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Executive Summary 

Contaminants of emerging concern (CECs) 
comprise a diverse and growing group of principally 
anthropogenic chemicals in commerce that are 
generally poorly understood with respect to fate, 
transport, and toxic effects in ecological systems. 
They include tens of thousands of personal care 
products, fame retardants, new pesticides, 
pharmaceuticals, hormones, veterinary drugs, 
fragrances, food additives, surfactants, and many 
other chemicals contained in commercial products. 
Many CECs are ubiquitous in surface waters.  
Analytical methods have been developed for 
detecting hundreds of individual CECs in ambient 
waters. Yet, few offcial agency guidelines or 
benchmarks exist for CECs in surface waters in the 
United States (U.S.) and few CECs are regulated as 
environmental contaminants. 

The principal purpose of this document is to 
present the rationale, derivation methods, and 
numeric values of CEC screening values (SVs) for 
assessing relative hazard to freshwater fsh from 
chronic aqueous exposures in surface water, to aid 
in improving management strategies for fsh and 
wildlife resources. The SVs presented here are 
neither regulatory values nor absolute toxicity 
thresholds. The USFWS does not establish national 
regulatory screening values for contaminants, and 
estimation of absolute toxicity thresholds was not a 
goal of this project. 

We developed pairs of effect-specific SVs and mean 
SVs for each of the 14 CECs to be used as guidance 
values in aquatic ecological hazard assessments 
(EHAs) concerning freshwater fsh. A SVLOW is a 
CEC concentration in water below which minimal 
adverse impacts to fsh populations are anticipated. 
A SVHIGH is a water concentration above which 
adverse impacts in fsh are expected. The SVs are 
intended to be applied as pairs to score relative 
hazard of aqueous CEC exposures. Resulting 
hazard scores can be used to rank hazard and 
prioritize among alternative research and resource 

management actions concerning the potential 
for CEC impacts in freshwater systems. This 
approach combines the merits of lower bound 
SVs (concentrations below which impacts are not 
anticipated) with the merits of upper bound SVs 
(concentration above which impacts are reasonably 
expected) in interpreting CEC hazard. 

The process of deriving pairs of SVs generated 
additional resources for ecological hazard 
assessment. A comprehensive CEC Fish 
Ecotoxicity Database was compiled for this project 
from published laboratory assays on single-CEC 
effects in freshwater fsh from chronic aqueous 
exposures. The structure and contents of this 
database directly supported derivation of SVs for 
the 14 CECs. Uncertainty factors (UFs) related to 
six sources of uncertainty were developed to adjust 
for lab-to-feld extrapolation in CEC SV derivations. 
The UFs were applied to NOAECs to derive 
SVLOW point estimates, and applied to LOAECs 
to derive SVHIGH point estimates. Complete lists 
of SV point estimates with associated UFs and 
assay information are provided in Attachments 
and summarized in CEC-specifc SV point estimate 
distribution graphs. We developed effect-specifc 
SVs from SV point estimates related to individual 
Effect Categories - such as Mortality, Reproductive, 
Developmental, Behavioral, and eight other 
categories of effects. Effect-specifc SVs were then 
used to compute the mean SV values. 

Two pairs of mean SVs were developed from effect-
specific SVs for each CEC. A set of comprehensive 
SVHIGH and SVLOW values were developed using all 
adverse effects reported in the literature for a given 
CEC. A subset of adverse effects was used to derive 
a set of population-relevant SVHIGH and SVLOW 
values, to focus EHAs on the potential for 
population-level impacts.  
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We recommend applying all available effect-specific SVs and mean SVs in each EHA to take full 
advantage of their interpretive power.  To illustrate the magnitude of the derived SVs, we provide mean 
SV values below: 

CEC Use 
Comprehensive Population-relevant 

SVHIGH 
µg/L 

SVLOW 
µg/L 

SVHIGH 
µg/L 

SVLOW 
µg/L 

4-Androstene-3,17-dione Hormone 0.852 0.000204 3.23 0.00127 
Bisphenol A Plasticizer 118 0.0318 177 0.062 

Carbamazepine Pharmaceutical -
anticonvulsant 139 0.00865 299 0.0788 

Citalopram Pharmaceutical -
antidepressant 0.222 0.000102 0.237 0.000254 

N,N-diethyl-meta-toluamide 
(DEET) Insect repellant 22 0.0236 7098 0.00127 

Diphenhydramine Pharmaceutical -
antihistamine 1.26 0.00846 3.35 0.0527 

Estrone Hormone 0.00665 0.0000144 0.0186 0.000115 
Hexahydrohexamethyl 
cyclopentabenzopyran 

(HHCB) 

Personal Care -
fragrance - musk 21.3 0.0649 60.2 0.91 

Ibuprofen 
Pharmaceutical – 
antiinflammatory 

(NSAID) 
10.5 0.0153 0.822 0.00417 

Lidocaine Pharmaceutical -
antiarrhythmic 890 2.4 949 5.98 

β-Sitosterol Phytohormone 18.4 0.0604 101 0.171 
Tris(2-butoxyethyl)phosphate 

(TBEP) Flame retardant 267 0.448 511 1.67 

Triclosan Personal Care -
antibacterial 12.8 0.00254 40.8 0.00286 

Venlafaxine Pharmaceutical -
antidepressant 0.155 0.000638 0.285 0.0026 

Limitations of the SVs presented in this document 
include: 

• The SVs are not regulatory values.
• The SVs are not absolute thresholds

of toxicity.
• SVs for only 14 CECs are presented;

hazards due to exposures to other CECs
are not addressed in this document

• The SVs are applicable to freshwater
fsh, only; relevance to other taxa is
unknown.

• The SVs are relevant to aqueous 
exposures, only; SVs do not account for 
trophic intake

o SVs are best compared to 
concentrations in dissolved phase 
in surface water samples, not total 
concentrations.

o Hazard due to CECs with 
relatively high logKow values will 
likely be underestimated 
compared to CECs with low 
logKow values.

• The SVs are applicable for chronic or
long-term repeated exposure scenarios,
only; relevance to acute exposures is
unknown.
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Background 

The U.S. Fish and Wildlife Service (USFWS) is 
conducting a Contaminants of Emerging Concern 
Project in the Great Lakes Basin to determine if these 
mostly unregulated chemicals negatively impact fsh 
and wildlife. This project addresses the Great Lakes 
Restoration Initiative Action Plan II, Objective 1.2.2: 
Identify emerging contaminants and assess impacts 
on Great Lakes fsh and wildlife.  The USFWS is 
evaluating the infuence of these novel and potentially 
toxic substances on the health of the fsh and wildlife in 
the Great Lakes Basin. This work is conducted under 
the statutory authority of the Great Lakes Fish and 
Wildlife Restoration Act, and is funded under the Great 
Lakes Restoration Initiative through the USFWS’s 
CEC Team. 

The frst fve years of the project, implemented during 
2010-2014, resulted in an improved understanding of 
the occurrence patterns of many CECs in water and 
sediment in Great Lakes tributary rivers as well as a 
preliminary identifcation of some chemicals likely to 
adversely affect fsh (Choy et al. 2017, Elliott et al. 2017, 
Lee et al. 2012, Lee et al. 2015, Thomas et al. 2017). The 
second fve years is aimed at determining whether the 

most common CECs and their mixtures may affect the 
growth, survival, or reproduction of individuals and the 
sustainability of fsh and wildlife populations. 

This document is Part B in a two-part report on 
the USFWS Great Lakes Basin Ecological Hazard 
Assessment (EHA) concerning impacts to fsh 
populations from exposures to CECs. The full EHA 
is provided in Part A (Gefell et al. 2019).  Part A is an 
illustration of how to apply CEC screening values to 
score CEC concentrations in water for hazard to fsh 
populations; hazard scores were used to rank CECs and 
project locations distributed throughout the U.S. Great 
Lakes Basin for relative hazard to fsh populations. 

Part B supplements Part A by presenting a detailed 
treatment of the EHA Toxicity Assessment, in particular 
the derivation of CEC screening values. Part B also 
supports future CEC EHAs by providing an assortment 
of technical resources for ecological risk assessment 
practitioners. Assessment resources presented in this 
document provide a technical basis for prioritizing 
future research and resource management related to 
CECs in aquatic systems of the Great Lakes Basin. 
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Acronym List 

ACR Acute to Chronic Ratio 
ATSDR Agency for Toxic Substances and 

Disease Registry 
AWQC Ambient Water Quality Criterion 
BPA Bisphenol A 
CAS Chemical Abstract Service 
CCME Canadian Council of Ministers 
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CEC Contaminant of Emerging Concern 
CECWG Chemicals of Emerging Concern 

Working Group 
CERCLA Comprehensive Environmental 

Response, Compensation, and 
Liability Act of 1980 

CFED CEC Fish Ecotoxicity Database 
DEET N,N-diethyl-metatoluamide 
DNEL Derived No-Effect Level 
ECETOC European Centre for Ecotoxicology 

and Toxicology of Chemicals 
EHA Ecological Hazard Assessment 
EML Effect Magnitude at the LOAEC 
ECOSAR Ecological Structure-Activity 

Relationships model 
EPUC Effect per Unit Concentration 
ERA Ecological Risk Assessment 
ET Ecotoxicity Threshold 
FIFRA Federal Insecticide, Fungicide, 

and Rodenticide Act 
HHCB Hexahydrohexamethyl-

cyclopentabenzopyran 
IJC International Joint Commission 
LC50 50% Lethality Concentration 
LOAEC Lowest Observed Adverse 

Effect Concentration 
LOAEL Lowest Observed Adverse 

Effect Level 
LOEC Lowest Observed Effect 

Concentration 
MDL Method Detection Limit 
MF Modifying Factor 
MRL Minimal Risk Level 
NLM National Library of Medicine 
NOAEC No Observed Adverse Effect 

Concentration 
NOAEL No Observed Adverse Effect Level 
NOEC No Observed Effect Concentration 
NYSDEC New York State Department of 

Environmental Conservation 

OPP 
OSWER 

PAH 
PCB 
PEC 
PNEC 
QSAR 

QSPR 

RfD 
SAR 
SARA 

SLERA 

SSD 
SV 
SVHIGH 

SVLOW 

TBEP 
TRV 
UF 
UFCC 

UFConc 

UFData 

UFDura 

UFInter 

UFIntra 

UF∏

UNEP 

USEPA 

USFWS 
USGS 

Offce of Pesticide Programs 
Offce of Solid Waste and 
Emergency Response 
Polycyclic Aromatic Hydrocarbon 
Polychlorinated Biphenyl 
Predicted Exposure Concentration 
Predicted No Effect Concentration 
Quantitative Structure-Activity 
Relationship 
Quantitative Structure-Property 
Relationship 
Reference Dose 
Structure-Activity Relationship 
Superfund Amendments and 
Reauthorization Act 
Screening Level Ecological 
Risk Assessment 
Species Sensitivity Distribution 
Screening Value 
LOAEC-derived Upper CEC 
Screening Value 
NOAEC-derived Lower CEC 
Screening Value 
Tris(2-butoxyethyl) phosphate 
Toxicity Reference Value 
Uncertainty Factor 
Chemical Complexity Uncertainty 
Factor 
Effect Concentration Uncertainty 
Factor 
Database Adequacy Uncertainty 
Factor 
Exposure Duration Uncertainty 
Factor 
Inter-Species Sensitivity 
Uncertainty Factor 
Intra-Species Sensitivity 
Uncertainty Factor 
Cumulative Uncertainty 
United Nations Environmental 
Programme 
U.S. Environmental Protection 
Agency 
U.S. Fish and Wildlife Service 
U.S. Geological Survey 
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Chapter 1 - Introduction 

1.1 Purposes 

The principal purposes of this document are to: 
• Provide	a	companion	document	to	Part	 A

(Gefell et al. 2019), describing the Toxicity
Assessment process used to derive CEC SVs
for fish (Figure 1-2);

• Provide	 information	to	ecological	assessment
practitioners, natural resource managers,
and water managers:

o a synthesis of CEC fsh ecotoxicity
information for 14 commonly detected
CECs

o a set of technical resources to conduct
EHAs that:

• assess relative hazard to
freshwater fsh in order to
prioritize sites for further
attention,

• rank CECs for relative hazard
to aquatic resources. 

• Provide detailed methods that can be applied
to derive new CEC SVs or update existing SVs.

Other important purposes include: 
• Increase field sampling efficiency and simplicity

for CEC hazard assessment in fsh
• Provide an opportunity to assess the potential

for CEC impacts extensively at a landscape
scale, such as across watersheds or basins

• Minimize future euthenization of fish to assess
potential hazards, by:

o providing an alternative to traditional
feld sampling for pathology studies in
fsh health assessments;

o providing a thorough review of available
laboratory studies so future laboratory
investigations can focus on critical data
gaps, and avoid redundant studies,
especially related to CECs.

Technical resources provided in this document include: 
• a database on effects of CECs in fish

(Chapter 2),

• a set of uncertainty factors for extrapolating
CEC effect concentrations from lab to feld
conditions (Chapter 3), and

• a set of surface water screening values for
aqueous exposure1  of 14 CECs in freshwater
fsh (Chapter 4).

Brief introductions to these project outputs are 
provided in Sections 1.4 – 1.6. 

1.2 Terminology 

Emerging contaminants are recognized as a global 
issue (UNEP 2010, UNEP 2014). The Great Lakes 
International Joint Commission (IJC) Chemicals of 
Emerging Concern Work Group provides the following 
description (CECWG 2011): 

The term “chemicals of emerging concern” 
has come to characterize the increasing 
awareness of the presence in the environment 
of many chemicals used by society, and 
the risk they may pose to humans and 
ecosystems... Chemicals of emerging concern 
include new compounds that have gained 
entry into the environment or those that have 
been recently characterized due to increases 
in concentrations in the environment or 
improvements in analytical techniques. In 
the United States and Canada few of these 
compounds have regulations governing 
their release. Of concern is the uncertainty 
of potential adverse effects on wildlife and 
humans due to chronic exposure to low 
concentrations of these compounds. 

For the purposes of this document, the term 
contaminants of emerging concern is used 
interchangeably with emerging contaminants, 
where the word “emerging” can refer to our limited 
knowledge and control, as well as to new uses and 
our recent ability to detect these chemicals in the 
environment. Emerging contaminants include a wide 

1Throughout this document, the phrase “aqueous exposure” refers principally to direct uptake of dissolved chemical from water – that is, 
uptake via the gills and integument and ingestion of water.  In assays that last long enough so that the fsh are fed, there may also be some 
uptake via ingestion of food particles to which the tested CEC has adsorbed. The degree of adsorption and, hence, the potential importance of 
this route of exposure is infuenced by chemical properties of the food particles and the tested CEC. 
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variety of chemicals in commerce (Chapman 2006, 
Howard and Muir 2010, Howard and Muir 2011, 
UNEP 2010), including pharmaceuticals, veterinary 
drugs, personal care products, fame retardants, 
surfactants, plasticizers, hormones, fragrances, 
new biocides, and other categories. Very few CECs 
are regulated with respect to their release into 
the environment (CECWG 2009), yet a very large 
number of these compounds (thousands) were 
specifcally designed to be biologically active. 

In comparison, with the exception of pesticides, 
legacy contaminants were designed for purposes 
other than biological activity.  Many legacy 
contaminants are compounds that are well-
characterized with respect to their ecotoxicity 
and fate, have been used and discharged to the 
environment for decades, and/or are no longer used 
in commerce but may persist in the environment 
at concentrations of concern.  Some examples 
are polychlorinated biphenyls (PCBs), dioxins, 
polycyclic aromatic hydrocarbons (PAHs), metals 
such as mercury, cadmium, and chromium, 
chlorinated pesticides such as DDT and its 
derivatives, and many others. The fate and effects 
of most legacy contaminants are well known, and 
many are known to be toxic. Many of these well-
studied legacy chemicals have been regulated for 
decades. Legacy contaminants are included in the 
U.S. Environmental Protection Agency (USEPA) 
Priority Pollutant List (USEPA 2016a), which is 
a priority subset of the USEPA “list of lists” of 
regulated hazardous substances (USEPA 2015a).  
Legacy contaminants are not included in the 
current report.  

Chemical ecological risk assessments (ERAs) are 
simplifed analyses of the potential for chemical 
impacts in complex ecological systems. In risk 
assessment, the word “risk” implies a quantitative 
estimate of the probability of adverse effects, given 
the exposures, while the word “hazard” implies a 
more qualitative potential to cause harm (Suter 
1993). In this sense, an assessment that is often 
called a screening level ERA (SLERA) is also 
known as an ecological hazard assessment (EHA), 
which is the term used throughout this document.  
The fsh ecotoxicity database, uncertainty factors, 
and screening values provided in this document 
were developed for use in EHAs concerning 
relative hazard to freshwater fsh from exposure to 
aqueous CECs. 

Historically, a number of screening values have 
been developed to satisfy federal or state statutory 
or regulatory requirements related to legacy 
contaminant levels in surface water (see Table 1-1).  
We refer to these values as regulatory SVs. Other 
screening values presented in Table 1-1 are non-
regulatory, which have been developed to provide 
additional, but unenforceable, guidance to ecological 
risk assessors with respect to hazard to aquatic 
organisms from contaminant exposures. 

The USFWS provides the CEC SVs in this 
document as guidance values for research and 
resource management decision-making and 
prioritization between alternative actions; the 
SVs provided herein are neither regulatory nor 
enforceable. 

1.3 Technical Background 

Methods for EHAs have been developed for both 
prospective (e.g., USEPA 2004, ECB 2003) and 
retrospective (e.g., USEPA 1997, USEPA 2001) 
scenarios. Prospective EHAs are conducted 
in advance of circumstances that may result in 
exposures of ecological receptors to contaminants or 
prior to measuring environmental concentrations of 
contaminants. Prospective EHAs make assumptions 
about potential environmental exposures, 
including the use of modeled concentrations. 
For example, prospective EHAs may be applied 
to screen new pesticides and other chemicals, 
before manufacturing, for their potential to cause 
negative ecological impacts (e.g., von der Ohe et 
al. 2011), to screen existing pesticides under new 
exposure circumstances (USEPA 2004), or to screen 
existing chemicals in commerce for monitoring 
prioritization (e.g., Arnot et al. 2006, Howard and 
Muir 2010, Howard and Muir 2011). Retrospective 
EHAs evaluate the potential for adverse effects in 
ecological receptors in locations where chemicals 
are already present in the environment (Suter 1993), 
usually at measurable concentrations. At hazardous 
waste sites, a retrospective EHA is often used to 
focus the chemical and spatial scope of remediation 
or future contaminant monitoring or other feld 
studies by screening chemicals and sampling 
locations for relative hazard potential to ecological 
receptors (USEPA 2001).  Retrospective EHAs are 
often used to identify locations, exposure pathways, 
and USEPA priority contaminants (or other 
regulated legacy contaminants) that pose negligible 
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risks (USEPA 1997) and thus can be deemphasized in 
the subsequent baseline ecological risk assessment. 

Classic elements of a chemical hazard assessment -
exposure assessment, toxicity assessment, and hazard 
characterization (Figure 1-1) – are shared among EHA 
applications used by various environmental agencies. 
Specifc terminology varies between environmental 
agencies, but concepts are similar.  A common 
technical thread tying the four elements together is 
the development of a conservative estimate of relative 
hazard based on a comparison (usually the ratio) 
between exposure and an exposure-effects threshold. 
Exposure is represented as either a predicted 
or measured metric, such as probable exposure 
concentration (PEC), maximum or mean exposure 
point concentration, or body burden. Predicted 
threshold levels of toxicity may be either protective of, 
or suggestive of, adverse effects  - such as, probable 
no-effect concentration (PNEC), toxicity reference 
value (TRV), ambient water quality criterion (AWQC), 
or ecotoxicity threshold (ET) (see Table 1-1).  Units of 
the exposure and toxicity metrics must be the same, 
resulting in a unitless hazard quotient. Conceptually, 
the simplest hazard quotient compares measured 
environmental concentrations (e.g., mean, maximum) 
against a toxicologically relevant threshold level of 
exposure in the same medium. 

This document provides a detailed description of CEC 
screening values (SVs) for aquaeous exposures. It 
is Part B of a two-part series.  The frst document 
(Part A) is an EHA concerning the potential for 
CEC impacts to Great Lakes fsh, which refers to 
this document (Part B) for details on the Toxicity 
Assesment. We defne SVs as estimated concentrations 
of chemicals in water that demarcate our expectations 
about adverse effects in target biota. Emerging 
contaminant SVs are derived by applying uncertainty 
factors (UFs) to effect concentrations provided in 
a CEC Fish Ecotoxicity Database.  The database, 
UFs, and SVs are introduced briefy in the following 
sections. 

