I. `Intro/Background
In 2008, a Florida Department of Environmental Protection (FDEP) internal workgroup assessed various strategies to address a group of compounds commonly referred to as emerging contaminants (EC). These substances, which have been detected in low concentrations in surface waters throughout the U.S. and abroad, include chemicals found in pharmaceuticals and personal care products, flame retardants, pesticides and their degradates, fragrances and flavorants, detergent degradates, plasticizers, solvents, and polycyclic aromatic hydrocarbons (Kolpin et al., 2002; Pal et al., 2010). Several of these compounds are known mutagens and endocrine disruptors; however, most them are unregulated (CAS, 2013). The main objective of the study was to evaluate sampling technique and technology, analytical methods, and toxicological assays to assess the biological health of waterbodies. The study tested the ability of the sample collection devices and analytical methods’ effectiveness and efficiency in achieving the objective using a small-scale study design. Chemical screening for the occurrence of ESOCs in Florida’s waterbodies provides information on the fate of these compounds after they are introduced into the environment. 
a. Historical context
Due to the source, release, and nature of the compounds, the greatest number of ESOC detections were expected when a combination of sampling methods (POCIS, SPMD, and whole-water grabs) are used (Alvarez, 2010).
Monitoring for chemical tracers in the environment is a powerful tool for characterizing anthropogenic pollutants and identifying potential pollutant sources (i.e. point and non-point sources). The compound sucralose (trade name Splenda) is an effective compound to use as a tracer.  The characteristics that make sucralose useful as a tracer include its presence in domestic wastewater discharge at detectable levels, no natural occurrence, low toxicity, high solubility in water, ineffective metabolization and removal by wastewater treatment processes, and its persistence in the environment (Labare and Alexander 1993; Oppenheimer et al. 2011; Soh et al. 2011; Tollefsen et al. 2012). DEP's monitoring of sucralose has helped identify sites for intensive study and track contaminant migration routes in surface water and groundwater.
To better understand the extent of Florida’s freshwater resources potentially effected by emerging contaminants, DEP's Division of Environmental Assessment and Restoration (DEAR) added wastewater tracers and imidacloprid to its status and trends monitoring networks (FDEP 2017) . DEAR sampled statewide for sucralose in both monitoring networks in 2012 (Seal et al. 2016) and for sucralose, the pharmaceuticals acetaminophen, carbamazepine, and primidone, and the neonicotinoid pesticide imidacloprid in both monitoring networks in 2015 (Silvanima et al. 2018). All of these compounds are hydrophilic and therefore may be highly mobile in the freshwater environment (Bonmatin et al. 2015; Jenner and Smithson 1989; Wishart et al. 2006).
Sucralose was commonly detected at ultra-trace concentrations in both networks in 2012 and 2015. Sucralose was found in all freshwater resources monitored, rivers, streams, canals, large and small lakes and unconfined and confined aquifer wells. Statewide status network sucralose detection frequencies were 43.3 and 55.3%, respectively. Status network sampling in 2015 provided statewide ultra-trace detection frequencies of 16.5% for the occurrence of any of the pharmaceuticals, and of 39.4% for imidacloprid. Of the water resources sampled, rivers consistently produced the highest detection frequencies for the three compound classes listed above.
The sucralose results from monthly surface water trend monitoring conducted in 2012 were used to select the sample locations for this pilot study.  Of the 75 stations sampled (refer to fig. X), the four containing the most frequent detections, as determined by using only values greater than the method and quantification limits of DEP’s instrumentation, were selected.
Figure x.  2012 Surface Water Trend Sites Selected for Pilot Study.  Site Ids 3543, 3540, 3539 and 3554 on the Apalachicola, Ochlockonee, Withlacoochee, and the Alafia rivers respectively. 
II. Study Design
a. Site Selection
Sucralose data were used as a first screening tool for sites where we expect human and animal waste influence and thus the presence of ESOCs. Four sites were selected for the 2017 pilot study based on Trend Network river sites that had the highest sucralose concentrations measured with detections (Figure  X). Many cities located in these watersheds use rivers as a method of waste water treatment plant effluent disposal.
i. Site Characterization
The four sites are river sites, each with a 15-year history of regular monthly sampling by Department staff for the suite of standard water quality analytes (e.g., nutrients, major ions). Three of the rivers, the Apalachicola, the Withlacoochee and the Ochlockonee, flow into Florida from Georgia over the Atlantic Coastal Plain province.  The Ochlockonee and Withlacoochee Rivers each have significant amounts of agricultural and sylvicultural activity in their watersheds. The Apalachicola River, formed by the confluence of the Flint and the Chattahoochee Rivers near Albany Georgia, drains much of the state of Georgia.  It is used for sanitary waste disposal by millions of people in many cities, including metro Atlanta, Griffin and Bainbridge. The Chattahoochee River has three federally maintained water control structures (dams) upstream, which slow flow and pool the river. This provides an opportunity for sedimentation to occur before the water is released further downstream. The fourth site is located on the Alafia River, which flows west into Tampa Bay from the center of the Florida peninsula, with its headwaters near the City of Lakeland.
b. Sampling

