). In 2024, the YES assays were conducted 
following protocol provided by Aniara Diagnostica (N32-233-Y); these same procedures 
will be followed with the 2025 samples. 

Briefly, the YES assay utilizes genetically modified yeast cells stably transformed with the 
human estrogen receptor (hERα) and β-galactosidase reporter system. The yeast cells are 
exposed to sample extracts, positive control (17-β estradiol), and DMSO solvent control. 
The cells are incubated for 18 hours following the exposure. Exposed yeast cells are 
measured for their growth after incubation. The cells are then lysed in the presence of a 
color-changing substrate which turns from yellow to purple in the presence of β-
galactosidase. The color change is measured for absorbance at 570 and 690 nm after the 
lysis occurs, and the results are evaluated for estrogenic activity and cell growth inhibition 
or cytotoxicity.  



Research Design 
This study employs New Approach Methodologies (NAMs) using high-throughput in-vitro 
screening to evaluate the estrogenic potential of the Stillaguamish River. The water 
samples collected in 2025 range in type and magnitude of anthropogenic disturbance from 
highly disturbed or anthropogenically influenced to minimally impacted.  Processed 
samples will be concentrated and analyzed using the YES assay to quantify estrogenic 
activity relative to a 17-β estradiol standard curve. The assay results will be integrated with 
chemical profiles from UWT to calculate ΣEEQs for each site. These comparisons will 
inform how urbanization influences EC potency and occurrence within aquatic 
ecosystems.  

Anticipated Results 
The results from the preliminary assays show estrogenic activity within the Stillaguamish 
watershed.  The results will be a series of dose response curves (e.g. Figure 1) for twelve 
individual samples (nine collected from the Stillaguamish, a laboratory blank and two 
samples collected from Post Point Wastewater Treatment plant). ΣEEQs will be calculated 
based on these results and reported in my final thesis. Understanding the makeup and 
chemical signature of ECs in the Stillaguamish will inform further research and 
prioritization of ECs within Puget Sound watersheds. This work will also validate the model 
developed by Faber et al., 2023.  

 



 

Figure 1. Example of results from a YES assay conducted by Lee. Induction ratio of the 
positive control E2 from a YES assay (Lee 2025).  

 

 

 

 

 

 

 

 

 



Schedule for Completion 
Activity 

Fall 2024 Receive Stillaguamish and Puyallup water samples from UWT. 
Process using ISO 19040-1 (2018) and Leusch (2006, 2010) 
method at WWU.   

Winter 2025 Apply for RSP funding, purchase first YES assay, experiment 
preparation.  

Spring 2025 Conduct the first YES assay, analyze the data, method 
verification.  

Summer 2025 Conduct YES assay, analyze the data, method and project 
refinement.  
Conduct sampling campaign on the Stillaguamish River  

Fall 2025 Process Stillaguamish samples using ISO 19040-1 (2018) and 
Leusch (2006, 2010) method at WWU. 
 
Conduct YES assay with new study design.  
 
Apply for funding to CENV small grant 
 
Conduct 2 more YES assays 

Winter 2026 Analyze data, submit thesis draft to committee 

Spring 2026 Defend thesis.  

Budget 
The RSP granted me funding in Winter 2025 for my first initial assays, the results of which 
were intended for my thesis. However, due to methodological refinements and data 
limitations, the results of these serve as preliminary data. Additional funding is being 
requested to conduct a subsequent round of assays using the finalized methodology to 
generate data suitable for my thesis.  

Funds for the project have been made possible by Foundation accounts to the Institute of 
Environmental Toxicology and Chemistry and Dr. Ruth Sofield’s grant overhead returns. I 
am requesting the following to purchase one additional YES assay kit along with the 
necessary supplies to complete it.  



Existing funding sources that have supported the preliminary data collection are 
exhausted. If this funding request is not awarded, I will need to pursue other support 
opportunities which would delay both my research and my graduation.   

 

Funding Received from RSP 
Item Cost Quantity Requested 

Amount 
Justification 

XenoScreen XL 
YES Assay 

(Aniara 
Diagnostica) 

 

$597.00 1 $597.00 Used for August 
2024 samples that 
were intended to 
be for my thesis 

but used for 
preliminary 
research to 

determine sites 
and methodology. 

Xenoscreen YES 
strain 

$366.00 
 

1 $366.00 GMO yeast cells 
needed for YES 

assay. 
XenoScreen XL 

YAS Assay 
(Aniara 

Diagnostica) 
 

$597.00 
 
 

1 $597.00 Yeast Androgen 
Screen assay (not 
mentioned in this 

proposal) to 
determine 

androgenic 
agnostic effects in 
water samples for 
comparison with 

YES assay and 
holistic profile of 

EDCs in water 
samples. 

Xenoscreen YAS 
strain 

 

$366.00 1 $366.00 GMO yeast cells 
needed for YAS 

assay. 
 

Total Requested $1926.00* 
Total Awarded $1500.00 

*The remaining funding for the above materials was supported by the Foundation accounts 
to the Institute of Environmental Toxicology and Chemistry and Dr. Ruth Sofield’s grant 
overhead returns. 



 

 

 

 

Funding Requested 
Item Cost Quantity Requested 

Amount 
Justification 

XenoScreen XL 
YES Assay 

(Aniara 
Diagnostica) 

$ 462.00 1 $ 462.00 Expense for one YES 
assay kit to 
determine 

estrogenicity of 4 
field-collected water 

samples. 
Pipetman 

Diamond Tips, 
SterilPack 2-200 

L 

$150.00 1 150.00 Pipette tips 
necessary for use in 
the YES assay, per 

kit instructions from 
Aniara Diagnostica.  

Total Requested $612.00 
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