1.4 Effects Databases 

Our process of deriving screening values began with 
a comprehensive compilation of published laboratory 
studies on CEC effects in fsh. In published fsh 
CEC assays, aqueous exposure assays predominate. 
Publications were sought that concerned fsh 
ecotoxicity in 25 CECs that were among the most 
frequently detected in water samples collected across 
the Great Lakes Basin during 2010-2012 in the 
USFWS Great Lakes CEC project (Attachment 1-1; 
Choy et al. 2017). 

Four separate databases of CEC effects information 
in fsh were compiled from the literature. These 
are described in detail in the following sections of 
this document. The principal database is the CEC 
Fish Ecotoxicity Database, which was structured 

to generate SV point estimates from CEC effect 
concentrations (Lowest Observed Adverse Effect 
Concentrations (LOAECs) and No Observed Adverse 
Effect Concentrations (NOAECs)) (see Chapter 2). 
The other three databases are structured to derive 
empirical uncertainty factors (UFs) (see Chapter 
3): Chemical Complexity UF (UFCC); Inter-Species 
Sensitivity UF (UFInter); and Intra-Species Sensitivity 
UF (UFIntra). 

All four of these databases are in Microsoft Excel 2010 
fat fle format. 

1.5 Uncertainty Factors 

Screening EHA applications commonly include an 
explicit, quantitative or quasi-quantitative, accounting 
for one or more sources of uncertainty.  These sources 
of uncertainty are associated with extrapolations of 
laboratory experimental exposure-effect results to 
expectations of effects under feld conditions (e.g., 
USEPA 1997).  Sources of uncertainty in EHAs 
involving legacy contaminants have been reviewed in 
the literature (e.g., Chapman et al. 1998, Duke and 
Taggart 2000), but UF values for deriving SVs for 
CECs have not yet been described for applications in 
the U.S. This distinction will be discussed further in 
Chapter 3. 

Chapter 3 describes the rationale, derivation process, 
and application guidance for six sources of uncertainty 
that were accounted for to derive CEC SVs: 

1. Chemical Complexity (aka Mixture) –
empirically derived (Section 3.2)

2. Inter-Species Sensitivity – empirically derived
(Section 3.3)

3. Intra-Species Sensitivity – empirically derived
(Section 3.4)

4. Exposure Duration – professional judgement
based on literature (Section 3.5)

5. Effect Concentration (LOAEC-to-NOAEC)
Extrapolation – professional judgement based
on literature (Section 3.6)

6. Database Adequacy – professional judgement
based on literature (Section 3.7)

The sixth UF, Database Adequacy, is applied at a 
different point in the process than the frst fve UFs 
listed above, which comprise the Cumulative UF (see 
Figure 1-2).  The concept of Cumulative Uncertainty is 
explained in Section 3.8. Finally, Section 3.9 introduces 
the concept of a Modifying Factor (MF).  The MF 
was not used to derive any SVs in this report, but 
practitioners may use an MF to further adjust SVs 
based on their specifc application. 

1.6 CEC Screening Values 

Screening values are estimated concentrations of 
chemicals in water that delineate our expectations 
about adverse effects in target biota. Pairs of SVs 
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were developed for CECs that were detected 
frequently in U.S. Great Lakes Basin surface waters 
(see Chapter 4). One of the SVs identifes a level of 
exposure below which negligible hazard to fsh is 
expected (i.e., the SV is protective against adverse 
effects), and the other SV indicates a level of 
exposure above which there is a reasonably high 
expectation of hazard (i.e., the SV is suggestive of 
adverse effects). These are SVLOW and SVHIGH, 
respectively.  Concentrations falling between the SVs 
represent an intermediate but less certain hazard 
level; an absolute toxicity threshold likely falls 
between the SVLOW and SVHIGH, but its specifc value 
is unknown and likely varies with receptor and 
exposure conditions. The pair of SVs effciently 
summarizes relevant information contained in the 
CFED for the purpose of scoring relative hazard, and 
ultimately for ranking hazard among sampled sites 
and among CECs. The companion document (Part A) 
provides a detailed example of application of SVs in 
an ecological hazard assesment. Further, for each 
CEC, two sets of SVs were derived for EHA 
applications – the frst set of SVs focuses on 
conventional

population-relevant effects, and the second set of SVs 
is comprehensive, utilizing all available effects 
information (Figure 1-2).  

Population-relevant effects of CEC exposure that are 
observed in closed laboratory assays are likely not 
the same as those occurring in the open environment, 
where immigration, emigration, compensatory 
reproduction, multiple stressors, and other factors are 
also infuencing population dynamics. Yet, ecotoxicity 
assay results provide a reasonably reliable foundation 
for describing the degree to which individual CECs 
(or specifc CEC mixtures) may affect population 
parameters. 

A variety of ecotoxicological benchmarks have been 
developed for legacy contaminants under various 
programs and for various regulatory applications 
(Suter 1996, DOE 1996). Table 1-1 compares 
features of existing surface water SVs, mostly for 
legacy contaminants, against USFWS SVs for CEC 
exposures in fsh. 

Figure 1-1. Classic elements of a chemical ecological hazard assessment 
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Figure 1-2. Summary diagram illustrating inter-relationships among the three tool sets developed in this 
project for CEC toxicity assessment in fsh EHAs: CEC ecotoxicity databases, uncertainty factors, and 
screening values for CECs in water.  Database elements related to empirical uncertainty factor derivation 
are shaded. 
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Chapter 2 - CEC FISH ECOTOXICITY DATABASE 

2.1 Introduction 

A CEC Fish Ecotoxicity Database (CFED) was 
developed for deriving SVs for surface water CEC 
exposures in fsh. Information for the database 
was extracted from the primary literature rather 
than relying on data reported in secondary sources.  
Primary publications were identifed using the USEPA 
ECOTOX database (USEPA 2016c) and the National 
Library of Medicine (NLM) TOXLINE database 
(NLM 2016). Additional primary sources were 
identifed using Google Scholar and bibliographies in 
retrieved publications. 

The purpose of the CFED is to support development of 
CEC-specifc pairs of SVs for ranking relative hazard 
in fsh from aqueous CEC exposures. The structure 
of the database leads directly into the approach to 
derive SVs. Details on SV derivation are provided in 
Chapter 4. The frst step in the SV derivation process 
is to develop a set of CEC-specifc SV point estimates 
derived from effect concentrations reported in each 
CFED record (Figure 2-1). 

2.2 Literature Inclusion Criteria 

This section describes quality assurance guidelines to 
ensure consistent data acquisition procedures and data 
quality.  Contents of the current version of the CFED 
include assays with the following attributes: 

• Receptor Group: Fish species that live at
least part of their life cycle as facultative or
obligate freshwater habitat residents.

• Chemical Scope: Database contents are limited
at this time to information on commonly
detected CECs (Choy et al. 2017; (Attachment
1-1) for which ecotoxicity information in the
peer-reviewed literature was suffcient to
derive a pair of SV values (see Chapter 4).

• Ecotoxicity Study Design: Only laboratory
experiments that included a negative (water
and/or vehicle) control group were included,
as appropriate.

• Exposure Duration:  Studies in which fsh were
continuously or repeatedly (i.e., renewal)
exposed to CECs for subchronic (7 to 28
days) or chronic (>28 days) exposure durations
were included, as well as studies where the
exposed life stage or measured effect endpoint

occurs for a shorter duration.  The rationale 
for duration categories is provided in Section 
3.5 – Exposure Duration. 

• Exposure Complexity: Single-CEC exposures,
only.

• Exposure Route: Only in vivo exposure
studies are included.  Aqueous exposure to
CECs (concentration in water is reported as
the exposure metric), which includes:

o Direct uptake from water via the gills,
or integument

o Incidental ingestion of water, and
o Incidental ingestion of CECs adhered

to food, in longer studies that include
feeding the fsh.

• Effect Concentration:  Effect concentrations
included in the CFED are the following:
bounded LOAEC, bounded NOAEC,
unbounded LOAEC, unbounded NOAEC,
bounded LOEC, unbounded LOEC, bounded
NOEC, or unbounded NOEC (see defnitions
in Section 2.4.1). These effect concentrations
were identifed from reported statistical
comparisons against a negative control group.
If included in the study design, a vehicle
control group was the preferred negative
control. Otherwise, a water negative control
group was used. Only LOAEC and NOAEC
values were used to derive SVs. Measured and
nominal test concentrations were identifed
in separate felds; measured values were used
preferentially to derive SVs. See Section 2.4
for Effect Concentration defnitions and
rationale.  See Section 3.6 for incorporation
of nominal/measured concentration distinction
into uncertainty factors.

• Effect Category: Only effect categories
described in Section 2.5 and Attachment 2-1
were entered into the database. Lists of
specifc endpoints evaluated in studies included
in the database are provided in CEC-specifc
sections in Chapter 4 (Sections 4.4.1 – 4.4.14).

• Publication Type:  With very few exceptions
(that were identifed in the database), only
primary publications in peer-reviewed
journals reporting quantitative empirical
results from controlled experiments were
included.  No modelled effects data were
included.

• Publication Language:  English, only.
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• Publication Date:  The current version of
the database includes primary literature
located in database searches conducted
through July, 2016; any studies published prior
to that date, that satisfy the constraints listed
above, were considered.

2.3 CEC Fish Ecotoxicity Database Structure 

The CFED is an Excel spreadsheet in fat-fle format 
(MS Excel v. 14.0.7172.5000 (32-bit)).  Database 
information is organized into fve groups:  Reference, 
Chemical, Receptor, Exposure, and Effects.  

The following list identifes the felds included in each 
group; groups and felds are presented in the database 
in this order: 

Reference Information 
• Primary Author, Last
• Primary Author, First
• Other Authors, Last (List)
• Year
• Full Title
• Full Citation
• Keywords as Indicated in Publication
• Peer-reviewed (P) or gray (G) literature

Chemical Information 
• Common Chemical Name
• CAS Number
• CEC Category
• Exposure Medium

Receptor Information 
• Target Taxa
• Species Common Name
• Scientific Name
• Ecological System
• Life Stage(s) of Exposed Fish
• Sex of Exposed and Evaluated Fish
• Residence in Great Lakes Basin

Exposure Information 
• Exposure Location (Lab, Mesocosm)
• Single Chemical Exposure (Y/N)3 

• Mixture Exposure (Y/N)
• Nominal Exposure Concentrations – List
• Mean Measured Exposure Concentrations –

List
• Reported Exposure Concentration Units
• Exposure Concentration Notes
• Exposure Duration
• Reported Exposure Duration Units

Effect Information 
• LC50 or EC504 

• LOEC
• NOEC

• LOAEC (unbounded)
• LOAEC (bounded)
• NOAEC (bounded)
• NOAEC (unbounded)
• Frank Effect (Y/N)
• Multiple Stressor Study (Y/N)5 

• Population-Relevant6 Endpoint(s) (Y/N)
• Effect Category
• LOAEC Effects Observed and NOAEC

Effects Reported 
• LOEC Effects Observed

2.4 Guidelines for Effect Concentration 

An effect concentration is a concentration in water 
that is associated with a particular response level 
reported in a publication for a specifc effect endpoint. 
Effect concentrations for both adverse and other effect 
endpoints are recorded in the database. Adverse 
effect concentrations (LOAECs and NOAECs) are the 
starting points for SV derivations. 

2.4.1 Effect Concentration Defnitions 

Working defnitions for specifc effect concentrations 
to represent published data consistently in the CFED 
are the following: 

• Lowest Observed Adverse Effect Concentration
(LOAEC) is the lowest concentration tested in
a controlled laboratory study at which an adverse
effect was statistically signifcantly greater (i.e.,
worse, in terms of adverse effect prevalence or
intensity) than the same effect in the control
group.  “Adverse” effects are direct negative
impacts either to the health and survival of the
exposed fsh itself (e.g., oxidative stress, serum
hormone levels, renal necrosis, reduced predator
avoidance, aberrant growth and development,
or mortality) or the function of the individual in
propagation (e.g., reduced gamete viability,
reduced nesting rates, reduced hatching rates, or
increased malformations in offspring).

 3Although only single-chemical exposure studies are included in this version 

of the database, mixture studies may be added in subsequent versions. 
4No acute toxicity information is included in this version of the database, but 

may be in later versions. 
5Neither mixture study data, nor information concerning non-chemical 

stressors, are currently included in the database, although the database may 

include those types of results in the future. 
6The term “population-relevant” here does not refer to attributes of 

populations, such as intrinsic rate of increase or fnite rate of increase. 

Rather, it simply means that at least one of the effect endpoints (all of 

which are measured at the individual fsh level of organization) that are 

associated with the effect concentration is readily interpretable with respect 

to population modeling (see Section 2.5). Population-relevant endpoints are 

described in Figure 2-2 and in Attachment 2-1. 
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o An “Unbounded” LOAEC is the lowest
tested concentration at which adverse
effects were demonstrated by statistical
comparison to controls, and it is the
lowest test concentration in the study.

o A “Bounded” LOAEC is the lowest
tested concentration at which adverse
effects were demonstrated by statistical
comparison to controls, but there were
lower concentrations tested in the
study at which no adverse effects were
demonstrated statistically.

o LOAECs are assigned by Effect
Category in each study, not for each
individual adverse effect endpoint.
For example, one publication
may provide LOAEC values for several
adverse reproductive endpoints for
a given CEC, but only the lowest
LOAEC among those endpoints is
recorded in the CFED. The word
“Reproductive” would be entered
into the Effect Category feld for that
record, and the numeric value of the
lowest LOAEC among the reproductive
endpoints is entered into the
appropriate feld. The breadth of
specifc endpoints and exposure
constraints that defne each Effect
Category are defned in Attachment 2-1.

o The following exceptions in assigning
LOAECs were used:
• Some CECs may have non-

monotonic, non-linear exposure-
response curves.  We accounted
for this possibility as follows.  Even
if a statistically signifcant
difference from the control is
observed at a particular exposure
concentration, no LOAEC is
identifed if no signifcant adverse
effects were observed for the same
endpoint at any higher exposure
level.

• A LOAEC may be identified even
in the absence of tabulated or
graphical statistical comparisons to
controls.  The authors may either
identify an effect concentration
in the text or report a statistically
signifcant trend in response on
exposure.  Also, a graph that
does not identify statistically
signifcant differences among
groups still may be confdently
interpreted by inspection to
illustrate a signifcant difference -
for example, differences that may
be visually conveyed by inspection

of error bars, intercepts, and 
reported slopes. 

• No Observed Adverse Effect Concentration
NOAEC) is the highest concentration
tested in a study at which no adverse effects
could be demonstrated by statistical
comparison to a control group. As with
LOAECs in the database, only one NOAEC
may be identifed for an Effect Category in a
given study.  The breadth of endpoints and
exposure constraints that defne each Effect
Category are defned in Section 2.5 and
Attachment 2-1.

o An Unbounded NOAEC is the highest
tested concentration, where no adverse
effect is demonstrated at any exposure
concentration by statistical comparison
to a negative (vehicle and/or water)
control group.

o A Bounded NOAEC is the highest
exposure concentration at which no
effects were observed, where the next
higher exposure concentration is the
corresponding Bounded LOAEC.

• Bounded and Unbounded No Observed
Effect Concentrations (NOECs) and Bounded
and Unbounded Lowest Observed Effect
Concentrations (LOECs) are similar to the
NOAECs and LOAECs, except that the
endpoints evaluated are provisionally
considered to be not “adverse”.
For instance, effects not recorded as adverse
in the database include (but are not limited
to) the following: enzyme activation, altered
hepatosomatic index, reduced RNA
transcription, reduced mRNA expression, and
increased gene expression. Some effects
that were not recorded in this evaluation
as adverse may in fact be linked to clearly
adverse effects via an adverse outcome
pathway, but the strength of linkage to an
adverse outcome is not clear.  Other effects
recorded as NOECs and LOECs may be
regarded as indicators of exposure rather than
indicators of toxicity.  See Attachment 2-1 for
further discussion of the distinction between
adverse and other effects, as well as
designations by effect category.

• ECx7  (e.g., EC5, EC20, EC50) identifes an
estimated exposure concentration (EC) that would
result in specifed adverse effects in “x” percent of
exposed individuals.

o The LCx is a special case of an ECx,
where the effect endpoint is lethality.

o Calculation of an ECx/LCx requires
measured responses at multiple
measured exposure concentrations.

7ECx and LCx values are effect concentrations usually computed from results of acute exposure studies.  While none of these values are included in the 

current version of the fsh ecotoxicological database, their defnitions are included here for completeness. 
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2.4.2 Rationale for Effect Concentrations 

For decades there has been discussion in the 
ecotoxicity literature advocating the abandonment of 
effect concentration metrics that rely on statistical 
hypothesis testing to identify LOAEC/LOEC and 
NOAEC/NOEC values (e.g., Chapman and Caldwell 
1996, Jager 2012, Kooijman et al. 1996, Laskowski 
1995). A key objection to the use of NOAEC/NOEC 
values is that even though the difference in effect 
magnitude may not be statistically signifcant between 
an exposure group and a negative control (which is 
more likely to occur as sample size decreases and/or 
variance increases), it does not mean that a signifcant 
biological effect has not occurred due to contaminant 
exposure. Others have proposed a transition to 
different metrics based on empirical models. For 
example ECx values, which are effect concentrations 
(EC) associated with specifc response percentiles 
(x), are estimated from regression analysis of a given 
effect endpoint (e.g., Hanson and Solomon 2002, 
Hoekstra and Van Ewijk 1993, Landis and Chapman 
2011, van der Hoeven et al. 1997, Warne and van Dam 
2008). 

Despite the interest among many ecotoxicologists 
to move beyond statistical hypothesis-based effect 
concentration metrics (LOAEC/LOEC and NOAEC/ 
NOEC) we have compiled these metrics in the CFED 
and utilized LOAEC/NOAEC values in SV derivations. 
We chose this approach based on the following 
pragmatic reasons: 

• A vast majority of studies published in the
primary literature on emerging contaminant
effects in fsh report results of statistical tests
for differences in response between various
exposure levels and a negative control, by effect
endpoint, generating LOEC/LOAEC and/or
NOEC/NOAEC values.

• Studies that report ECx values for effects after
chronic exposures in fsh are rare, and different
studies do not necessarily report ECx values at
the same response percentile (x).

• Studies published in journals typically do not
report regression equations appropriate for
estimating ECx values or supply supporting
fles with the original datasets from which to
derive regressions.

• Acquiring original datasets, acquiring
permission to use the data, and performing
regression analyses for each endpoint in each
study in the CFED would require a
prohibitively massive effort that has precluded
systematically contacting individual authors
for their datasets.

2.4.3 Assigning Effect Concentrations 

Both nominal and measured exposure levels were 
recorded in the CFED, but measured concentrations 
were used preferentially as the Effect Concentrations 
to derive SVs. Nomimal concentrations were used as 
Effect Concentrations only when measured exposure 
levels were not reported. Uncertainty associated with 
the use of nominal concentrations to derive SVs was 
addressed in the Effect Concentration Uncertainty 
Factor (Section 3.6).  Modeled effect concentrations 
were not included in the database or in SV derivations. 

The CFED records are uniquely distinguished 
among each other by Reference, Chemical, Receptor, 
Exposure, and Toxic Effects information (Section 2.3; 
Figure 2-1).  Individual publications are identifed by 
the reference felds. The study design is comprised 
of the chemical, receptor, and exposure felds.  Study 
results are captured in the effects felds, including 
Effect Concentrations. A single publication may 
report results from multiple assays with different 
study designs and effects, resulting in several CFED 
records (see Figure 2-1). 

Effect Concentrations from a specifc publication/ 
study design are recorded in the CFED according to 
the following guidelines: 

• Either one or two records exist in the database
for each Effect Category reported from an
individual publication/study design.

• For a given Effect Category in a given
publication/study design, Effect
Concentrations for endpoints not explicitly
identifed as adverse (i.e., LOEC and/or
NOEC) are provided in a record separate from
that recording the adverse Effect
Concentrations.

• All of the adverse endpoints for a single Effect
Category from a given publication/study
design are presented in a single record, and
the lowest LOAEC among the grouped
endpoints is provided in that record.

o If the LOAEC is bounded, then the
corresponding bounded NOAEC for
that endpoint is also reported in the
same record.

o If no LOAEC is available for a given
Effect Category with effect endpoints
that were evaluated in the publication/
study design, then the highest
unbounded NOAEC among the
endpoints evaluated is recorded in the
database for that Effect Category.

Under certain circumstances, an Effect Concentration 
of an endpoint that is not designated as a population-
relevant Effect Concentration may have been used as 
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a proxy for a population-relevant Effect Concentration 
to derive population-relevant SV point estimates (see 
Figure 2-2 for population-relevance concept).  In these 
cases, a suborganismal LOAEC may be antecedent to 
population-relevant effects within an adverse outcome 
pathway.  For instance, a LOAEC in an adverse endpoint 
that is not considered population-relevant 
(e.g., altered serum reproductive hormone levels) may 
be an indicator of related but not statistically signifcant 
population-relevant effects (e.g., reduced egg production 
per female). 