i. Technique
To collect for ECs, the use of passive samplers such as polar organic compound integrative samplers (POCIS) and semipermeable membrane devices (SPMD), as well as whole water grab samples, were considered viable methods to achieve the objective. Three POCIS and three SMPDs contained in one large canister (Figure XX) were deployed at each of the 4 river sites for the study. Whole-water grab samples were collected when the passive devices were retrieved. The devices were deployed at each site for 30 – 35 days. A field blank for each sampling method (POCIS, SPMD, and whole water) was collected at one of the sites. 	Comment by Hogue, Alicia: Rewrite in active

c. Tests
i. Tables of categories
Many of these compounds are suspected to cause endocrine disruption effects in both aquatic and terrestrial invertebrate and vertebrate species (Blazer, et al. 2011 and 2013, Guy, et al. 2009, Letcher, et al. 2010, Oetken, et al. 2004, Vos, et al. 2000). ECs are categorized based on their manufacturing or commercial use.  Each category of ESOC compounds tends to have similar exposure routes, aquatic life effects, and chemical characteristics (Table 1).



	Category
	Primary Routes of Potential Human Exposure
	Aquatic Life Effects
	Polarity / 
Water Solubility

	Pesticides
	Dermal contact; ingestion (e.g. contaminated food or water); inhalation (e.g. breathing vapors, dust, or spray particles); ocular exposure
	Toxic, potential endocrine disruptor (ED)
	Most are polar and have high solubility

	Pharmaceuticals and Personal Care Products (PPCPs)
	Ingestion (e.g. oral medications); inhalation (e.g. aerosol hair products, perfumes); dermal contact (e.g. topical medications, deodorants, lotions) 
	ED
	Most are polar and have high solubility

	Synthetic Hormones
	Ingestion (e.g. contaminated food or water, oral medications); inhalation (e.g. dust and particulates); dermal contact
	ED
	Polar and have high solubility

	Perfluorinated Compounds (PFCs)
	Ingestion (e.g. contaminated food or water, breast milk); hand-to-mouth from surfaces that contain PFCs
	Bioaccumulative, ED
	Polar and have high solubility

	Polybrominated Diphenyl Ethers (PBDEs)
	Ingestion (e.g. contaminated food, water, breast milk); inhalation; dermal contact
	Toxic, Bioaccumulative, ED, Carcinogenic
	Nonpolar / low water solubility

	Alkylphenols
	Ingestion (contaminated food or water); contact with some personal care products and detergents; inhalation (primarily indoor air, dusts)
	ED
	Range of polarities / generally low water solubility


Table 1. General Categories of ESOC (Adapted from Dellinger et al., 2011)

ii. Chem screening
ESOC compounds are categorized based on their manufacturing or commercial use.  Each category of ESOC compounds tends to have similar exposure routes, aquatic life effects, and chemical characteristics. Chemical The group of laboratory analyses performedanalysis of the sample was determined based on the type of sampling device used (Stephanie Table). SGS AXYS Laboratories and Florida Department of Environmental Protection (FDEP) Laboratory conducted the analyses.Chemical analyses were conducted by SGS AXYS Laboratories and Florida Department of Environmental Protection (FDEP) Laboratory
Number of Compounds Analyzed in Each Category
	Category
	Sampling Devices Used
	Study Samples: 
Number of Compounds Analyzed 

	
	
	SGS Lab
	DEP Lab

	Pesticides
	POCIS, SPMD, & Grab
	76
	88*

	Pharmaceuticals and Personal Care Products (PPCPs)
	POCIS, SPMD**, & Grab
	127
	4