Only adverse Effect Concentrations (LOAECs or 
NOAECs) were used in the derivation of SV point 
estimates, and a single CFED record may contribute 
Effect Concentrations toward derivation of up to four 
types of SV point estimates (see Section 4.3.2; Figure 
4-2): population-relevant SVHIGH, population-relevant
SVLOW, comprehensive SVHIGH, and comprehensive 
SVLOW.

2.5 Guidelines for Effect Categories and Assigning 
Population-relevance to Effect Endpoints 

Each effect concentration in the database is associated 
with one effect category.  Effect categories include 
Behavioral, Developmental, Growth, Reproductive, 
and other groupings of effect endpoints. Guidelines 
were developed to ensure consistent assignment of 
study results to effect categories, and to assist database 
users with locating information in the database.  The 
guidelines, provided in Attachment 2-1, are aligned with 
common human health and ecological effects terminology. 

Consistent application of the effect category guidelines 
is important for consistent SV derivations. Effect 
category is one of the felds that differentiates between 
database records. At least one SV point estimate 
was generated for each CFED record that reports 
either a LOAEC or NOAEC. No SVs were derived 
from NOECs or LOECs. See Chapter 4 for details on 
deriving SV point estimates from effect concentrations. 

The distinction between population-relevant and 
comprehensive SVs is based partly on the Effect 
Category feld (Figure 1-2; Figure 2-2).  See 
Attachment 2-1 for more detail and rationale for effect 
endpoints that we designated as population-relevant. 

The number of effect categories represented in the 
CFED for a given CEC also provides a gross indication 
of the adequacy of the database for that CEC. Values 
of the Database Adequacy UF are assigned  based 
on the premise that the greater the number of effect 
categories, the greater confdence that critical effect 
concentrations for the CEC are identifed. For each 
CEC, effect-specifc SVs were derived that may 
be used for custom hazard assessments in which 
only certain categories of effects are of interest (see 
Section 4.3.3). Effect-specifc SVs are the inputs to 
deriving CEC-specifc mean SVs (see Sections 4.3.4 and 
4.4). The Database Adequacy UF is used during 

the calculation of mean SVs from effect-specific SVs. 
Tables 3-16 and 3-17 provide the basis for assigning the 
Database Adequacy UF - a breakdown of numbers of 
records in the database that were used to derive SVs, by 
CEC and Effect Category. 

2.6 Database Applications 

The principal purpose of the CFED is to summarize 
CEC ecotoxicity information from the peer-reviewed 
literature, organized to facilitate derivation of CEC 
SVs. Database records are uniquely distinguished 
among each other by Reference, Chemical, Receptor, 
Exposure, and Toxic Effects information (Figure 2-1). 
The database structure leads directly into the frst step 
in SV derivation, which is to produce a distribution of 
SV point estimates for each CEC. The CFED includes 
adverse (LOAEC/NOAEC) and other (LOEC/NOEC) 
effect concentrations from a single assay in separate 
database records.  Although, only effect concentrations 
for adverse effect endpoints (LOAECs/NOAECs) are 
used to compute SV point estimates.  All of the adverse 
effect data related to one Effect Category from a single 
published assay is summarized in one CFED record. 

Population-relevant adverse effect concentrations 
(Figure 2-2, Attachment 2-1) are used to develop both 
population-relevant and comprehensive SVs. A single 
CFED record may contribute between one and four 
SV point estimates, depending on the Effect Category 
and type(s) of effect concentration reported in that 
record (Table 2-1). For instance, if a bounded LOAEC/ 
NOAEC pair is recorded in a CFED record for a 
population-relevant adverse effect endpoint, that record 
produces four SV point estimates: population-relevant 
SVLOW and SVHIGH, and comprehensive SVLOW and 
SVHIGH (see Figure 4-2).  However, for CFED records 
with Effect Concentrations representing other adverse 
effect endpoints, only comprehensive SVLOW and/or 
comprehensive SVHIGH point estimates may be derived. 

The database is also useful as a quick reference for 
researchers and resource managers who seek fsh 
toxicity information for CECs. 

2.7 Quality Assurance/Quality Control 

We relied on the scientifc peer-review process to vet the 
quality of published information that we summarized 
in the CFED. All data included in the database were 
obtained from peer-reviewed publications (with rare 
exceptions, which were noted and justifed). Data entry 
from published papers followed consistent guidelines. 
Where interpretation of published information was 
required, explicit guidance was provided both for 
consistent data entry and for quality control – for 
example, see guidance provided in Sections 2.4 and 2.5, 
and Attachment 2-1.  Iterative reviews of the accuracy 
of the database were conducted following data entry. 
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Other Adverse 
Endpoints 

Examples: 

“Population-relevant” 
Endpoints 

Less easily modeled More easily modeled 

Endocrine/Hormone (non-reproductive) 
Genotoxicity 
Gross Pathology (non-reproductive) 
Histopathology (non-reproductive) 
Immunological 
Neurological 
Physiological/Metabolic 

Examples: 
Behavioral Behavioral 

Reduced mating success Light-dark preference 
Decreased predator avoidance Righting reflex 
Decreased prey capture rate Developmental 

Developmental Altered embryo heart rate 
Reduced hatching success Altered metabolic rate in larvae 
Altered sex ratio Reproduction 
Prevalence skeletal malformations Altered ovary or testicle size 

Mortality Altered secondary sex characteristics 
Reproduction 

Reduced egg production Endpoints in these Effect Categories: 
Reduced fertilization success Circulatory/Blood Constituents 

Figure 2-2. Schematic illustration of designation of “population-relevant” effect endpoints. We defned population-
relevant effect endpoints as those effect data that are readily incorporated into a quantitative, mechanistic 
population dynamics model. Derivation of “population-relevant” SVs used population-relevant endpoints, while 
derivation of “comprehensive” SVs included all adverse endpoints (both population-relevant and other). 
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Table 2-1. Types of Screening Value point estimates produced from specific combinations of effect endpoint 
(Section 2.5; Attachment 2-1) and effect concentration (Section 2.4) reported in individual records of the CEC 
Fish Ecotoxicity Database (CFED). 

Type of Effect Endpoint Type of Effect 
Concentration Type(s) of SV Point Estimate(s)8

Unbounded 
NOAEC 

Population-relevant SVLOW 
Comprehensive SVLOW 

Population-relevant 
Adverse Effects 

Unbounded 
LOAEC 

Population-relevant SVLOW and SVHIGH 
Comprehensive SVLOW and SVHIGH 

Bounded 
NOAEC/LOAEC 

Pair 

Population-relevant SVLOW and SVHIGH 
Comprehensive SVLOW and SVHIGH 

Population-relevant 
Other Effects 

NOEC and/or 
LOEC None 

Unbounded 
NOAEC Comprehensive SVLOW 

Non-Population-relevant 
Adverse Effects 

Unbounded 
LOAEC Comprehensive SVLOW and SVHIGH 

Bounded 
NOAEC/LOAEC 

Pair 
Comprehensive SVLOW and SVHIGH 

Non-Population-relevant 
Other Effects 

NOEC and/or 
LOEC None 

8Although the NOAEC is the principal toxicological basis for deriving SVLOW values, SVLOW point estimates were also derived from Unbounded 
LOAEC values by applying an uncertainty factor to adjust the effect concentration (UFConc) to obtain an estimated NOAEC (refer to Section 3.6). 
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Chapter 3 - UNCERTAINTY FACTORS for 
EMERGING CONTAMINANTS 
3.1 Purpose and Background 

The purpose of this chapter is to provide rationale, 
derivation methods, application guidance, and numeric 
values for the uncertainty factors (UFs) that were 
used to derive CEC SVs. Uncertainty factors were 
used to adjust laboratory CEC effect concentrations 
(NOAECs, LOAECs) to estimate an environmental 
CEC water concentration with comparable effect 
levels in sensitive target species and life stages. The 
role of UFs in development of population-relevant SVs 
and comprehensive SVs is depicted in Figure 
1-2. Practitioners may apply the full set of UFs and
guidelines reported in this chapter to derive SV point
estimates for additional CECs.

Assessment of chemical impacts to ecological receptors 
in dynamic environmental exposure scenarios 
requires simplifying assumptions in order to maintain 
tractability of the problem. In aquatic systems there 
are typically many possible receptor species, with 
widely divergent life histories, which may be directly 
affected by chemical exposures. Each potential 
receptor species may also be indirectly impacted 
via contaminant-caused alterations in the food web, 
habitat, or other critical aspects of the receptors’ 
aquatic ecosystem. There are often numerous 
chemical contaminants, multiple sources of chemical 
contamination, and contaminants having varying 
rates of degradation and bioaccumulation, and that 
partition differently between aquatic media. Hence, 
each potential receptor population is usually exposed 
via multiple exposure pathways to a complex mixture 
of chemicals. 

The totality of chemical exposures cannot be known, 
since standardized analytical methods do not exist for 
the vast majority of probable contaminants (and their 
metabolites and degradation products). In aquatic 
systems, exposure levels vary spatially and temporally, 
and uptake varies among receptor organisms and 
environmental conditions. Depending on the mobility 
and life history of potential receptors relative to the 
spatial distribution of toxic contaminants, receptors 
may be exposed episodically for only a few brief 
periods, continuously or repeatedly throughout their 
lifetime, or over many generations. 

Non-toxic stressors (e.g., water temperature, 
suspended sediment, dissolved oxygen, pH, nutritional 
defciencies, and predation) are also continuously 
affecting organisms directly.  Aquatic environment 
factors such as dissolved oxygen concentration, water 
temperature, and salinity have been shown to modify 
contaminant uptake or susceptibility of receptors to 
effects from chemical exposure, including CECs (e.g., 
Matson et al. 2008, Park et al. 2011, Waring and Moore 
2004). Non-chemical stressors may vary widely, 
particularly in the gradients upstream to downstream 
of urban areas, or in temperate zones with large 
seasonal changes. 

In contrast to the complexity of real aquatic systems, 
reliable lab-based ecotoxicological information is 
limited to effects from a very small fraction of possible 
chemical contaminants – usually a single contaminant -
in relatively few receptors, and within a physiologically 
favorable, controlled range of non-contaminant 
stressor conditions. Further, toxicity assessments 
in screening level EHAs for legacy contaminants 
typically utilize criteria, standards, or other toxicity 
screening values that were derived using organismal 
(individual) level data9 reported in lab studies, but 
practitioners are often concerned with the potential 
for impacts to wild populations. 

Clearly, there is uncertainty as to the direct relevance 
of laboratory-derived aquatic ecotoxicological 
information to chemical impacts in real aquatic 
systems. When attempting to extrapolate from lab to 
real-world scenarios, uncertainty is often organized 
into categories, and UFs are developed for each 
category.  Simplifying assumptions are unavoidable in 
these extrapolations. 

9Assessment endpoints may be defned and quantifed at one or more 
ecological levels of organization: 

•	 individual organism (e.g., survival, age at sexual maturity,
physiological stress, immunological competence, 
hematological balance, etc.); 

• population (e.g., absolute or relative abundance, intrinsic or finite 
rate of increase, sex ratio, age distribution, life table structure, 
etc.). 
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3.1.1 Historical UF Use in Legacy Contaminant EHAs 

A variety of UFs have been used historically to derive 
ecological screening values for EHA applications 
at hazardous waste sites contaminated with legacy 
chemicals (e.g., USEPA’s priority contaminant list). 
Values of UFs depended on the specifc application 
(Table 3-1). 

Researchers have described the historical evolution 
of methods development in, and the experimental 
underpinnings of, UF applications in human health risk 
assessment (HHRA) for non-carcinogenic chemicals 
(e.g., Dourson and Stara 1983, Dourson et al. 1996, 
Dourson and Parker 2007, Simon et al. 2016).  As 
with other aspects of chemical risk assessment, the 
use of UFs in developing screening values for EHAs 
is patterned after the logic developed for HHRAs 
for legacy contaminants. Environmental regulatory 
agencies have provided guidance to account for various 
sources of uncertainty in EHAs involving contaminants 
(e.g., USEPA 1997, USEPA 2001). 

Types of extrapolation UFs include chemical complexity 
(UFCC), Inter-species extrapolation (UFInter), Intra-
species extrapolation (UFIntra), Exposure Duration 
(Acute to Chronic) (UFDura) and Effect Concentration 
extrapolation (LOAEC to NOAEC) (UFConc).  When 
more than one UF category has been addressed in an 
EHA, UF values have usually been multiplied together 
to represent cumulative uncertainty.  This method of 
combining sources of uncertainty is described in human 
health risk assessment guidance (USEPA 1989) and 
has been adopted as common practice in applied ERAs 
(Duke and Taggert 2000).  An implicit assumption 
in the multiplication of UF values is that sources of 
uncertainty are independent of each other.  An SV is 
computed by dividing an effect concentration (NOAEC 
or LOAEC) by cumulative uncertainty.  Dividing an 
effect concentration by the product of UFs is the 
equivalent of dividing the starting effect concentration 
by each individual UF, sequentially, as in: 

SV = (((((NOAEC / UFCC) / UFInter) / UFIntra) / 
UFDura) / UFConc) 

Thus, UFs have been used to adjust critical effect 
concentrations from lab studies into conservative 
estimates of effect concentrations in a real aquatic 
system, resulting in an SV value that is conservatively 
protective. 

3.1.2 UFs for CECs 

Many CECs, including a majority of those CECs 
that have been studied in fsh ecotoxicity assays 
reported in the literature, have been developed 

contaminants, for which strong biological activity is 
most often incidental to the purpose for which the 
chemical was designed – with the exception of legacy 
biocides such as DDT or Toxaphene.  It is plausible, 
therefore, that variability in response to contaminant 
exposure, and uncertainties in extrapolating from the 
lab to the environment, may differ between classic 
legacy contaminants and CECs. While UFs have 
been extensively applied in EHAs involving legacy 
contaminants (Table 3-1), UF values specifcally for 
deriving screening values for aqueous CECs have not 
been described by U.S. environmental agencies. 

We developed CEC UFs and suggested guidelines 
for the following sources of uncertainty related to 
extrapolating laboratory-derived effect concentrations 
to environmental exposures relevant intended for 
screening: 

• Chemical Complexity (UFCC) (Section 3.2) -
adjusts single-CEC effect concentrations
(LOAECs or NOAECs) in water that were
reported in a controlled laboratory study to an
exposure scenario involving the same CEC in a
mixture;

• Inter-Species Sensitivity (UFInter) (Section 3.3)
- adjusts a LOAEC or NOAEC from a
controlled laboratory study that tested for
effects in a single species to an estimated effect
concentration in a receptor species or group of
species that are more sensitive to the subject
CEC;

• Intra-Species Sensitivity (UFIntra) (Section 3.4)
- adjusts a LOAEC or NOAEC from a
controlled laboratory study that tested for
effects in one class of individuals within a fsh
species to an estimated effect concentration in a
more sensitive class of individuals in the same
species;

• Exposure Duration (UFDura) (Section 3.5)
- adjusts a LOAEC or NOAEC from a
controlled laboratory study that tested for
effects after acute or subchronic exposures to a
presumed equivalent effect concentration after
chronic exposure;

• Effect Concentration (UFConc) (Section 3.6)
- adjusts an unbounded LOAEC to an
estimated corresponding NOAEC for the same
CEC, endpoint, species, life stage, and
exposure route and duration, including
adjustment for nominal exposure
concentrations reported in lab studies;

• Database Adequacy (UFData) (Section 3.7) -
adjusts the mean SV for uncertainty associated
with limited quantity and breadth of reliable
and available ecotoxicity information

purposely to have strong biological activity.  These Derived UF point estimates, descriptive information 
Photo Credit: B. Thompson about source studies, and literature citations for sourceinclude pharmaceuticals, veterinary drugs, synthetic 

hormones, and new herbicides, fungicides, pesticides, data are tabulated in Attachments identifed in the 
and antimicrobials. This is in contrast to most legacy following sections. 23 



 

 
 
 
 

 

 

   

  

 
3.1.3 UF Usage for CEC SV Derivation 

Uncertainty factors were used to derive CEC SV 
point estimates. Each record in the CFED generated 
at least one SV point estimate (see Chapter 2). The 
CEC UFs we present in Chapter 3 were used to 
derive SV point estimates from effect concentrations 
(NOAECs or LOAECs) in each record of the CFED. 
We developed guidelines to assign a specifc numeric 
value for each type of UF, depending on the type of SV 
being derived (comprehensive or population-relevant) 
and/or the study design associated with the particular 
Effect Concentration. For instance, the numeric 
value of UFDura varies from 1 to 5 depending upon 
the exposure duration recorded in each record of the 
CFED. In the following locations, we present UF-
specifc guidelines for assigning particular UF values 
in each CFED record: 

• UFCC: Table 3-4 
• UFInter: Table 3-8
• UFIntra: Table 3-12
• UFDura: Table 3-13
• UFConc: Table 3-14

We applied our UF guidelines to assign a numeric 
value for all of these UFs to compute CEC SV point 
estimates in each record of the CFED. Separate 
sets of UFs were applied to derive the various types 
of SVs (Table 3-2).  Cumulative UF values (UF∏) 
were computed as the product of UFs associated with 
several sources of uncertainty (see Section 3.8). The 
UF∏ was used to adjust a CEC effect concentration 
(NOAEC or LOAEC) into a conservative estimate of 
Effect Concentration in a real aquatic system. These 
adjusted Effect Concentrations are SV point estimates 
(Figure 2-1; also see Figure 4-2).  

Two general types of SVs were derived using the 
fnal UFs presented in this chapter.  The SVHIGH 

values are CEC concentrations in surface fresh water 
above which there is an expectation of adverse effects 
occurring in freshwater fsh, while the SVLOW is a 
CEC concentration in water below which effects are 
not expected. The UFs used to derive SVHIGH point 
estimates (UF∏-High) were: Chemical Complexity, 
Inter-species Sensitivity, Intra-Species sensitivity, 
and Exposure Duration. The derivation of SVLOW 

point estimates (UF∏-Low) also incorporated the Effect 
Concentration UF (UFConc). Screening value point 
estimates are obtained by dividing the appropriate 
Effect Concentrations by cumulative UF values 
(Figures 1-2 and 2-1; also see Section 4.3.2): 

SVHIGH = LOAEC / UF∏-High 

SVLOW = NOAEC (or, unbounded LOAEC) / UF∏-Low 

Specific numeric UF values assigned to compute each SV 
point estimate are presented in Attachments 4-2A, 4-2B, 
4-2C and 4-2D, respectively, for population-

relevant SVHIGH, population-relevant SVLOW, 
comprehensive SVHIGH and comprehensive SVLOW 
values. 

3.1.4 Common Aspects of Empirical UF Derivation 

Suffcient information was located from controlled 
laboratory studies to derive empirically-based CEC 
UF values for Chemical Complexity, Inter-species 
Sensitivity, and Intra-species Sensitivity.  Sections 3.2, 
3.3, and 3.4, respectively, describe these UFs in detail, 
but their derivations included shared features, and 
these common aspects are discussed in this section. 

For each of the three empirical UFs, separate sets of 
UF values were developed that were used to derive 
“comprehensive” and “population-relevant” SVs for 
CECs. Derivation of     comprehensive SVs utilizes 
effect concentrations for all adverse effect endpoints 
reported in the literature, while population-relevant 
SVs are based only on data concerning population-
relevant adverse effect endpoints (see Figure 2-2 and 
Attachment 2-1 for explanation of the population-
relevance concept). This has resulted in several 
categories of empirical UFs (Table 3-2).  Distributions 
of UF point estimates were generated for each 
category, and fnal UF values for CEC SV derivation 
were estimated using specifc percentiles of these 
distributions. 

3.1.4.1 Empirical UF Database Contents 
and Point Estimate Derivation 

We developed databases of published information to 
compute UF point estimates for Chemical Complexity, 
Inter-species Sensitivity, and Intra-species Sensitivity 
sources of uncertainty.  While UFs are used to derive 
SV point estimates and the CFED includes fnal 
UFs in calculations of SV point estimates, these 
three empirical UF databases are distinct from the 
CFED. Their purpose was to document the data and 
calculations for empirical UF point estimates that we 
used to derive fnal empirical UF values. 

Empirical UF database records were comprised of 
exposure concentrations (and other study design 
data) and effect magnitudes from two parallel assays 
reported in a single published study.  The study 
designs of the paired assays differed principally 
with respect to a single comparison factor10. For the 
Chemical Complexity UFs, the comparison factor was 
type of chemical exposure, where one of the paired 
assays tested one CEC, while the other assay tested 
that same CEC in a mixture. For the Inter-species 
Sensitivity UF, paired assays differed only in the fsh 
species tested. Derivation of Intra-species Sensitivity 
UFs utilized information in paired assays that tested 
10Comparison factors: Chemical Complexity - single-CEC versus mixture 
exposure; Inter-species Sensitivity - fsh species; Intra-species Sensitivity 
– life stage or sex. 
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the same fsh species and CEC, but differed in the 
tested life stage or sex. 

Response magnitudes in treatment and control groups 
were recorded as mean responses (or median, if means 
were not reported). These values were obtained 
from tabulated summaries or estimated by visual 
inspection of graphs provided in the publications. For 
the Inter-species and Intra-species Sensitivity UFs, 
effect magnitude was adjusted to refect percent 
difference from a negative control. Adjustment of 
effect magnitude relative to the negative control 
was necessary because the different comparison 
groups (e.g., fathead minnows versus bluegill) had 
separate negative control groups that typically had 
different mean values. For example, the magnitude 
of mean growth metrics may differ between negative 
control groups for fathead minnows and bluegill, or 
between male minnow controls and female minnow 
controls. Where a solvent vehicle was used to enhance 
solubility of the subject CEC, the vehicle control was 
the preferred control group.  Otherwise, the water 
negative control was used. 

Percent difference from control was computed as: 

| [(response in treatment group) – (response in control 
group)] / (response in control group) | * 100% 

No adjustment of effect magnitude relative to control 
was necessary for the Chemical Complexity UF, 
because both the single-chemical and mixture assays 
reported in the same publication used the same 
negative control group. 

For a hypothetical example, suppose the response 
variable was number of eggs produced per female 
in a pair of parallel reproductive toxicity assays in 
two different species, reported in one publication as 
a single integrated study.  Suppose that for Species 
A, the mean responses in the treatment group and 
negative control group were 100 eggs/female and 1000 
eggs/female, respectively, and 50 eggs/female and 2000 
eggs/female for Species B. Then the effect magnitudes 
as percent difference from control would be: 

Effect Magnitude for Species A = 
[ | (100 – 1000) | / 1000 ] *100% = 90% 

Effect Magnitude for Species B = 
[ | (50 – 2000) | / 2000 ] * 100% = 97.5% 

For the Inter- and Intra-species Sensitivity UFs, UF 
point estimates were computed by comparing the 
effect per unit concentration (EPUC) at the LOAEC 
between the two parallel assays, where exposure and 
effect concentrations in both assays were reported in 
the same units. For the Chemical Complexity UF, the 
EPUC in the highest exposure groups of the single-
CEC and mixture assays were computed. Continuing 
the Inter-Species Sensitivity example above, suppose 
the LOAEC for Species A was 10 ug/L and the 
LOAEC for Species B was 0.5 ug/L. Then the EPUC 

at the LOAEC for Species A would be 90% ÷ 10 ug/L 
= 9, while the EPUC at the LOAEC for Species B 
would be 97.5% ÷ 0.5 ug/L = 195. The units for each 
EPUC are %-L/ug. 

The EPUC metrics for the paired assays were 
computed in each empirical UF database record. 
Finally, a UF point estimate was computed in each 
database record as the ratio of the EPUCs from the 
paired assays. Extending the hypothetical example 
above, the point estimate for Inter-species UF would 
be: 

Inter-species Sensitivity UF point estimate = 
195%-L/ug ÷ 9%-L/ug = 21.7 

Since units of EPUCs derived from a given study are 
identical, each UF point estimate is a unitless quantity. 
Databases of UF point estimates for Chemical 
Complexity (UFCC), Inter-species Sensitivity (UFInter) 
and Intra-Species Sensitivity (UFIntra) are presented 
in Attachments 3-2, 3-3 and 3-5, respectively.  

For a given effect endpoint it was not known, a priori, 
which tested class would be more sensitive to CEC 
exposure. But, for the purpose of deriving the UF 
point estimates, the question is, simply, by how much 
do the two assays differ? So, the greater EPUC 
value was always placed in the numerator, regardless 
which comparison class it is associated with, ensuring 
that all UF point estimates are ≥ 1. This manner of 
calculating UF point estimates accommodates the fact 
that effect magnitude may be positively or negatively 
related to adverse effect severity, depending upon 
the effect endpoint. For example, in a reproductive 
assay, increased embryo mortality corresponds with 
increased severity of effect (positive relation), whereas, 
declining number of eggs produced per female also 
corresponds with increasing severity (negative 
relation). 

The distribution of comprehensive UF point estimates 
from one of the empirical UF databases used all of 
the UF point estimates for all effect endpoints. The 
population-relevant UF point estimate distribution 
included only UF point estimates associated with 
population-relevant effect endpoints (see Figure 
2-2 and Attachment 2-1 for guidelines on assigning
population-relevance to effect endpoints).

3.1.4.2 Final Empirical UF Values 
as Distribution Percentiles. 

The purpose of deriving UF values for multiple 
sources of uncertainty is to apply them in deriving SVs. 
For each CEC, paired mean SVHIGH and SVLOW values 
were derived. The first step in developing the Mean 
SVs is to develop SV point estimate distributions (see 
Chapter 4). Uncertainty factors are applied in the 
denominator of SV point estimate calculations (refer to 
equations in Section 4.3.2). 
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Final empirical UF values were obtained as specifc 
percentiles of the UF point estimate distributions. 
Since the UF values are in the denominator of the SV 
calculations, higher percentiles of a given UF point 
estimate distribution would result in lower SVLOW 

point estimates (i.e., more protective). The smaller the 
SVLOW value, the greater our confdence that there is 
no hazard at environmental concentrations below the 
SVLOW. Hence, the 75th percentile of empirical UF 
point estimates was selected for computing SVLOW 

values. Conversely, using a somewhat lower percentile 
from UF point estimate distributions to calculate 
SVHIGH point estimates will increase confdence 
in those values (i.e., will produce higher SVHIGH 

values). The greater the SVHIGH value, the greater 
our confdence in assuming that hazardous impacts 
occur at environmental concentrations exceeding the 
SVHIGH. Hence, the 25th percentile of the UF point 
estimate distribution was used to calculate SVHIGH 

values. 

Since neither the mean SVHIGH nor the SVLOW is 
intended to be an absolute fish toxicity threshold, 
the use of extreme UF values was not considered. 
Extremely low UF values may result in excessively 
high SVHIGH values that are rarely exceeded by 
measured environmental concentrations. Likewise, 
extremely high UF values may result in excessively 
low SVLOW values that are lower than any measured 
environmental concentrations. Neither of these 
situations would serve the principal purpose of the 
CEC SVs, which is pragmatic applicability – such as 
ranking sampling sites, CECs, and sampling events 
over time, with respect to potential impacts in fsh (see 
Chapter 4) to inform resource management actions. 

Statistical Analysis Software (SAS v9.3 for Windows) 
PROC UNIVARIATE was used to compute 
percentiles of point estimate distributions. The 75th 

percentile of empirical UF point estimate distributions 
was selected as the fnal UF value to calculate SVLOW. 
The 25th percentile was used as the fnal UF value 
to compute the SVHIGH. Additional justifcations for 
using percentiles from UF point estimate distributions 
rather than extreme values include: 

• to acknowledge the possibility of UF database
errors (such as transcription or graph
interpretation error ) in records that report
UF values in the distribution tail, and

• to increase representativeness of the
selected UF values for the whole UF point
estimate distribution, rather than representing
a specifc endpoint in a single species in an
individual study that falls in the UF
distribution tail.

3.1.4.3 Publication Inclusion/Exclusion Criteria 

This section describes quality assurance guidelines 
related to data that were included in the empirical 
UF databases, which were used to develop fnal UF 
values for the Chemical Complexity, Inter-species 
Sensitivity, and Intra-species Sensitivity sources of 
uncertainty.  Criteria for lab studies included in the 
empirical UF databases were developed to minimize 
the effect of response variability - from sources other 
than the comparison factor - on UF point estimates. 
Appropriate published studies were initially identifed 
using the National Library of Medicine TOXLINE 
database (NLM 2016), USEPA ECOTOX database 
(USEPA 2016c), Google Scholar search engine, and 
the literature cited sections in literature reviews and 
primary literature. 

Publication inclusion/exclusion criteria that were 
common across the three empirical UF databases 
were: 

• Receptor Groups:  Fish species that live at
least part of their life cycle as facultative or
obligate residents of freshwater or brackish
habitats were included.

• Study Design: Only experiments that included
an negative control group (vehicle and/or water,
as appropriate) were considered.

• Exposure Duration:  Only studies that exposed
fsh to CECs for subchronic (7 to 28 days) or
chronic (>28 days) exposure durations were
included, except where the life stage (or effect
endpoint) necessitates considering a shorter
duration.  Rationale for the duration categories
is provided in Section 3.5 – Exposure Duration.

• Exposure Duration:
(a) Aqueous exposure to CECs11 

(b) Only in vivo studies are included.
• Effect Concentration and Magnitude:  Only

effect concentrations (LOAEC/LOEC and
NOAEC/NOEC) identifed in lab experiments
were used; no mesocosm data or modeled effect
levels were included. Measured concentrations
were preferred, but nominal concentrations
were accepted if measured concentrations
were not reported (see Section 3.6). Where
effect endpoint responses are reported only
graphically, and graphs were used to estimate
effect magnitude by visual inspection, both
the exposure concentration and response must
be graphed in unit scale (i.e., not log-scale or
any other transformation).  Both LOAEC
(adverse effect endpoints) and LOEC (other
effect endpoints) values were included in the
UF point estimate calculations, in order
to maximize the spread of the empirical UF

11 Here we are using the term “aqueous exposure” to indicate that the CEC was introduced to the experimental system by dissolving in the exposure 
water and exposure levels were defned in the study as different concentrations in water, rather than different concentrations in food.  While aqueous 
exposure may imply principally direct update via the gills and integument, we acknowledge that additional routes of exposure likely incidentally include 
ingestion of CECs in water or ingestion of CECs adhered to food in longer studies that include feeding the fsh. 

26 



 

point estimate distributions. 
• Effect Categories and Effect Endpoints:

Only effect endpoints that fell within categories
described in Attachment 2-1 were entered
into the database. From a given publication,
only one record for each unique effect endpoint
was entered into the database for each
comparison pair.  Since multiple endpoints may
be evaluated in a study, several comparison
pairs may be included from a single publication.
For example, a single publication may yield two
database records in the Chemical Complexity
database for a single endpoint, if that endpoint
is measured in two separate single-CEC assays
as well as the binary mixture assay of the two
CECs.  Both adverse and non-adverse
effect endpoints were included to develop
empirical UF values, in order to maximize the
spread of the distribution of UF values.

• Publication Type:  With few exceptions, only
primary publications in peer-reviewed journals
were included; any exceptions were noted in
the databases.

• Publication Language:  English, only.
• Publication Date:  The current version of

the databases includes all literature identifed
in bibliographic searches conducted through
July, 2016.

Comparisons across publications were not included in 
order to minimize extraneous and unknowable sources 
of error, such as may exist between laboratories and 
research teams, or between assays conducted at 
different times. 

3.1.5 Chapter Organization 

The next three sections in this chapter (Sections 3.2 
to 3.4) provide details on the derivation, values, and 
application of empirical UFs for Chemical Complexity, 
Inter-species Sensitivity, and Intra-species Sensitivity. 
Sections 3.5 through 3.7 provide application rules and 
numeric values for non-empirical UFs - Exposure 
Duration, Effect Concentration, and Database 
Adequacy – which were selected using scientifc 
judgement based on literature reviews. Cumulative 
uncertainty - the aggregation of different UFs to 
derive SV point estimates - is discussed in Section 
3.8. Finally, Section 3.9 introduces the concept of 
the modifying factor, which was not used to derive 
SVs, but may be applied at practitioners’ discretion 
to adjust SVs on a case-by-case basis to account 
for uncertainties not otherwise addressed in this 
document. 
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Table 3-1. Ranges of uncertainty factors (unitless) for various sources of uncertainty as reported in the 
literature - for legacy contaminants in EHA applications or in regulatory documents. 

Source of 
Uncertainty 

Range of Uncertainty Factor 
Values for Legacy 

Contaminants 
Description 

Information 
Source In 

Applied 
EHAs 

In Reviews or 
Regulatory 
Documents 

Effect 
Concentration 

2 to 10 5 to 55 
Extrapolation from unbounded LOAEC to corresponding 
NOAEC for the same chemical and endpoint, in the same 
species and life stage 

Duke and 
Taggart 2000 

Effect Severity12

10 to 300 50 to 500 
Extrapolation from observed frank effect level (e.g., 
mortality, severe lesions) to more subtle individual effect 
level that may have an indirect effect on populations of the 
same species exposed for the same duration (e.g., energetic 
stress, behavioral alterations, suppressed immune system) 

Duke and 
Taggart 2000 

100 to 1000 Zeeman 1995 

1 to 1000 13 Kenaga 1982 

Exposure 
Duration 

1 to 10 2 to 40 
Extrapolation of NOAEC after acute or subchronic exposures 
to corresponding NOAEC after chronic exposure 

Duke and 
Taggart 2000 

10 Zeeman 1995 

25.6 14 Slooff et al. 
1986 

Inter-species 
sensitivity15,16 

1 to 20 1 to 1000 
Extrapolation of NOAEC from the species tested in the 
laboratory to potentially more sensitive or vulnerable resident 
species in the location being screened; usually assumes both 
lab and field species are broadly related taxonomically (e.g., 
within the same phylum) 

Duke and 
Taggart 2000 

1 to 10 
Chapman et al. 
1998 

3 to 54 Slooff et al 
1986 

 6 to 26
Calabrese and 
Baldwin 1995 

Intra-species 
sensitivity 

1 1 to 10 Extrapolation of NOAEC for a specific endpoint in 
individuals exposed under laboratory conditions to the most 
sensitive endpoint in the most vulnerable individuals in the 
same species (e.g., early life stages) 

Duke and 
Taggart 2000 

1 to 10 
Chapman et al. 
1998 

Database 
Adequacy 

1 to 100 
Modeled versus measured effect levels; number of available 
studies; number of relevant species tested; breadth of 
endpoints evaluated 

Chapman et al. 
1998 

Multiple 
Stressors 

(this may implicitly be 
included in one or more of the 

above UFs) 

Extrapolation from chemical exposure under relatively 
physiologically neutral laboratory conditions to field 
conditions in which receptors  are continuously exposed to 
multiple environmental stressors, in addition to the chemical 
exposure 

No reviews 
located 

Chemical 
Complexity 

(this may implicitly be 
included in one or more of the 

above UFs) 

Extrapolation from single-chemical exposure in the 
laboratory to environmental exposure to a continuously 
changing chemical mixture  that includes the chemical of 
interest 

No reviews 
located 

12The UF for effect severity may implicitly include adjustment for exposure duration (e.g., extrapolation from acute LC50 to chronic NOAEC) and data 

adequacy (e.g., only one QSAR-modeled acute LC50 value available, versus several measured LC50s in multiple species). 
1398.6% of all acute-chronic ratios (ACRs) (LC50/MATC) in fish, and 96% of fathead minnow ACRs, among 135 total ACRs reviewed by Kenaga (1982) fell 

between 1 and 999. 
14Based on 95% upper prediction interval from a linear regression of chronic on acute effect levels for 164 paired values for the same species, representing 

11 taxonomic groups including microorganisms, algae, aquatic invertebrates, aquatic and semi-aquatic vertebrates, etc. 
15The magnitude of UF for inter-specific extrapolation varies greatly with source of the recommended value and the taxonomic distance between lab and 

field species of interest (order>class>family>genus>species). 
16An alternative to applying an uncertainty factor for inter-species sensitivity is the development of a “hazardous concentration” (HCp), which 

a water concentration that adversely affects a certain percentage (p) of species in a community; typically, these are derived only if a chemical represents 

has at least a minimal number of relevant effect levels reported in the literature. 
17Range reported for fish, based on literature review. 
18Based on acute fish toxicity (LC50) data from the literature, summarized by the authors who obtained their information primarily from Barnthouse et 

al. (1990). These values are mean weighted upper 95% limit on the upper 95% prediction interval from regression models applied to Cartesian points 

representing paired LC50 values between two fish species tested in the same assay; N is the total number of fish species pairs tested, across all chemicals 

in their database. There is a range of mean values because the authors performed the same regression analysis for paired species at four different levels 

of phylogenetic distance. 
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Table 3-2.  Types of empirical uncertainty factors (UFs) for deriving contaminant of emerging concern 
(CEC) screening values (SVs) for water exposures in fsh. Chemical Complexity, Inter-species and Intra-
species UF derivations are described in detail in Sections 3.2, 3.3, and 3.4, respectively. 

UF Usage Type of Empirical Uncertainty Factor (UF) 
Effect 

Endpoint 
Inclusiveness 

UF Application: 
Type of SV 

Derived 

Chemical 
Complexity 

Inter-Species Intra-Species 

Comprehensive 
SVHIGH 

Comprehensive type 
UFCC-High 

Comprehensive type 
UFINTER-High 

Comprehensive type 
UFINTRA-High 

SVLOW 
Comprehensive type 

UFCC-Low 
Comprehensive type 

UFINTER-Low 
Comprehensive type 

UFINTRA-Low 

Population-
relevant 

SVHIGH 
Population-relevant 

UFCC-High 
Population-relevant 

UFINTER-High 
Population-relevant 

UFINTRA-High 

SVLOW 
Population-relevant 

UFCC-Low 
Population-relevant 

UFINTER-Low 
Population-relevant 

UFINTRA-Low 
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Estrone 

Fenofibrate 

Estrone 
? 

benzene 

3.2 Chemical Complexity 

3.2.1 Purpose 
The purpose of the Chemical Complexity UF (UFCC) 
is to quantify that portion of total extrapolation 
uncertainty attributable to differences in chemical 
complexity, where single-CEC lab study LOAECs 
or NOAECs are adjusted to estimate corresponding 
effect concentrations for environmental mixture 
exposures in freshwater fsh. It is used to extrapolate 
single-CEC effect concentrations (LOAECs or 
NOAECs) in water that were identifed in a controlled 
laboratory study to an exposure scenario involving the 
same CEC in a mixture. 

3.2.2 Background 

In 2015, the American Chemical Society’s Chemical 
Abstract Service (CAS) assigned its 100 millionth CAS 
Registry Number (CASRN) to a chemical substance 
(CAS 2015).  That number continues to grow.  The 
CASRNs are numeric chemical identifers, which are 
assigned to both synthetic and naturally occurring 
chemicals. While some chemicals have multiple 
CASRNs, the vast majority are uniquely identifed 
by a single CASRN.  Among these millions of known 
substances, researchers consistently cite the number 
of commercially available synthetic chemicals that 
are produced on an industrial scale at approximately 
100,000 (e.g., Brown and Wania 2008, Snyder et al. 
2000, UNEP 2014, von der Ohe et al. 2011). Among 
chemicals in commerce, an estimated 40,000 have 
been identifed as CECs (e.g., Diamond et al. 2011). 
Hence, it is reasonable to expect complex mixtures 
of anthropogenic chemicals, including numerous 
CECs, to be present in aquatic systems with known 
contaminant sources. 

Chemicals in environmental mixtures may interact 
with each other additively, synergistically, or 
antagonistically, or they may act independently, to 
produce a combined effect. In many of the laboratory 
studies in fsh that were used to derive UFCC values, 

the chemicals in the tested mixtures were selected for 
common expected biological activity, such as estrogenic 
chemicals (Brian et al. 2005, Hua et al. 2013, Jukosky 
et al. 2008, Lin and Janz 2006, McGee et al. 2009, 
Thorpe et al. 2003), antidepressants (Painter et al. 
2009, Schultz et al. 2011), and antimicrobials (Schultz 
et al. 2012). In other mixture studies that were 
used to derive UFCC values, component chemicals 
did not fall neatly into a common biological activity 
group. Some of these mixtures were expected to be 
potentially synergistic or additive (Keiter et al. 2012, 
Wu et al. 2011, Xu et al. 2013), antagonistic (Sun et 
al. 2009), or to have apparently disparate biological 
activities among the tested chemicals (Armstrong et al. 
2015, Madureira et al. 2012, Zenobio et al. 2014). 

While the vast majority of the available literature 
on laboratory CEC toxicity studies in fsh is based 
on single-chemical exposures, a signifcant number 
of CEC mixture studies in fsh have been published 
(Attachment 3-1).  A subset of these CEC mixture 
studies evaluated both mixture toxicity in fsh, and the 
toxicity of individual component CECs. Criteria for 
inclusion in the dataset used to derive the UFCC values 
were applied to publications that reported on paired 
mixture- and single-CEC assays. 