	Hormones
	POCIS & Grab
	17
	N/A

	Perfluorinated Compounds (PFCs)
	POCIS & Grab
	13
	N/A

	Polybrominated Diphenyl Ethers (PBDEs)
	SPMD & Grab
	8
	N/A

	Alkylphenols
	SPMD & Grab
	4
	N/A


* The DEP lab used a reduced analyte list for some sampling devices. POCIS samples were not analyzed for 29 pesticide compounds.  SPMD samples were not analyzed for 1 pesticide compounds.
**SPMD samples were not analyzed for PPCPs by the SGS lab.


iii. Bio screening
Biological response tests are used to measure endocrine activity to legacy chemicals such as Polychlorinated Biphenyls (Layton et al 2002) and novel chemicals. Biological response tests were used to measure endocrine activity in cell lines exposed to samples. The biological screening was conducted by University of Florida (UF) and United States Geological Survey (USGS)SG. S…POCIS dialysis, SPMD extracts, and whole water from each site were screened using the following in Vitro receptor assays.	Comment by Hogue, Alicia: Check if SOS chromotest is a cell line test	Comment by Hogue, Alicia: Add UF & USGS acknowledgement
  		
· Receptor Assay
· Estrogen and androgen receptor (ER and AR) competitive binding assay (conducted by UF) 
· Binding Assays
· Bioluminescent yeast estrogen and androgen screens (BLYES and BLYAS) (conducted by USGS)
· Estrogen and androgen receptor (ER and AR) mammalian cell reporter gene assay (conducted by UF)
· Genotoxicity Assay
· SOS Chromotest (conducted by USGS)
Receptor Assays
Contributed by: Nancy Denslow, PhD Center for Environmental and Human Toxicology, University of Florida

There are many kinds of receptors, some of which are found on the cell surface and some which are soluble receptors, and these are found either in the cytoplasm of the cell or in the nucleus, where they have their effects. Cell surface receptors generally are found on the cell membrane and they interact with their ligands directly on the membrane. When a ligand binds, it stimulates them, they in turn release a signaling cascade that gets transmitted to the inner part of the cell, usually mediated by phosphorylation of proteins.   The activity of membrane receptors can usually be measured by binding to the receptors and by their specific signaling cascades.

Sex hormones can activate some specific membrane receptors and initiate signaling cascades, but usually it is thought that they simply penetrate cells due their hydrophobicity and interact directly with the soluble receptors that are specific for each of the hormones. Thus, in the cell cytoplasm, one can find soluble receptors for sex hormones including estrogen, androgen, and progesterone, among others. In the case of these receptors, the ligands penetrate the cells and bind to intracellular receptors. Upon binding to these receptors, the ligands cause them to change shape (called conformation) and dimerize with another similar receptor. The dimerized receptor physically moves to the nucleus where it binds directly to control regions of specific target genes and turns on the transcription of the genes.   

There are two basic assays for measuring the activity potential for these receptors. The first one is simply a binding assay that measures the ability of a ligand to bind specifically to the receptor and the other assay is a transactivation assay that tests the ability of the receptor to turn on transcription of genes. 

Binding Assay – Cell Free Assay
Contributed by: Nancy Denslow, PhD Center for Environmental and Human Toxicology, University of Florida

The binding assay tests the ability of estrogen or an estrogen mimic to bind directly to the estrogen receptor, or an androgen mimic to bind directly to the androgen receptor. In the case of this assay, we measure just binding to the receptor, and thus cannot distinguish between an agonist (a chemical that turns on the activity of the receptor) or an antagonist (a chemical that interferes with the ability of the endogenous hormone to turn on the activity of the receptor). This assay measures just the interaction of the ligand with the ligand-binding domain of the receptor. It shows specific binding because the assay is configured to compete with the endogenous ligand, for example to compete with the ability of estrogen to bind to the receptor. In the case of our assay, the endogenous ligand is fluorescently labeled. When the endogenous ligand is bound, it exhibits different behavior than when it is unbound. These behaviors can be measured using fluorescence polarization. So, when a chemical that acts as an estrogen or androgen mimic is introduced to the assay at a high enough concentration it will displace the fluorescently labeled endogenous ligand. The competition with the labeled estrogen or androgen can be quantified and is related to the binding affinity of the mimic for the respective receptor. The assay is performed as a cell-free assay, meaning the receptors have been purified and configured totally in vitro for the assay. The assay particularly focuses on the ligand-binding domain of the receptor and uses a sophisticated method for testing the binding affinity of the test chemical for the receptor. 
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