3.2.3 UFCC Database - Data Inclusion Criteria 

A database was developed specifcally for the purpose 
of deriving and documenting UFCC point estimates 
(Attachment 3-2). The UFCC was quantifed using 
published studies in fsh that tested for both single-
CEC effects and mixture effects of the same CEC 
in water, for the same endpoints.  General inclusion 
criteria that are common across all three empirical 
UFs are provided in Section 3.1.4. 

Inclusion criteria specifc to the UFCC were the 
following: 

• Chemical Complexity Classes: A single
publication must report results from two
parallel assays that evaluated for effects from
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exposure to the subject CEC - a single-CEC 
assay and in a mixture assay that includes the 
subject CEC. 

• Chemical Scope: (a) Subject CECs were not
limited to those for which SVs were derived;
(b) no legacy contaminant UFCC values were
derived, however, legacy contaminants may
be part of a tested chemical mixture that
included at least one subject CEC; (c) the
number of mixture constituents was not limited.

• Effect Concentration:
o Statistically signifcant effects were

reported in the highest exposure group,
either in the single-CEC experiment, the
mixture experiment, or both.

o Effect magnitude at both control and highest
exposure groups are reported in both
experiments in either tabular or graphic
format.

o Both LOAEC (adverse endpoints) and
LOEC (non-adverse endpoints) effect
concentrations were included in the UF
point estimate calculations, in order to
maximize the spread of the UF point
estimate distribution

3.2.4 UFCC Database Structure and Contents 

Database felds are organized into the following 
groups: Study Attributes, Comparison Information, 
Computations, and Supporting Information.  The 
following list identifes the felds in the database that 
are included in each group. Attachment 3-2 provides 
information on a subset of the felds in the electronic 
database related to UFCC derivation. Groups and 
felds are presented in the database in this order: 

Study Attributes 
• CEC Category
• CEC
• Effect Category
• Effect Endpoint
• Relation of Endpoint Magnitude with Degree

of Hazard (pos/neg)
• Population-relevant Endpoint (Y/N)
• Species

Comparison Information 
• High Exposure Group CEC Concentration

(ppb) for Single CEC Assay
• Single CEC Assay: Signif Diff from Control?

(Y/N)
• High Exposure Group Effect Magnitude for

CEC in Single Chemical Assay
• Single CEC Assay Response Data Presentation

(G =”Graph” or T=”Table or Text”)
• High Exposure Group CEC Concentration

(ppb) for CEC in Mixture Assay
• Mixture CEC Assay: Signif Diff from Control?

(Y/N)
• High Exposure Group Effect Magnitude for

CEC in Mixture Assay

• Mixture CEC Assay Response Data
Presentation (G =”Graph” or T=”Table or
Text”)

Computations 
• Single CEC Assay - Effect Magnitude per unit

Exposure at High Exposure Conc. (EPUC1)
• Mixture CEC Assay - Effect Magnitude per

unit Exposure at High Exposure Conc.
(EPUC2)

• UFCC Point Estimate - Ratio of EPUCs
(higher/lower)

Supporting Information 
• Notes
• Publication Reference

The UFCC database records are uniquely 
differentiated based on the following information:  
Publication Reference, CEC, Effect Endpoint, 
Species, and sometimes fsh sex (as recorded in the 
Notes feld). The database consists of 171 records 
extracted from 14 peer-reviewed, published papers. 
Each record conforms to the data inclusion criteria 
(Sections 3.1.4 and 3.2.3). 

Represented in the database are: 
• 18 CECs tested as single chemicals and in a

mixture in the same study (Table 3-3);
• 11 CEC Categories (Table 3-3);
• 4 freshwater or brackish water fish species

representing various niches;
• 9 Effect Categories.

3.2.5 UFCC Point Estimate Derivation 

Aspects of UF derivation that are shared among all 
three empirical UFs are presented in Section 3.1.4. 
One UFCC point estimate was calculated in each 
record of the UFCC database. Exposure and effect 
data from the single-CEC highest exposure group 
and the corresponding mixture highest exposure 
group were used to calculate UFCC point estimates. 
Since both assays utilized exposure groups with the 
same species/sex/life stage composition, comparisons 
between the highest exposure groups were 
expected to yield the greatest differences in effect 
magnitude between the paired assays (for a given 
effect endpoint), hence the greatest spread in the 
distribution of UFCC point estimates. A wide spread in 
the UFCC point estimates distribution was assumed to 
result in conservative UFCC estimates for the purpose 
of deriving SVs. 

In most UFCC database records, both the measured 
CEC concentration and effect magnitude differ 
between the high exposure groups in the single-CEC 
and mixture tests. In some cases the highest exposure 
levels in the single-CEC and mixture assays have 
different measured concentrations, yet they result 
in essentially the same effect magnitude, indicating 
greater potency of the subject CEC in the group with 
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the lower maximum exposure concentration. Likewise, 
different effect magnitudes in the single- versus 
mixture-exposed group may result from exposure to 
essentially the same CEC concentration, indicating 
higher potency in the group showing the greater 
adverse effect. Relative potency of the CEC 
was represented in both the single-CEC assay and 
the mixture assay by using the ratio of the effect 
magnitude to exposure concentration – the effect-per-
unit-concentration (EPUC) - in the highest exposure 
groups. 

Unlike in the derivations of empirical Inter-species 
and Intra-species UFs, calculation of UFCC point 
estimates did not involve adjusting effect magnitude to 
percent difference from the negative control. This is 
because both the single-CEC and mixture assays used 
the same negative control group, so the value of any 
UF estimate would not be affected by adjusting effect 
magnitudes. 

In each UFCC database record, the following 
computations were conducted: 

• The EPUC in the high-concentration group for the
single-CEC assay was computed as:

EPUCSINGLE =
Effect magnitude SINGLE / [CEC]SINGLE. 

• The EPUC in the high-concentration group for the
mixture assay was computed as:

EPUCMIXTURE =
Effect magnitude MIXTURE / [CEC]MIXTURE. 

where, 
[CEC]SINGLE and [CEC]MIXTURE are the 
concentrations of the same CEC in the highest 
exposure group in each assay 

• One UFCC point estimate was computed in each
database record as:

UFCC = EPUC1 / EPUC2.

where,
EPUC1 = the greater value between 

EPUCSINGLE and EPUCMIXTURE 

EPUC2 = the lesser value between 
EPUCSINGLE and EPUCMIXTURE 

3.2.6 UFCC Point Estimates and Final Values 

All UFCC point estimates are based on comparisons 
of effective potency between an assay of a CEC in 
mixture and the same CEC tested singly, with other 
factors held constant. Two UFCC point estimate 
distributions were developed. One distribution 
contains all of the point estimates in the database 
(Figure 3-1), and was used to obtain “comprehensive 
type” UFCC values for derivations of comprehensive 
type SVHIGH and SVLOW values. The second 
distribution contains comparisons involving only 
population-relevant endpoints (i.e., behavioral, 
developmental, growth, reproductive, and survival 
specifed in Attachment 2-1), and was used to obtain 
“population-relevant” UFCC values (Figure 3-2).    

The range of values of both comprehensive and 
population-relevant UFCC point estimates is 1 to 118.8.  
No literature values of UFCC for legacy contaminants 
were located for comparison (Table 3-1). 

Specifc percentiles of the comprehensive- and 
population-relevant UFCC point estimate distributions 
were selected for deriving SVHIGH and SVLOW 

point estimates (Table 3-4).  Rationale for selected 
percentiles is provided in Section 3.1.4.2: Final 
Empirical UF Values as Distribution Percentiles. 
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Figure 3-1.  Frequency distribution of (a) all and (b) a focused subset of Comprehensive Chemical Complex-
ity UF (UFcc) point estimates derived from data reported in publications that evaluate effects from a given 
CEC in both a single-CEC assay and contaminant mixture assay, for all adverse effect endpoints.  Selected 
percentiles of the distribution of point estimates are indicated (N=171; Min=1; Max=118.8). The UFcc 
25%ile and 75%ile values were used to derive comprehensive type SVHIGH and SVLOW point estimates, 
respectively.  X-axis values are mid-points of intervals. 
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(a) 

(b) 

Figure 3-2. Frequency distribution of (a) all and (b) a focused subset of population-relevant Chemical Com-
plexity UF (UFcc) point estimates derived from data reported in publications that evaluate effects from 
a given CEC in both a single-CEC assay and contaminant mixture assay, for population-relevant adverse 
effect endpoints. Selected percentiles of the distribution of point estimates are indicated (N=97; Min=1; 
Max=118.8). The UFcc 25%ile and 75%ile values were used to derive population-relevant SVHIGH and SV-
LOW point estimates, respectively.  X-axis values are mid-points of intervals. 
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Table 3-3.  List of 18 CECs in 11 CEC categories for which laboratory studies were located that test for 
adverse effects in fsh after both single-CEC and mixture exposures in water. 

CEC Category CEC 
Alkylphenol Nonylphenol 
Flame Retardant / Surfactant Perfluorooctane sulfonate 

17a-ethinylestradiol (EE2) 
Hormone 17B-estradiol (E2) 

Estrone (E1) 
Insect Repellent DEET 

Personal Care – antimicrobial 
Triclosan 
Triclocarban 

Pharmaceutical – antibiotic 
Sulfamethoxazole 
Trimethoprim 

Pharmaceutical – anti-cholesterol Fenofibric Acid 
Pharmaceutical – anticonvulsant Carbamazepine 

Bupropion 

Pharmaceutical – antidepressant 
Fluoxetine 
Sertraline 
Venlafaxine 

Pharmaceutical – beta blocker Propranolol Hydrochloride 
Plasticizer Bisphenol A 

Table 3-4. Final UFCC values (unitless) are based on percentiles of the UFCC point estimate distribution, and 
are used to derive water screening values to characterize CEC hazards to freshwater fsh. The UFcc 25%ile 
and 75%ile values were used to derive SVHIGH and SVLOW point estimates, respectively. 

Effect Endpoint 
Inclusiveness 

SV 
Application UFCC in SV Derivation 

Effect 
Categories 

N 

Percentiles 
in UFCC 

Point 
Estimate 

Distribution 

Final UFCC 
Values 

(unitless) 

Population-
relevant 

SVLOW 

One of the UFs used to derive a 
water concentration below 
which adverse Population 
effects ARE NOT expected in 
wild fish 

Behavioral 
Developmental 
Growth 
Reproductive 
Survival 

97 

99%ile = 118 
95%ile = 21.4 
90%ile = 10.5 
75%ile = 1.80 
50%ile = 1.30 
25%ile = 1.07 
10%ile = 1.03 
5%ile = 1.01 
1%ile = 1.00 

1.8 

Population-
relevant 

SVHIGH 

One of the UFs used to derive a 
water concentration above 
which adverse Population 
effects ARE expected in wild 
fish 

1.1 

Comprehensive SVLOW 

One of the UFs used to derive a 
water concentration below 
which adverse effects in 
Individual fish ARE NOT 
expected in the wild All Effect 

Categories 
171 

99%ile = 50 
95%ile = 18.9 
90%ile = 4.75 
75%ile = 2.00 
50%ile = 1.32 
25%ile = 1.11 
10%ile =1.03 
5%ile = 1.02 
1%ile = 1.00 

2.0 

Comprehensive SVHIGH 

One of the UFs used to derive a 
water concentration above 
which adverse effects in 
Individual fish ARE expected 
in the wild 

1.1 
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3.3 Inter-Species Sensitivity 

3.3.1 Purpose 

The purpose of the Inter-Species Sensitivity UF is to 
quantify that portion of total extrapolation uncertainty 
attributable to differences in fsh species sensitivity.  
It is used to extrapolate exposure-effect relationships 
(expressed as a LOAEC/LOEC or NOAEC/NOEC) 
from a controlled laboratory study that tested for 
effects in a single species to an estimated effect 
concentration in a receptor species or group of species 
that are more sensitive to the subject CEC. 

3.3.2 Background 

There are over 15,000 species of freshwater fsh 
worldwide (IUCN 2016) that exhibit great differences in 
morphology, life history and ecological niche, and inhabit 
a diverse array of habitats.  Among these, at least 160 
fsh species are resident in the Great Lakes Basin 
(Hubbs and Lagler 2004). Inadequately representing 
this natural variety are perhaps only several dozen 
obligate or facultative freshwater fsh species that have 
ever been tested in controlled ecotoxicological assays, 
and fewer that have been tested for effects from CEC 
exposure. Most of the lab species are physically small 
and short-lived, due to pragmatic considerations such 
as cost, lab space, life cycle duration, and repeatability, 
as well as potentially poor survival and reproduction in 
large-body fsh under laboratory conditions.  Certain 
fsh species are dominantly represented in the CEC 
ecotoxicity literature, including the fathead minnow 
(Pimephales promelas), Japanese medaka (Oryzias 
latipes), and zebrafsh (Danio rerio). For the purpose 
of determining relative potency among chemical 
contaminants, the small number of frequently tested 
species is advantageous because it limits fsh species as 
a source of variation among ecotoxicity tests on different 

chemicals. However, limited species representation 
in the ecotoxicity literature is disadvantageous for 
investigators who wish to estimate relative chemical 
hazard in a more sensitive – usually unidentifed – 
species assumed to be present in a natural system. 

Ecotoxicologists have developed several approaches 
to the problem of variable species sensitivity in 
extrapolating lab test results to natural systems. 
Human health risk assessment guidance provides 
precedent for the application of an inter-species 
uncertainty factor to an appropriate effect 
concentration (e.g., NOAEC/NOEC or LOAEC/ 
LOEC) (USEPA 1989).  Ecological risk assessors 
sometimes use percentiles from species sensitivity 
distributions (SSDs), which are distributions of 
unadjusted effect concentrations, either acute or 
chronic exposure durations, obtained from the 
literature for relevant species. See Attachment 4-1 for 
examples of reference values developed as percentiles 
of SSDs.  In addition, empirical regression modeling 
approaches have been developed to predict an acute 
effect concentration (LC50 or EC50) in an untested 
species from measured effect concentrations obtained 
for species tested in laboratory assays (USEPA 2016d). 

Our approach to SV development focused on effects 
after chronic exposures and involved calculation of SV 
point estimates. Hence, we adjusted each relevant 
chronic effect concentration in the CFED with UFs 
(including an Inter-species UF). The rationale 
and methods for deriving distributions of SV point 
estimates are provided in Section 4.3.2. 
The published literature of laboratory CEC toxicity 
studies in fsh is dominated by single-species exposure 
studies. The UFInter is applied because chemical 
sensitivity in lab species may be different from 
potential receptor species’ sensitivity in a natural 
system. This UF is intended to account for inter-
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species differences in sensitivity and magnitude of 
direct toxic effects. The UFInter does not account for Comparison Information 
differences among species in susceptibility to indirect 
effects, such as potential cumulative or compensatory 
population effects in the species of interest due to 
shifts in aquatic community structure or composition 
that may result from CEC exposure in multiple fsh 
species over many generations. 

3.3.3 UFInter Database - Data Inclusion Criteria 

A database specifcally for the purpose of deriving and 
documenting UFInter point estimates was developed 
(Attachment 3-3).  The UFInter was quantifed from 
published laboratory assays.  General inclusion 
criteria that are common across all three empirical 
UFs are provided in Section 3.1.4. 

Inclusion criteria specifc to the UFInter were the 
following: 

• Inter-Species Sensitivity Classes:  A single
publication must report results from two or
more parallel assays that evaluate for effects in
the same endpoint(s) and same life stage due to
CEC exposure, but in different fsh species,

• Chemical Scope: (a) The subject CECs were
not limited to those for which SVs were
derived.  (b) Studies of legacy contaminants
were excluded, except where legacy
contaminants were part of a mixture that
included at least one subject CEC. Both single-
CECs and mixtures were represented that
were tested in multiple species were included.

• Effect Concentration and Magnitude:
o Both LOAEC (adverse endpoints)

and LOEC (non-adverse endpoints)
values were included in the UF point
estimate calculations, in order to
maximize the spread of the UF point
estimate distribution

o A LOAEC/ LOEC must be reported
in each of the paired fsh species assays
for a given effect endpoint

o Effect magnitudes in the control and
LOAEC/ LOEC exposure groups are
reported in both species’ experiments,
in either tabular or graphic format.

3.3.4 UFInter Database Structure and Contents 

Database felds are organized into the following 
groups: Study Attributes, Comparison Information, 
Computations, and Supplemental Information.  
Groups and felds are presented in the database in the 
following order: 

Study Attributes 
• CEC Category
• CEC
• Effect Category
• Effect Endpoint
• Population-relevant Endpoint (Y/N)

• Species 1 – Species Common Name
• Species 1 – LOAEC/LOEC (ug/L)
• Species 1 – LOAEC/LOEC Effect Magnitude
• Species 1 – Control Group Effect Magnitude
• Species 1 – EML1 - Effect Magnitude at

LOAEC/LOEC (as % difference from negative
control)

• Species 1 - Effect Data Source in Paper
(Specifc Figure or Table)

• Species 1 Effect Data Presentation
(G =”Graph” or T=”Table or Text”)

• Species 2 – Species Common Name
• Species 2 – LOAEC/LOEC (ug/L)
• Species 2 – LOAEC/LOEC Effect Magnitude
• Species 2 – Control Effect Magnitude
• Species 2 - EML2 - Effect Magnitude at

LOAEC/LOEC (as % difference from negative
control)

• Species 2 - Effect Data Source in Paper
(Specifc Figure or Table)

• Species 2 - Effect Data Presentation
(G =”Graph” or T=”Table or Text”)

Computations 
• Species 1 – EPUC1 - Effect per unit Conc at

LOAEC/LOEC (EML1/LOAEC or LOEC)
• Species 2 – EPUC2 - Effect per unit Conc at

LOAEC/LOEC (EML2/LOAEC or LOEC)
• UFInter Point Estimate - Ratio of EPUCs

(higher/lower)

Supporting Information 
• Notes
• Publication Reference

Records in the UFInter point estimate database are 
uniquely identifed based on the following felds: 
Publication Reference, CEC, Effect Endpoint, Species, 
and sometimes fsh sex (if recorded in the Notes feld). 
The database consists of 65 records extracted from 
15 peer-reviewed, published papers. Each record 
conforms to the data inclusion criteria (Sections 3.1.4, 
3.3.3). 

Represented in the UFInter point estimate database 
are: 

• 17	individual	CECs	(or	mixtures)	tested	in
water exposures in two or more fish species
(Table 3-5);

• 8	CEC	Categories	(Table	3-5);
• 16	freshwater	or	brackish	water	fish	species

representing a variety of niches (Table 3-6;
Attachment 3-4);

• 23	 unique	pairwise	species	comparisons
(pairwise species comparisons were
represented in the database between 1 and 8
times) (Table 3-6; Attachment 3-3);

• 7	Effect	Categories	(Table	3-7).
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3.3.5 UFInter Point Estimate Derivation 

Aspects of UF derivation that are shared among all 
three empirical UFs are presented in Section 3.1.4. 

One UFInter point estimate was calculated in each 
record of the UFInter database. Each record in 
the inter-species sensitivity database represents 
an endpoint-specifc binary comparison of relative 
sensitivity between two fsh species after exposure 
to CEC. Unlike other studies of the inter-species 
uncertainty factor (e.g., Calabrese and Baldwin 1994, 
1995), this analysis did not stratify observations 
using higher levels of taxonomic organization 
(e.g., by genus or family); all of the pairwise 
comparisons are species to species, regardless 
of higher taxonomic classifcations. An analysis 
comparable to the Calabrese and Baldwin papers 
of the infuence of phylogenetics on empirical CEC 
inter-species UF values is beyond the scope of this 
document. We did not use the USEPA Interspecies 
Correlation Estimation (ICE) model to estimate 
effect concentrations in untested species, because we 
are developing UFs based on effects after chronic 
exposures to use in deriving chronic aqueous SVs, but 
ICE utilizes information on acute effects to predict 
effect concentrations across species (USEPA 2016d).  

Our approach built on the work of Calabrese and 
Baldwin (1994, 1995) by utilizing the following types of 
information:  

• Exposure-effect information focused on CECs
(not legacy contaminants),

• Effect concentrations for a diversity of adverse
endpoints (not just mortality),

• Chronic exposure assay response data (not
acute exposure assays),

• NOAEC/NOEC and LOAEC/LOEC values
(rather than ECx or LCx),

• Comparisons between paired assays in
different species across different levels of
organization (i.e., species-species comparisons
across different genera, or across families)
rather than only between species within
genera.

We used two variables that were reported for 
each species to quantify inter-species differences 
in sensitivity for individual effect endpoints: the 
LOAEC/LOEC, and the magnitude of the response 
at the LOAEC/LOEC. We calculated UF point 
estimates for each endpoint for which a LOAEC/ 
LOEC was identifed in both tested species. Mean 
(or median) effect magnitude at the LOAEC/LOECs 
were obtained for each species from the publication. 
Effect magnitudes were quantifed by effect endpoint 
as the percent difference in the response at the 
LOAEC/LOEC from the corresponding negative 
control response. We represented relative sensitivity 
of each of the tested species using the effect-per-unit-
concentration (EPUC) at the LOAEC/LOEC, which 

is computed as the ratio of the mean effect magnitude 
at the LOAEC/LOEC to the LOAEC/LOEC 
concentration for that species. 

This approach differs from that used to derive UFCC 

point estimates, where the concentrations and effect 
magnitudes of the highest exposure groups in paired 
single-CEC and mixture assays were utilized. For 
UFCC derivations, only one or the other of the highest 
exposure groups was required to be a LOAEC/LOEC. 
For UFInter derivations, the two different species in 
the paired assays likely have intrinsically different 
sensitivities to the tested CEC for a given effect 
endpoint (i.e., different negative control responses), so 
the LOAEC/LOEC values for each of the two species 
were required. 

In each UFInter database record, the following 
computations were conducted: 

1) The EPUC in the Species 1 assay was
computed as:
EPUCSpecies 1 =
Mean effect magnitude at LOAEC/
LOECSpecies 1 / LOAEC/LOECSpecies 1 

2) The EPUC in the Species 2 assay was
computed as:
EPUCSpecies 2 =
Mean effect magnitude at LOAEC/
LOECSpecies 2 / LOAEC/LOECSpecies 2 

where, 

LOAEC/LOECSpecies 1 and LOAEC/LOECSpecies 

2 are concentrations of the same CEC associated 
with responses in the same effect endpoint that are 
signifcantly different from the respective control 
groups. 

3) A UFInter point estimate was computed in each
database record as:

UFInter = EPUCA / EPUCB. 

where, 

EPUCA = the greater value between 
EPUCSpecies 1 and EPUCSpecies 2 

EPUCB = the lesser value between 
EPUCSpecies 1 and EPUCSpecies 2 
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3.3.6 UFInter Point Estimates and Final Values 

All UFInter point estimates are based on publications 
reporting paired assays that compare relative 
sensitivity in different fsh species in the same effect 
endpoints, with other factors held constant. Two 
UFInter point estimate distributions were developed. 
One distribution contains all of the point estimates 
in the UFInter database (Figure 3-3), and was used 
to obtain “comprehensive type” UFInter values for 
derivations of comprehensive type SVHIGH and SVLOW 

values. The second distribution contains comparisons 
involving only population-relevant endpoints (i.e., 
behavioral, developmental, growth, reproductive, 
and survival) (Figure 3-4), and was used to obtain 
“population-relevant” UFInter values. 

Specifc percentiles of the comprehensive- and 
population-relevant UFInter point estimate 
distributions were selected for deriving SVHIGH 

and SVLOW point estimates (Table 3-8).  Rationale 
for selecting certain percentiles as fnal UF values 
is provided in Section 3.1.4.2: Final Empirical UF 
Values as Distribution Percentiles. 

The range of values of comprehensive type UFInter 

point estimates is 1 to 353, while population-relevant 
UFInter point estimates range from 1 to 35. The 
UFInter values that were selected as percentiles of 
empirical point estimate distributions (Table 3-8) are 
within the ranges of UFInter values reported in the 
literature for legacy contaminants (Table 3-1).  
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a) 

b) 

Figure 3-3.  Frequency distribution of (a) all and (b) a focused subset of comprehensive type Inter-Species 
UF (UFInter) point estimates derived from data reported in publications that evaluate the same effects (all 
adverse effect endpoints) from exposure to a given CEC in two or more species. Selected percentiles of the 
distribution of all point estimates are indicated (N=65; min=1; max=353). The UFInter 25%ile and 75%ile 
values were used to derive comprehensive SVHIGH and SVLOW point estimates, respectively.  X-axis values 
are mid-points of intervals. 
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a) 

b) 

Figure 3-4.  Frequency distribution of (a) all and (b) a focused subset of population-relevant Inter-Species UF 
(UFInter) point estimates derived from data reported in publications that evaluate the same effects (popula-
tion-relevant adverse effect endpoints) from exposure to a given CEC in two or more species. Selected per-
centiles of the distribution of all point estimates are indicated (N=30; min=1; max=35). The UFInter 25%ile 
and 75%ile values were used to derive population-relevant SVHIGH and SVLOW point estimates, respectively. 
X-axis values are mid-points of intervals.
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Table 3-5.   List of CEC Categories and individual CECs (and CEC mixtures) for which publications of labo-
ratory studies were located that included parallel assays in two or more fsh species. 

CEC Category CEC 
Number of 

Database Records 

Complex Mixture 

Untreated pulp mill effluent 1 
Pulp mill effluent after primary 
treatment 

1 

Pulp mill effluent after secondary 
treatment 

1 

Fungicide 
Imidazole Ketoconazole 4 
Prochloraz 10 

Herbicide Picloram 2 

Hormone 

17a-ethinylestradiol (EE2) 9 
17B-estradiol (E2) 3 
Norethindrone 1 
Spironolactone 5 
Testosterone 2 

Personal Care – UV filter Benzophenone-3 1 
Pharmaceutical – beta blocker Propranolol 1 
Pharmaceutical – Nonsteroidal 
Aromatase Inhibitor 

Fadrazole 3 

Surfactant 
Octoxynol 9 (Triton X-100) 7 
Perfluorooctane sulfonate (PFOS) 13 
Sodium dodecyl sulphate (SDS) 1 

TOTAL 65 

42 



 

    
  

  
 

   
   

    

 

  
  

  
  

  
  

   

 
  

  
   

  
  

  

 
  

  
  

 
  

  
   

   
  

Table 3-6.   Number of database records containing pairwise comparisons of fsh species’ relative sensitivity 
to CEC exposure for the same effect endpoint. Each database record provides a single empirical UFInter 

point estimate based on a pairwise inter-species comparison of LOAEC values and effect response magni-
tudes. 

Species 1 Species 2 
Number of 

UFInter Database 
Records 

Brown Trout Common Carp 8 
Bull Trout Rainbow Trout 2 
Creek Chub Spottail Shiner 3 

Fathead Minnow 

Bluegill 1 
Japanese Medaka 8 
Rainbow Trout 6 
Roach 1 
White Sucker 1 
Zebrafish 7 

Flagfish Japanese Medaka 1 

Japanese Medaka 
Rainbow Trout 7 
Zebrafish 7 

Rainbow Trout Killifish 4 
Rio Grande 
Silvery Minnow 

Fathead Minnow 1 

Stickleback 
Japanese Medaka 1 
Rainbow Trout 1 
Zebrafish 1 

White Sucker 
Creek Chub 1 
Rainbow Trout 2 
Spottail Shiner 1 

Zebrafish Rainbow Trout 1 
TOTAL 65 
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Table 3-7.  Effect Categories represented in the database of UFInter point estimates. 

Effect Endpoint 
Inclusiveness 

Effect Category 
Number of 
Database 
Records 

Population-
relevant 

Growth 4 
Mortality/Survival 1 
Reproductive 
(functional) 

15 

Developmental 10 

Comprehensive 
(not also counted 
with Population-
relevant effect 
endpoints) 

Metabolic/Physiologic 13 
Genotoxicity 2 
Gross Pathology 3 
Reproductive 
(vitellogenin; hormone 
levels) 

15 

Reproductive 
(sperm structure) 

2 

TOTAL 65 

Table 3-8.  Final UFInter values (unitless) are based on percentiles of the UFInter point estimate distribution, 
and are used to derive water SVs to characterize CEC hazards to freshwater fsh. The UFInter 25%ile and 
75%ile values were used to derive SVHIGH and SVLOW point estimates, respectively. 

Effect 
Endpoint 

Inclusiveness 

SV 
Type 

UFInter in SV Derivation 
Effect 

Categories 
N 

Percentiles in 
UFInter Point 

Estimate 
Distribution 

Final UFInter 

Values 
(unitless) 

Population-
relevant 

SVLOW 

One of the UFs used to derive a 
water concentration below which 
adverse population effects ARE 
NOT expected in wild fish 

Behavioral 
Developmental 
Growth 
Reproductive 
Survival 

30 

99%ile = 35.0 
95%ile = 19.0 
90%ile = 10.7 

4.8 

75%ile = 4.80 

Population-
relevant 

SVHIGH 

One of the UFs used to derive a 
water concentration above which 
adverse population effects ARE 
expected in wild fish 

50%ile = 3.04 

1.5 
25%ile = 1.45 
10%ile = 1.15 
5%ile = 1.00 
1%ile = 1.00 

Comprehensive SVLOW 

One of the UFs used to derive a 
water concentration below which 
adverse effects in individual fish 
ARE NOT expected in the wild 

All Effect 
Categories 

65 

99%ile = 
352.0 

95%ile = 50.8 
90%ile = 30.3 

8.9 

Comprehensive SVHIGH 

One of the UFs used to derive a 
water concentration above which 
adverse effects in individual fish 
ARE expected in the wild 

75%ile = 8.87 

1.5 

50%ile = 3.29 
25%ile = 1.50 
10%ile = 1.20 
5%ile = 1.10 
1%ile = 1.00 
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3.4 Intra-Species Sensitivity 

3.4.1 Purpose 

The purpose of the Intra-Species Sensitivity UF 
is to quantify that portion of total extrapolation 
uncertainty attributable to differences in sensitivity 
between subclasses within a species. It is used to 
extrapolate exposure-effect relationships (expressed 
as a LOAEC/LOEC or NOAEC/NOEC) from a 
controlled laboratory study that tested for effects in 
one class of individuals within a fsh species (defned 
by life stage or sex) to an adjusted effect concentration 
representative of potentially more sensitive classes of 
individuals in the aquatic system of interest. 

3.4.2 Background 

Ecotoxicologists have long recognized that sensitivity 
to chemical contaminants can vary between classes of 
individuals within a fsh species, which is consistent 
with the practice of applying an uncertainty factor for 
protecting sensitive subpopulations in human health 
risk assessment (USEPA 1989).  Fish life stages can 
differ in their susceptibility to adverse effects from 
chemical contaminant exposure (e.g., Brion et al. 
2004, Galus et al. 2013a, Parrish et al. 1978, Staples 
et al. 2011). Based on earlier literature reviews of 
the effects of legacy contaminants, it is commonly 
assumed that early life stages are more susceptible to 
chemical impacts than later life stages (e.g., McKim 
1977, Wheeler et al. 2014). However, this assertion is 
not supported as a general rule either in the CFED 
developed in this project (refer to Attachment 3-5) or 
in the database compiled for derivation of the UFIntra 

(Attachment 4-2).  Hence, no a priori assumption was 
made in this analysis that any life stage is necessarily 
more sensitive to CEC exposures than other life 
stages, as a general rule across all studies.  For 
some CECs, the response magnitude of certain effect 
endpoints also differs between males and females in 
the same life stage (e.g., Lei et al. 2013, Madureira et 
al 2012, and Pawlowski et al 2004).  The magnitude of 
the difference in susceptibility between life stages or 
between sexes may itself also vary with species. 

This section describes methods used to estimate a 
numeric range of values from data provided in the 
literature, and provides fnal UFIntra values to apply 
in SV derivations. Intra-species classes are defned in 
terms of life stage and sex.  Life stage classes included: 
embryo, larva, juvenile, and adult.  Sex classes were: 
female, male, both, or uncertain (not reported or 
immature). 

3.4.3 UFIntra Database - Data Inclusion Criteria 

A database was developed specifcally for the purpose 
of deriving and documenting UFIntra point estimates 
(Attachment 3-5).  The UFIntra point estimates were 
quantifed from individual publications that reported 
results in more than one intra-species class (defned 
in terms of either life stage or sex) after exposure in 
water to the same CEC. General inclusion criteria 
that are common across all three empirical UFs are 
provided in Section 3.1.4. 

Inclusion criteria specifc to the UFIntra database are 
as follows: 
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• Intra-Species Class:  A single experiment must
evaluate for effects in at least two life stages or
each of the two sexes; one database record is
created for each unique pairing of classes (life
stage versus life stage, or male versus female)
and effect endpoints

• Chemical Scope: Assays testing CECs were
included; legacy contaminants were excluded

• Effect Concentration:
o Both LOAEC (adverse endpoints) and

LOEC (non-adverse endpoints) effect
concentrations were included in
the UFIntra point estimate calculations,
in order to maximize the spread of the
UF point estimate distribution

o Only experiments that identify a
LOAEC/ LOEC in both of the Intra-
species Classes are included

• Effect Category:  Specifc effect endpoints do
not have to be the same between the two
classes in the paired assay, particularly
between life stages

• Effect Magnitude: In both control and
LOAEC/ LOEC exposure groups effect
magnitudes must be reported separately for
each intra-species class, in either tabular or
graphic format, as either a median or mean
value for the exposure group

3.4.4 UFIntra Database Structure and Contents 

The database is structured to develop a distribution of 
UFIntra point estimates. The database is a fat fle in 
MS Excel spreadsheet format.  The UFIntra database 
consists of 123 records extracted from 33 peer-
reviewed, published papers. 

Database felds are organized into the following 
groups: Study Design, Comparison Information, 
Computations, and Supporting Information.  The 
following list provides specifc felds included in each 
group: 

Study Attributes 
• CEC Category
• CEC
• Population-Relevant Effect (Y or N)
• Species (Common Name)
• Comparison Class (“Sex”, “Life Stage”)

Comparison Information 
• Class 1 – Sex - M,F; Life Stage - E,L,J,A)19 

• Class 1 – LOAEC/ LOEC (ug/L)
• Class 1 – Effect Category at LOAEC/LOEC
• Class 1 – Effect Endpoint(s) at LOAEC/LOEC
• Class 1 – Effect Data Presentation

(G =”Graph” or T=”Table or Text”)
• Class 1 – LOAEC/LOEC Effect Magnitude
• Class 1 – Control Effect Magnitude
• Class 1 – Effect Magnitude at LOAEC/LOEC

(as % difference from control)
• Class 1 – Effect Data Source in Paper

19E –  embryo, L – larva, J – juvenile, A – adult 

• Class 2 – Sex - M, F; Life Stage - E,L,J,A)
• Class 2 – LOAEC/LOEC (ug/L)
• Class 2– Effect Category at LOAEC/LOEC
• Class 2 – Effect Endpoint(s) at LOAEC/LOEC
• Class 2 - Effect Data Presentation

(G =”Graph” or T=”Table or Text”)
• Class 2 – LOAEC/LOEC Effect Magnitude
• Class 2 – Control Effect Magnitude
• Class 2 – Effect Magnitude at LOAEC/LOEC

(as % difference from control)
• Class 2 – Effect Data Source in Paper

Computations 
• Class 1 – EPUC1 - Effect Magnitude per unit

Concentration at LOAEC/LOEC
• Class 2 – EPUC2 - Effect Magnitude per unit

Concentration at LOAEC/LOEC
• UFIntra Point Estimate – Ratio of EPUCs

(higher/lower)

Supporting Information 
• Notes
• Publication Reference

Records in the UFIntra point estimate database are 
uniquely identifed based on: Publication Reference, 
CEC, Species, Comparison Class, Class 1, Class 
1 Effect Endpoint(s), Class 2, and Class 2 Effect 
Endpoint(s). Each record conforms to data inclusion 
criteria (Sections 3.1.4, 3.4.3). 

Represented in the UFIntra point estimate database 
are: 

• 38 individual CECs or commercial CEC
mixtures tested in water exposures in multiple
intra-species classes (Table 3-9);

• 21 CEC Categories (Table 3-9);
• 9 freshwater or brackish water fish species

representing a variety of niches (Table 3-10;
Attachment 3-5);

• 27 unique pairwise comparisons between
intra-species classes (Table 3-10);

• 8 Effect Categories (Table 3-11).

3.4.5 UFIntra Point Estimate Derivation 

Aspects of UF derivation that are shared among all 
three empirical UFs are presented in Section 3.1.4. 

A database was compiled to derive point estimates of 
UFIntra. Information was extracted for quantifying 
this UF from published studies that reported LOAEC/ 
LOECs in more than one subspecies class in separate 
assays, after exposure in water to the same test 
chemical under the same experimental conditions 
(Attachment 3-5).  

Only data for pairwise life stage or sex comparisons 
presented in an individual publication were added 
to the database. For comparisons between sexes, 
the same species and endpoint were evaluated. For 
comparisons between life stages, the same species was 
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evaluated, but the endpoint was not always the same 
between the two life stage assays. For instance, in a 
reproductive toxicity assay, the endpoint associated 
with the LOAEC/LOEC in adults may be number 
of eggs produced, while an endpoint associated with 
the LOAEC/LOEC in the embryo life stage may 
be survival.  When different effect endpoints are 
evaluated in different intra-species classes, the effect 
magnitudes are not directly comparable. Hence, effect 
magnitudes in each UFIntra database record were 
converted to percent difference from the negative 
control, where each species’ subclass had its own 
exposure control group. 

In each database record, relative sensitivity was 
represented in each of the tested intra-species classes 
using the ratio of the effect magnitude at the LOAEC/ 
LOEC to the LOAEC/LOEC concentration for that 
intra-species class. The ratio is called the effect-per-
unit-concentration (EPUC).  

This approach differs from that used to derive UFCC 

point estimates, where the concentrations and effect 
magnitudes of the highest exposure groups in paired 
single-CEC and mixture assays were utilized. For 
UFCC derivations, only one or the other of the highest 
exposure groups was required to be a LOAEC/LOEC. 
In contrast, for UFIntra derivations, the two different 
intra-species classes in each paired assay may have 
different intrinsic sensitivities to the tested CEC, so 
the LOAEC/LOEC values for each of the two intra-
species classes were utilized. 

In each record of the UFIntra database, the pairwise 
comparison in sensitivity between intra-species classes 
(i.e., UFInter point estimate) was computed as follows: 

1) The EPUC in the Class 1 assay was computed
as:

EPUCClass 1 = 
Effect magnitude at LOAEC/LOECClass 1 / 
LOAEC/LOECClass 1 

2) The EPUC in the Class 2 assay was computed
as:

EPUCClass 2 = 
Effect magnitude at LOAEC/LOECClass 2 / 
LOAEC/LOECClass 2 

where, 

LOAEC/LOECClass 1 and LOAEC/LOECClass 2 are 
concentrations of the same CEC. 

3) One UFInter point estimate was computed in each
database record as:

UFInter = EPUCA / EPUCB 

EPUCA = 
the greater value between EPUCClass 1 and 
EPUCClass 2 

EPUCB = 
the lesser value between EPUCClass 1 and 
EPUCClass 2 

3.4.6 UFIntra Point Estimates and Final Values 

The UFIntra point estimates are based on comparisons 
of relative sensitivity between paired assays in 
different intra-species classes. Apart from potential 
differences between life stage assays in exposure 
durations and effect endpoints evaluated, other study 
design elements were held constant between the 
paired assays. 

Two UFIntra point estimate distributions were 
developed. One distribution contains all of the point 
estimates in the database (Figure 3-5), and was used 
to obtain “comprehensive type” UFIntra values for 
derivations of comprehensive SVHIGH and SVLOW 

values. The second distribution contains comparisons 
involving only population-relevant endpoints (i.e., 
behavioral, developmental, growth, reproductive, 
and survival) (Figure 3-6), and was used to obtain 
“population-relevant” UFIntra values. 

Values of both the comprehensive type UFIntra and 
population-relevant UFIntra point estimates range 
from 1 to 17,756. There were eight out of 123 UFIntra 

point estimates that exceeded 100, but these database 
records did not appear to share common study 
designs with respect to species, effect endpoints or 
CECs (Attachment 3-5).  Literature values of UFIntra 

reported for legacy contaminants (see Table 3-1) were 
comparable to the values selected for CECs based 
on percentiles of empirical UFIntra point estimate 
distributions (Table 3-12). 

Specifc percentiles of the comprehensive- and 
population-relevant UFIntra point estimate 
distributions were selected for deriving SVHIGH and 
SVLOW point estimates (Table 3-12).  Rationale for 
selected percentiles is provided in Section 3.1.4.2: 
Final Empirical UF Values as Distribution 
Percentiles. 

where, 
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a) 

b) 

Figure 3-5.  Frequency distribution of (a) all and (b) a focused subset of comprehensive type Intra-Species 
UF (UFIntra) point estimates derived from data reported in publications that evaluate the same effects 
from exposure to a given CEC in two or more intra-species classes. Results from both sex and life stage 
comparisons are included. Selected percentiles of the distribution of all point estimates are indicated 
(N=123; min=1; max=17,756). The UFIntra 25%ile and 75%ile values were used to derive comprehensive 
SVHIGH and SVLOW point estimates, respectively.  X-axis values are mid-points of frequency distribution bin 
intervals. 
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a) 

b) 

Figure 3-6.  Frequency distribution of (a) all and (b) a focused subset of population-relevant Intra-Species 
UF (UFIntra) point estimates derived from data reported in publications that evaluate the same effects 
(population-relevant adverse effect endpoints) from exposure to a given CEC in two or more intra-
species classes. Results from both sex and life stage comparisons are included. Selected percentiles of 
the distribution of all point estimates are indicated (N=69; min=1; max=17,756). The UFIntra 25%ile and 
75%ile values were used to derive population-relevant SVHIGH and SVLOW point estimates, respectively.  
X-axis values are mid-points of frequency distribution bin intervals
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Table 3-9. List of CEC Categories and individual CECs (and CEC mixtures) for which publications of 
laboratory studies were located that included parallel or sequential assays in two or more within-species 
classes. 

CEC Category CEC Number of 
Database Records 

Alkyl phenol 4-Nonylphenol 2 

Flame Retardant 

BDE-209 5 
DE-71 4 
triphenyl phosphate (TPP) 5 
tris-(1,3-dichloro-2-propyl) phosphate 
(TDCPP) 7 

Fungicide 
Ronilan 1 
Vinclozolin 3 

Herbicide Trifluralin 3 

Hormone 

17a-ethinylestradiol (EE2) 7 
17a-methyltestosterone 3 
17B-estradiol (E2) 5 
Cyproterone acetate 6 
Dihydrotestosterone (DHT) 1 
Estriol (E3) 2 
Estrone (E1) 3 

Plant hormone B-sitosterol 4 

Personal Care Product (antibacterial) 
Triclosan 5 
Triclocarban 1 

Pesticide Pentachlorophenol 3 
Pharmaceuticals - analgesic and anti-
inflammatory 

Acetaminophen 1 

Pharmaceuticals - antibiotic 
Sulfamethoxazole 1 
Trimethoprim 1 

Pharmaceuticals - anticholesterol Fenofibric Acid 1 
Pharmaceuticals - anticonvulsant Carbamazepine 3 
Pharmaceuticals - antidepressant Venlafaxine 2 
Pharmaceuticals - antitumor -
aromatase inhibitor 

Fadrazole 1 
Letrozole 5 

Pharmaceuticals - beta blocker - blood 
pressure suppressant 

Propranolol Hydrochloride 2 

Pharmaceuticals - lipid regulator Gemfibrozil 1 

Pharmaceuticals - NSAID 
Ibuprofen 6 
Mefenamic Acid 3 
Naproxen 1 

Plasticizer 
Bisphenol A 13 
Tricresyl phosphate (TCP) 5 

Surfactant perfluorooctane sulfonate (PFOS) 4 
Veterinary Hormone B-Trenbolone 1 

Wood Extractive 
Betulinol (BET) 1 
Dehydroabietic Acid (DHAA) 1 

TOTAL 123 
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Table 3-10.  Pairings of species’ subclasses that were used to calculate UFIntra point estimates. There 
were one or more database records for each type of pairing, associated with different CECs and/or effect 
endpoints. 

Species 
(Common 

Name) 

Comparison 
Class 

Class 1 
(Sex: Male, 

Female; 
Life Stage: 

Embryo, Larva, 
Juvenile, Adult) 

Class 2 
(Sex: Male, 

Female; 
Life Stage: 

Embryo, Larva, 
Juvenile, Adult) 

Number 
of 

Database 
Records 

Common Carp Sex M F 2 

Creek Chub Sex M F 1 

Fathead 
Minnow 

Sex M F 14 

Life Stage 

E A 2 

E J 1 

E L 1 

J A 1 

L A 1 

L J 5 

Goldfish Sex M F 1 

Guppy Sex M F 1 

Japanese 
medaka 

Sex M F 16 

Life Stage 

A E 6 

E L 1 

J A 2 

J E 2 

Mummichog Sex M F 7 

Sheepshead 
minnow Life Stage 

E A 2 

E J 2 

J A 2 

Zebrafish 

Sex M F 37 

Life Stage 

A E 7 

A L 1 

E L 3 

J A 2 

L A 2 

L J 1 

TOTAL 123 
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Table 3-11.  Effect categories represented in pairwise comparisons of two different intraspecies classes 
(based on sex or life stage) in computation of UFIntra point estimates. 

Effect Endpoint 
Inclusiveness 

Class 1 Effect 
Category 

Class 2 Effect 
Category 

Number of Database 
Records 

Population-
relevant 

Behavioral 
Behavioral 1 

Reproductive 1 

Developmental 

Behavioral 1 
Developmental 1 

Growth 1 
Mortality/Survival 6 

Reproductive 12 

Growth 
Growth 20 

Reproductive 1 

Mortality/Survival 
Developmental 2 

Mortality/Survival 5 
Reproductive 3 

Reproductive 
Developmental 1 

Mortality/Survival 1 
Reproductive 13 

Comprehensive 

(not also counted 
with Population-
relevant endpoints) 

Gross Pathology Gross Pathology 9 
Metabolic/Physiological Metabolic/Physiological 13 

Neurological Neurological 1 
Reproductive 
(blood/plasma 

reproductive hormones) 

Reproductive 
(blood/plasma 

reproductive hormones) 
26 

Reproductive 
(reproductive hormone 

production) 

Reproductive 
(reproductive hormone 

production) 
4 

Reproductive 
(secondary sex 
characteristics) 

Reproductive 
(secondary sex 
characteristics) 

1 

TOTAL 123 
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Table 3-12.  Final UFIntra values (unitless) are based on percentiles of the UFIntra point estimate distribution, 
and are used to derive water SVs to characterize CEC hazards to freshwater fsh. The UFIntra 25%ile and 
75%ile values were used to derive SVHIGH and SVLOW point estimates, respectively. 

Effect 
Endpoint 

Inclusiveness 

SV 
Type UFIntra in SV Derivation 

Effect 
Categories 

N 

Percentiles in 
UFIntra Point 

Estimate 
Distribution 

Final 
UFIntra 

Values 
(unitless) 

Population-
relevant 

SVLOW 

One of the UFs used to derive a 
water concentration below which 
adverse population effects ARE 
NOT expected in wild fish 

Behavioral 
Developmental 
Growth 
Reproductive 
Survival 

69 

99%ile = 17,756 
95%ile = 1304 
90%ile = 452.9 

9.1 

75%ile = 9.12 

Population-
relevant 

SVHIGH 

One of the UFs used to derive a 
water concentration above which 
adverse population effects ARE 
expected in wild fish 

50%ile = 2.64 

1.5 
25%ile = 1.50 
10%ile = 1.10 
5%ile = 1.02 
1%ile = 1.00 

Comprehensive SVLOW 

One of the UFs used to derive a 
water concentration below which 
adverse effects in individual fish 
ARE NOT expected in the wild All Effect 

Categories 
123 

99%ile = 1840 
95%ile = 452.9 
90%ile = 56.9 

11 

75%ile = 11.0 

Comprehensive SVHIGH 

One of the UFs used to derive a 
water concentration above which 
adverse effects in individual fish 
ARE expected in the wild 

50%ile = 2.64 

1.6 
25%ile = 1.55 
10%ile = 1.11 
5%ile = 1.05 
1%ile = 1.00 
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3.5 Exposure Duration 

3.5.1 Purpose 

The purpose of the Exposure Duration UF (UFDura) 
is to extrapolate exposure-effect relationships 
(expressed as a LOAEC or NOAEC) from a controlled 
laboratory study that tested for effects after acute 
or subchronic exposures to an adjusted effect 
concentration after chronic exposure.   

3.5.2 Background 

Early human health risk assessment guidance 
recommends applying an uncertainty factor 
specifcally to account for exposure duration 
extrapolations (USEPA 1989).  Likewise, it is 
well-established in ecotoxicology that there is a 
negative relation between exposure duration and 
the LOAEC (e.g., USEPA 1997).  That is, LOAECs 
after acute exposures typically occur at greater water 
concentrations than after subchronic exposure, and 
subchronic LOAECs generally are greater than 
chronic LOAECs. USEPA (1997) summarizes several 
reviews of this phenomenon in laboratory mammals 
exposed to legacy contaminants. 

For the purposes of this document, we applied the 
following defnitions to exposure durations in fsh: 

• Acute: <7 days exposure
• Subchronic: 7 – 28 days exposure
• Chronic: >28 days exposure

A classic defnition of “chronic” exposure is a duration 
of ≥10% of the life span of the organism (Suter 1993). 
However, our CEC Ecotoxicity Database currently 
includes studies on 20 fsh species, and more species 
will be included as additional CECs are added to 
the database. This large number of species, plus 
the consideration that life span may vary with sex, 
renders application of this defnition unmanageable 
in our evaluation. Acute assays typically expose fsh 
for 24, 48, 72, 96, or 120 hours (i.e., up to 5 days), and 
a recommended acute exposure duration in fsh for 
laboratory studies is at least 96 hours (>4 days) (USEPA 
1996b). Based on these guideposts, we defned acute 
exposure in the CFED as <7 days. Subchronic/ chronic 
exposure was simply defned as non-acute, or, the 
converse of acute exposure (≥7 days). 

We used recommended experimental designs for fsh 
toxicity assays as guideposts to identify a reasonable 
threshold exposure duration between subchronic 
and chronic exposures . Recommended exposure 
durations for test species in the early life stage toxicity 
test range from 28 to 60 days (USEPA 1996c).  For 
many experimental fsh species, recommended 
exposure duration in the partial life cycle test includes 
approximately 21 days of exposure in the F0 generation 
followed by a few days to up to 4 weeks of exposure 
in the F1 generation (OECD 2008). The full life cycle 
test is a chronic exposure assay,  exposing fsh from the 
beginning of one life stage through the same life stage 

one generation later (e.g., egg to egg) (USEPA 1996d). 
Our selected defnition of >28 days for chronic duration 
incorporates all of these standard ecotoxicity tests in fsh. 

The UFDura was applied to LOAECs and NOAECs 
associated with acute or subchronic exposure assays 
in adults or juveniles, which are life stages that persist 
longer than 28 days in the majority of fsh species. 
Although the entire duration of the embryo or larval life 
stage is often well within subchronic or acute exposure 
durations, effect concentrations were not adjusted 
with respect to exposure duration for early life stage 
exposures. 

For adult and juvenile fsh, ecotoxicity literature searches 
were focused on locating studies that evaluate effects 
of CECs in fsh after subchronic or chronic exposure. 
The majority of records in the CFED refect chronic 
exposures. However, there are certain important effect 
endpoints in adults and juveniles that are typically 
evaluated after shorter exposure periods, and these 
endpoints were not excluded from the databases 
based strictly on exposure duration. For example, 
assays that evaluate oxidative stress, gene expression, 
certain behavioral endpoints, and certain physiological 
endpoints (e.g., gill ventilation) are often evaluated after 
short-duration exposures. For the most part, these 
effect endpoints would not be considered population-
relevant by our working defnition (see Section 2.5, 
Figure 2-2, and Attachment 2-1 for further discussion 
of population-relevance). However, wherever assays 
with short exposure durations were included in order 
to capture certain effect endpoints, often there were 
other endpoints – some of them population-relevant (e.g., 
mortality) - that also were evaluated in the same assays 
and were included in the CFED and were used to derive 
SVs. 

Raimondo et al. (2007) summarized the literature on 
acute-to-chronic ratios (ACRs) of LOAECs for a variety 
of legacy contaminants in aquatic organisms. In fsh, 
the 10th and 90th percentiles were found to be 2.7 and 
90, respectively, with a minimum of 1.2 and median 
value of 9.3 (Raimondo et al. 2007). In an earlier review, 
Lange et al. (1998) summarized percentiles of the ratios 
of fsh acute EC50/chronic NOEC in 55 legacy organic 
contaminants. The 50th and 90th percentiles were 
found to be 5.53 and 24.2 in halogenated organics, 6.4 
and 21.8 in aromatic hydrocarbons, and 12.98 and 71.2 in 
pesticides, while the 50th percentile of the ACR in “other 
organics” was 2.21. Focusing on the lethality endpoint, 
Mayer et al. (1994) estimated the 97th percentile of the 
chronic/acute ratio in fsh for 18 legacy contaminants to 
be approximately 3.6. In human health risk assessment, 
Dourson et al. (1996) summarized empirical subchronic 
to chronic ratios from toxicity assays reported in several 
reviews, and reported average ratios between two and 
three, and a 95th percentile of approximately 10. In a 
focused review of mammalian oral toxicity assays in six 
chlorinated volatile legacy contaminants, subchronic/ 
chronic ratios were ≤ 3.5 (Kadry et al. 1995). 
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No review of ACR values in fsh was located for CECs. 
As the fsh ecotoxicity literature on CECs continues to 
expand, ratios of this type may form the basis for an 
empirical derivation of UFDura for CECs, possibly by 
CEC Category, in future updates of this document. 

3.5.3 UFDura Final Values 

The CEC SVs developed in this document are used 
to assess hazard to fsh from long-term continuous or 
repeated (high frequency) exposures in fsh, such as may 
occur in waterbodies that receive continuous discharges, 
or persistently episodic discharge or runoff containing 
CECs. 

Guidelines for UFDura values (Table 3-13) were developed 
using literature reviews and precedent reviewed above. 
Selected values of UFDura  range from one to fve, which 
fall within the range of ecotoxicity and human health risk 
assessment values for this UF for legacy contaminants 
(see Table 3-1, Raimondo et al. 2007, Lange et al. 1998, 
Dourson et al. 1996, Kadry et al. 1995, Mayer et al. 1994). 
However, selected values do not refect extreme UF 
values in the reported ranges for legacy contaminants. 
The values are distributed on an ordinal scale, and 
assigned based on the difference in assay duration 
between the empirical short-term and the target duration 
of ≥ 28 days in fsh juveniles or adults. At this time, the 
selected maximum value of fve is recommended where 
the assay exposure is less than one day.  However, with 
very few exceptions our CFED systematically excluded 
short-term exposure assays, and such short duration 
single exposures may not be common in environmental 
exposure scenarios. Thus, the scaling of UFDura to assay 
duration may be revisited in future revisions of this 
document. 

3.6 Effect Concentration 

3.6.1 Purpose 

The purpose of the Effect Concentration UF (UFConc) 
is to extrapolate an unbounded LOAEC determined 
in a controlled laboratory study to an estimated 
corresponding NOAEC for the same chemical and 
endpoint, in the same species and life stage. 

3.6.2 Background 

The rationale for using LOAEC and NOAEC values 
as effect concentration metrics throughout this CEC 
toxicity assessment is provided in the description of 
Effect Concentrations in the CFED (Section 2.4). 

Chapter 4 describes the derivation of SVLOW values, 
which are concentrations of dissolved CEC in water 
below which negligible hazard to fsh is anticipated. 
The input to deriving an SVLOW point estimate is a 
NOAEC, which may be either bounded or unbounded 
(see defnitions in Section 2.4.1). However, some 
records in the CFED report only an unbounded 
LOAEC, where no NOAEC is reported. An SVLOW 

point estimate may be derived from an adjusted 
NOAEC, which is obtained by applying the UFConc to 
an unbounded LOAEC. The UFConc is not applied in 
the derivation of SVHIGH point estimates, where the 
effect concentration input to the derivation process is 
a LOAEC. 

There is considerable precedent for the application 
of the UFConc in regulatory toxicology of legacy 
contaminants, in both human health and ecological 
contexts. The U.S. Department of Health and Human 
Services, Centers for Disease Control, Agency for 
Toxic Substances and Disease Registry (ATSDR) 
derives Minimal Risk Levels (MRLs) for “evaluating 
public health risks associated with exposure to 
hazardous substances” (Pohl and Abadin 1995).   
During MRL derivation, ATSDR uses a UF “…to 
account for uncertainties associated with extrapolation 
from a LOAEL to a NOAEL….” The USEPA utilizes 
an UF “…to account for the uncertainty involved in 
extrapolating from LOAELs to NOAELs…” in the 
derivation of reference doses (RfDs) for evaluating 
risk from oral exposure to a chemical in human health 
risk assessments (Barnes and Dourson 1988, USEPA 
1989, USEPA 1993b).  The European Union applies a 
number of assessment factors, including a LOAEL-to-
NOAEL factor, to human and animal toxicity data to 
obtain a “derived no-effect level” (DNEL) for chemical 
hazard assessment for workers and the general public 
(ECETOC 2010). 

Table 3-13. Application guidance for the Exposure Duration UF (UFDura). 

Source of Uncertainty UFDura Value Assignment Conditions 
Based on Data in the CEC Fish Ecotoxicity Database 

UFDura Values 
for Deriving 

SVs 

EXPOSURE 
DURATION 

Extrapolation of exposure-effect relationships (expressed as a LOAEC or NOAEC) from 
a controlled laboratory study that tested for effects after acute or subchronic exposures to 
an adjusted effect concentration after chronic exposure  

More than 4 weeks (>28 days) of exposure involving fish exposed 
only as adults or only as juveniles; all tests involving exposure of 
only embryo or only larval stages in individual fish; all tests 
involving exposures in more than one life stage in individual fish 

1 

1 to 4 weeks (7 – 28 days) in adults or juveniles 2 
1 to 7 days in adults or juveniles 3 
Less than 24 hours in adults or juveniles 5 
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In human health risk assessment, the LOAEL 
NOAEL uncertainty factor has been estimated 
empirically.  Among assays conducted with six 
chlorinated volatile organics, 91% of the LOAEL/ 
NOAEL ratios were ≤ 6 (Kadry et al. 1995).  Dourson 
and Stara (1983) reviewed the history of the use of 
uncertainty factors in human health risk assessment, 
and found that the LOAEL/NOAEL ratio was fve 
or less for 96% of the chemicals reviewed. In a 
subsequent review of science-based UFs in non-cancer 
human risk assessment, Dourson et al. (1996) indicate 
that the data support LOAEL-NOAEL UFs ≤10, while 
the USEPA (1997) acknowledged that multiplying a 
LOAEL by 0.1 is “standard practice.” 

Considerably less information is available regarding 
LOAEC-NOAEC adjustment in ecological hazard 
assessment. In their review of uncertainty factors 
that have been used in EHAs for legacy contaminants, 
Duke and Taggert (2000) found that values of UFConc 

ranged from 2 to 55 (see Table 3-1).  No study 
comparing paired chronic LOAEC to NOAEC values 
for legacy or emerging contaminants was located in 
fsh ecotoxicity literature. 

3.6.3 UFConc Final Values 

Guidelines for UFConc values (Table 3-14) were 
developed based on precedent in human health and 
ecological risk assessment (see above). We did not 
locate a review of LOAEC-NOAEC comparisons 
in CEC assays in fsh, so we provisionally accepted 
the results of Dourson and Stara (1983) as a guide 
to specify a maximum UFConc value of fve (Table 

x 100% 

3-14). This value was the 95th percentile of LOAEL/
NOAEL ratios in their review of toxicology assays in
legacy contaminants conducted for human health risk
assessment. The selected maximum falls at the lower
end of the range of guidelines and historical usage
in legacy contaminant ERAs (Table 3-1; Duke and
Taggart 2000).

Levels of UFConc below the maximum value of fve that 
are provided in Table 3-14 simply refect ordinal levels 
of combined uncertainty from both LOAEC-NOAEC 
extrapolation and nominal-measured concentration 
differences. The analysis provided below provides 
some justifcation for including the nominal-measured 
concentration distinction in the UFConc guide. 

No review of the relationship between nominal and 
measured concentrations in fsh exposed to aqueous 
contaminants was located, nor did we locate a 
precedent for adjusting for this source of extrapolation 
uncertainty.  However, a number of studies included 
in the CFED reported both nominal and measured 
concentrations at each exposure level (Bjerregaard et 
al. 2008, Flinders et al. 2014, Galus et al. 2013, Hatef 
et al. 2012, Hua et al. 2013, Imai et al. 2007, Ishibashi 
et al. 2004, Ji et al. 2013, Kang et al. 2002, Li et al. 
2009, Li et al. 2010, Li et al. 2011, Mandich et al. 2007, 
Mihaich et al. 2012, Morthorst et al. 2013, Olsen et al. 
2014, Orvos et al. 2002, Overturf et al. 2012, Schultz et 
al. 2012, Sohoni et al. 2001, Staples et al. 2011, van den 
Brandhof and Montforts 2010, Yokota et al. 2000 and 
Zenobio et al. 2014). We compiled all of the nominal-
measured paired concentrations reported in these 
studies into a single database (N= 101), and computed 
percent difference of measured concentrations from 
nominal concentrations, as follows: 

The data compilation (Figure 3-7) provided the 
following results: 

• Nominal concentrations overestimate
measured concentrations (measured <
nominal) in 78% of observations, and
underestimate in 21%.

• Percent difference of measured from nominal
concentration is ≤  25% (+ or -) in 71% of
observations.

• Percent difference of measured from nominal
concentration is ≤  50% (+ or -) in 88% of
observations.

• Measured is more than 100% greater than
nominal in only 3% of observations.
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Figure 3-7. Frequency distribution of percent difference of measured concentrations from nominal concen-
trations reported in 24 publications included in the CEC Fish Ecotoxicity Database. 

Table 3-14. Application guidance for the Effect Concentration UF (UFConc). 

Source of Uncertainty Description 
Selected UFConc 

Values for Deriving 
Low SVs 

EFFECT CONCENTRATION
20

Extrapolation from LOAEC to NOAEC for the same 
endpoint, species, life stage, and exposure duration.  This 
UF is only used to derive SVLOW point estimates. 

Bounded or unbounded NOAEC based on measured exposure 
concentrations is available 1 

No measured NOAEC is available, but a bounded or unbounded 
NOAEC based on nominal exposure concentrations is available 2 

No NOAEC is available, but an unbounded LOAEC based on 
measured exposure concentrations is available 3 

No NOAEC is available, but an unbounded LOAEC based on 
nominal exposure concentrations is available 5 

20In this report, ECX and LCX were not used to derive SVLOW values, but may be considered in future updates. Effect Concentration (EC)X values identify 
an estimated exposure concentration resulting in a specifed prevalence of an effect in tested individuals; it is an exposure concentration that would result 
in observed adverse effects in ‘X’ percent of exposed individuals (LCX is an ECX, where the effect endpoint is lethality). 
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3.7 Database Adequacy 

3.7.1 Purpose 

The purpose of the Database Adequacy UF (UFData) 
is to account for uncertainty associated with limited 
quantity and breadth of reliable and available 
ecotoxicity information.  Differences between CECs 
in the richness of available published information 
are refected in the number of Effect Categories 
represented in the CFED. The CEC-specifc UFData 

values are used to extrapolate from the geometric 
mean among effect-specific SVs to CEC-specific 
mean SVs (Figure 1-2; also refer to Figure 4-1).

3.7.2 Background 

There are few precedents for the database adequacy 
UF in derivation of ecotoxicity thresholds in the U.S. 
In USEPA human health dose-response assessments 
for the derivation of an RfD, a modifying factor “… 
is sometimes used which is based on a professional 
judgment of the entire data base of the chemical” 
(USEPA 1989, USEPA 1993b).  European Union 
guidance for computing derived no effect levels 
(DNELs) includes the application of an assessment 
factor for “quality of the ‘whole’ database” (ECETOC 
2010). Incorporation of UFData into CEC SV 
derivations is consistent with these precedents. 

The UFData is the only uncertainty factor that is not 
applied during derivation of SV point estimates. For 
both population-relevant and comprehensive SVs, the 
process of deriving SVHIGH and SVLOW values from 
literature-reported effect concentrations results in 
three sets of products (Figure 1-2; refer to Section 4.3): 
SV Point Estimate Distributions, Effect Category-
Specific SVs, and mean SVs. The UFData is applied
during the last derivation step, moving from Effect 
Category-Specific SVs to mean SVs (see Section 4.3.4).

3.7.3 UFData Final Values 

The UFData values are applied using a simple system. 
The basis for assigning UFData values for a CEC 
was the number of Effect Categories for which a 
LOAEC or NOAEC was reported in the CFED. Since 
the number of Effect Categories differed in the 
derivations of population-relevant and comprehensive 
SVs, there are two sets of UFData assignment guidance 
and values (Table 3-15).  CEC-specific UFData values for 
deriving mean SVLOW values are provided in Table
3-16; UFData values for deriving SVHIGH values for each
CEC are provided in Table
3-17.

Table 3-15.  Application guidance for the Database Adequacy UF (UFData). 

Source of 
Uncertainty 

UF Value Assignment Conditions 
Based on Data in the CEC Fish Ecotoxicity Database 

UF Values 
for 

Deriving 
SVs 

Database 
Adequacy 

(Comprehensive 
type) 

Breadth of endpoints considered for determining this UF include all Effect Categories 
for which effects endpoints in fish were evaluated in controlled lab studies for the 
chemical of interest. This UF is applied to the geometric mean of effect-specific SVs 
to compute the Mean Comprehensive Screening Value. 

More than four effects categories have SV point estimates, for the given CEC 1 
Three or four categories have SV point estimates, for the given CEC 3 
One or two effect categories have SV point estimates, for the given CEC 5 

Database 
Adequacy 

(Population-
relevant) 

Breadth of endpoints considered for this UF are limited to endpoints within the 
following population-relevant Effect Categories that could be readily used to model 
impact to survival and propagation:  Growth, Developmental, Reproductive, 
Survival/Mortality, Behavioral (only as pertaining to endpoints directly relevant to 
adult survival, reproduction, or recruitment of next generation breeders - such as 
ability to escape predators or capture food, breeding behavior, or nesting behavior. 

Four or more effects categories have SV point estimates, for the given CEC 1 
Two or three categories have SV point estimates, for the given CEC 2 
Only one Category has a SV point estimate; only Survival/Mortality, for the 
given CEC 3 

Only one Category has a SV point estimate; not Survival/Mortality, for the 
given CEC 5 
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Table 3-16.  Database Adequacy UF values for deriving SVLOW values, based on the number of Effect Cate-
gories in the CEC Fish Ecotoxicity Database reporting a NOAEC or an unbounded LOAEC.  Some, but 
not all, endpoints in the population-relevant (P) Effect Categories were determined to be population-
relevant;  total numbers of eligible records for each Effect Category are listed in the comprehensive type 
(C) rows.
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P Behavioral 1 6 5 1 2 1 1 1 2 1 6 3 
P Developmental 23 6 1 6 2 3 4 2 5 3 
P Growth 1 8 3 2 1 2 3 3 1 
P Mortality 7 2 3 1 1 4 1 1 2 1 
P Reproductive 2 13 2 1 4 3 5 3 2 

C Behavioral 1 7 5 1 2 1 1 1 5 1 6 3 
C Developmental 26 6 1 6 2 3 4 3 5 3 
C Growth 1 8 3 2 1 2 3 3 1 
C Mortality 7 2 3 1 1 4 1 1 2 1 
C Reproductive 2 15 2 1 4 1 4 8 3 2 

C Cancer 

C 
Circulatory/ 
Blood 
Constituents 

2 1 1 2 

C Endocrine/ 
Hormone 1 1 1 

C Genotoxicity 1 1 
C Gross Pathology 2 
C Histopathology 2 1 1 1 2 
C Immunological 1 
C Neurological 2 

C Physiological/ 
Metabolic 4 1 2 1 1 

Population-relevant 
Database Adequacy UF 
Values 

2 1 1 5 2 2 1 1 1 5 1 2 1 1 

Comprehensive type 
Database Adequacy UF 
Values 

5 1 1 5 1 5 1 1 1 5 1 3 1 1 
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Table 3-17.  Database Adequacy UF values for deriving SVHIGH values, based on the number of Effect 
Categories in the CEC Fish Ecotoxicity Database reporting a LOAEC (either bounded or unbounded).  
Some, but not all, endpoints in the population (P) Effect Categories were determined to be population-
relevant; total numbers of eligible records for each Effect Category are listed in the comprehensive type 
(C) rows.
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P Behavioral 1 6 2 1 1 1 1 2 1 4 3 
P Developmental 18 5 1 4 1 2 3 2 4 
P Growth 1 1 1 1 
P Mortality 2 1 2 1 3 1 1 
P Reproductive 13 2 4 3 2 1 1 2 

C Behavioral 1 6 2 1 1 1 1 2 1 4 3 
C Developmental 20 5 1 4 1 2 3 3 4 
C Growth 1 1 1 1 
C Mortality 2 1 2 1 3 1 1 
C Reproductive 2 15 2 4 1 4 4 1 1 2 

C Cancer 

C 
Circulatory/ 
Blood 
Constituents 

2 1 1 2 

C Endocrine/ 
Hormone 1 1 1 

C Genotoxicity 1 

C Gross 
Pathology 1 

C Histopathology 2 1 
C Immunological 
C Neurological 2 

C Physiological/ 
Metabolic 4 2 1 1 

Population-relevant 
Database Adequacy 
UF Values 

5 1 1 5 3 2 2 1 2 5 2 2 1 2 

Comprehensive type 
Database Adequacy 
UF Values 

5 1 1 5 3 5 3 1 1 5 3 3 3 1 
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3.8 Cumulative Uncertainty 

The SV point estimates were developed in individual 
records of the CFED by dividing cumulative UF 
(UF∏) values into LOAECs or NOAECs. Cumulative 
UF values are aggregations of individual UF 
values that are associated with separate sources 
of uncertainty: Chemical Complexity (UFCC), 
Inter-species Sensitivity (UFInter), Intra-species 
Sensitivity (UFIntra), Effect Concentration (UFConc), 
and Exposure Duration (UFDura). Each component 
UF value, in turn, refects assay conditions from 
which corresponding effect concentrations were 
generated. Thus, each UF∏ is paired with a specifc 
effect concentration to produce one SV point estimate. 
Since separate sets of UF values were developed for 
deriving SVHIGH and SVLOW point estimates (see Table 
3-2), sources of uncertainty were aggregated to obtain
separate cumulative UFs for deriving SVHIGH values
(UF∏-High) and SVLOW values (UF∏-Low).

Systematic interactions or correlations between 
sources of extrapolation uncertainty have not been 
described for CEC effects in fsh. In the absence of 
contrary information, we adopted the conservative 
assumption that sources of uncertainty vary 
independently of each other, which is consistent with 
risk assessment guidance from regulatory agencies 
(e.g., USEPA 1989).  Thus, sources of uncertainty were 
aggregated as the simple multiplication product of UF 
values across sources of uncertainty, as follows:  

For deriving SVHIGH point Estimates: 
UF∏-High = UFCC-High * UFInter-High * UFIntra-High * 
UFDura-High 

For deriving SVLOW point Estimates: 
UF∏-Low = UFCC-Low * UFInter-Low * UFIntra-Low * 
UFDura-Low * UFConc 

Multiplication of UFs is conservative because it 
maximizes the numeric value of cumulative uncertainty 
given the component UF values. This conservatism 
in computation is partially offset by the fact that 
each component UF value was near the low end 
of the corresponding overall range of values.  For 

UFCC, UFInter and UFIntra , the fnal values were 
quartiles of UF point estimate distributions with 
values that generally occurred near the low end of 
the distributions (see Figures 3-1 through 3-6).  For 
UFConc and UFDura, our selected range of values was 
near the low end of comparable UF values reported 
in the literature for legacy contaminants (compare 
Tables 3-13 and 3-14 against Table 3-1). 

Uncertainty due to Database Adequacy (UFData) was 
not included in the derivation of SV point estimates 
(see Figure 1-2; Section 3.7), and so is not aggregated 
with the other UFs to obtain UF∏ values. 

In individual records of the CFED, separate UF∏

values were computed for up to four types of SV point 
estimates (population-relevant SVHIGH; population-
relevant SVLOW; comprehensive SVHIGH or 
comprehensive SVLOW), using record-specifc values 
for each UF (Attachments 4-2A, B, C, and D, 
respectively). Actual ranges of UF∏ values utilized in 
the derivations of the four SV types were: 

• Population-relevant UF∏-High: 2.475 – 7.425
(Figure 3-8),

• Population-relevant UF∏-Low: 78.6 – 1179.4
(Figure 3-9),

• Comprehensive UF∏-High: 2.64 – 13.2
(Figure 3-10), and

• Comprehensive UF∏-Low: 195.8 – 2937
(Figure 3-11).

Two clear patterns emerge from these ranges.  First, 
as a group, UF∏-High values are at least an order of 
magnitude lower than UF∏-Low values, and second, 
the breadth of UF∏-High values is much smaller than 
the range of UF∏-Low values. However, there was no 
consistent relationship in magnitudes of paired UF∏

values and SV point estimates. That is, large UF∏

values were not consistently related to low SV values, 
and small UF∏ values were not consistently related to 
high SV values (see Figures 3-8 to 3-11). 
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Figure 3-8.  Frequency distribution of population-relevant SVHIGH point estimate values as related to 
cumulative UF values used to derive the SVHIGH values. This graphic illustrates that the magnitude of 
cumulative UF does not introduce systematic bias into population-relevant SVHIGH point estimate values. 
X-axis values are upper bounds of x-axis frequency distribution bin intervals.

Figure 3-9. Frequency distribution of population-relevant SVLOW point estimate values as related to 
cumulative UF values used to derive the SVLOW values. This graphic illustrates that the magnitude of 
cumulative UF does not introduce systematic bias into population-relevant SVLOW point estimate values. 
X-axis values are upper bounds of frequency distribution bin intervals.

62 



Figure 3-10.  Frequency distribution of comprehensive SVHIGH point estimate values as related to cumulative 
UF values used to derive the SVHIGH values. This graphic illustrates that the magnitude of cumulative UF 
does not introduce systematic bias into comprehensive SVHIGH point estimate values. X-axis values are 
upper bounds of frequency distribution bin intervals. 

Figure 3-11. Frequency distribution of comprehensive SVLOW point estimate values as related to cumulative 
UF values used to derive the SVLOW values. This graphic illustrates that the magnitude of cumulative UF 
does not introduce systematic bias into comprehensive SVLOW point estimate values. X-axis values are 
upper bounds of frequency distribution bin intervals. 
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3.9 Modifying Factors 

The purpose of the Modifying Factor (MF) is to 
provide, on a case-by-case basis, an opportunity 
for risk assessors to account for additional known 
or suspected sources of uncertainty in a particular 
lab-to-environmental effects extrapolation that were 
not addressed elsewhere in Chapter 3. These are 
either additional sources of uncertainty that have 
not already been explicitly accounted for in the 
uncertainty factor derivations or, in the opinion of 
the practitioner, instances where the derived values 
were not suffciently conservative given circumstances 
of the particular application. Additional sources 
of uncertainty may be associated with receptor 
characteristics, exposure differences, environmental 
stressors, or other factors that may render receptor 
species more susceptible to adverse effects from 
contaminant exposure than the tested species, but 
for which insuffcient literature data were available to 
quantitatively estimate an empirical UF. 

The SVs presented in Chapter 4 were derived 
using the UFs developed in Chapter 3, but the 
SV derivations did not involve an MF. The CEC 
uncertainty factors were applied on a record-by-record 
basis in the ecotoxicity database to obtain SV point 
estimates. Specifc UF values applied are partially 
based on the type of SV that was being derived (see 
Table 3-2).  

For example: 
• Receptor: Highly unusual life history,

morphological, behavioral, or physiological
characteristics in target, resident fsh species
that are not represented among the test
species in the literature used to derive the
UFInter (see Attachment 3-4).  Such as, an
extremely long life span (>70 yrs) and late
age at sexual maturity (>20 yrs in females)
in lake sturgeon that deviate signifcantly from
the relatively short-lived species used to derive
values for UFInter.

• Stressor: Non-contaminant stressors (e.g., pH,
DO, temperature, turbidity, water velocity,
and forage availability and/or quality) may
increase receptor susceptibility in various
ways, such as increasing physiological stress
and reducing energy reserves.  If non-

contaminant stressors are measured or 
estimated in the environment at levels that 
diverge signifcantly from the range of 
laboratory conditions under which the 
experiments to derive SVs were conducted, it 
would be appropriate to apply an MF. 

• Exposure: Unusual environmental exposure
scenario, such as acute spikes, repeated, or
intermittent environmental exposure, in
contrast to lab study conditions of continuous
or renewal, subchronic or chronic exposures
used to derive the SVs.

The SVs may be adjusted for application-specifc 
conditions using the MF, as follows:  

SVadj = SV / MF. 

The practitioner may use any MF value, but the 
rationale for the type(s) and magnitude of uncertainty 
addressed by the MF should be documented. Specifc 
values are assigned by professional judgement on a 
case-by-case basis, and may depend on factors such as: 

• the	number	and	degree	of	unaccounted-for
uncertainty sources,

• the	degree	that	field	conditions	deviate	from
design characteristics or test conditions in
experiments that were represented in the
CFED (Chapter 2) or UF databases (Sections
3-2, 3-3, 3-4),

• the	presence	in	the	CFED	of	at	least	one
LOEC value that is regarded by the
practitioner as sufficiently adverse to include in
the SV derivation, and that is a lower
concentration than any of the LOAECs used to
derive the SV. Although LOECs were included
in the CFED, they were not used to derive
SVs.

The MF may be applied to both the SVLOW and 
SVHIGH, as circumstances of the particular application 
suggest, but the different hazard interpretations of 
SVLOW and SVHIGH values should be considered. 
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CHAPTER 4 - SURFACE WATER CEC SCREENING 
VALUES for FRESHWATER FISH ECOLOGICAL 
HAZARD ASSESSMENT 
4.1 Purpose 

The CEC SVs presented in this chapter are principally 
intended to be used as decision-making resources. 
Grounded in empirical ecotoxicity information, they 
comprise a fexible set of guidance values to facilitate 
CEC relative hazard assessment. Appropriate 
applications of CEC SVs are intended to provide 
researchers and resource managers with reliable 
information to rank alternative actions and prioritize 
activities with respect to potential CEC impacts in fsh. 

The CEC SVs presented here should not be 
misinterpreted as regulatory values or absolute 
toxicity thresholds. The USFWS does not have the 
authority to establish national regulatory screening 
values for contaminants, and estimation of absolute 
toxicity thresholds was not one of the goals of this 
project. 

4.2 Background 

Hazard screening values are an end product of 
the Toxicity Assessment portion of a chemical 
ecological hazard assessment (Figure 1-1).  Surface 
water CEC SVs are estimated concentrations of 
chemicals in water that demarcate expectations 
about adverse effects in target biota under feld 
conditions. Representations of either measured or 
modeled contaminant concentrations in surface water 
comprise the corresponding Exposure Assessment 
portion of a chemical ecological hazard assessment 
for surface water. The SVs described in this chapter 
were developed to screen CEC concentrations in 
surface water in order to evaluate relative CEC 
hazard potential in freshwater fsh. Laboratory 
studies used to derive the SVs reported aqueous CEC 
concentrations. Therefore, when the CEC SVs are 
applied in an EHA, the Exposure Assessment should 
generate measured or modeled dissolved CEC in 
water for hazard screening. Hazard scores may be 
developed and used to rank relative hazard between 
sampling sites, between CECs, and between sampling 
events at specifc sampling sites. 

The CEC SV concentrations generally fall between 
the chemical’s water solubility at the high end, and 
limits of detection at the low end. Currently there are 
no excursions at the high end of the SV range, and 
only a few excursions at the low end of the SV range 
(e.g., comprehensive SVLOW for estrone), but it is 
anticipated that if improvements in CEC analytical 
method sensitivity continue into the future, detection 
limits will eventually fall below lower bound SVs. 

These SVs are not intended to provide an 
understanding of absolute hazard or risk. Actual 
absolute ecotoxicity thresholds may be lower than the 
mean SVs, because: 

• the breadth and depth of appropriate
information in the literature varies
considerably between CECs; there are many
important datagaps that, if flled, may result in
a decrease (or increase) in SV estimates,

• derivation of empirical UFs utilized information
from limited datasets, and effect endpoints
were unevenly represented in the UF datasets,
so UFs may underestimate adjustments for
various sources of uncertainty, and

• derivation steps for UFs (Chapter 3) and SVs
(Section 4.3) utilized either percentiles or
metrics of central tendency of distributions
rather than extreme values, so the most
conservative effect concentrations, which may
be more refective of absolute toxicity
thresholds, were not used.

Chapters 2 and 3 described the input information 
for deriving CEC SVs. Chapter 2 introduced how 
information from the literature was organized into a 
database structured to provide NOAECs and LOAECs 
for derivation of SV point estimates (see Figure 2-1).  
Chapter 3 presented the UFs used to adjust NOAEC 
or LOAEC values for various sources of lab-to-feld 
extrapolation uncertainty, including the derivation of 
several empirically-based UFs. 
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4.2.1 Existing Surface Water Screening Values 

Surface water screening values for legacy chemical 
hazard assessments in aquatic systems have 
been developed for purposes associated with 
several U.S. and international authorities.  These 
authorities include: Clean Water Act (CWA); 
Federal Insecticide, Fungicide and Rodenticide Act 
(FIFRA); Resource Conservation and Recovery Act 
(RCRA); Comprehensive Environmental Response, 
Compensation, and Liability Act (CERCLA); as well 
as State regulations (e.g., NYSDEC 2016), European 
Chemical Bureau Directives (e.g., ECB 2003), and 
Environment Canada and Climate Change regulations 
(e.g., CCME 2007b). Regulatory programs have 
included the derivation and applications of aquatic SVs 
for legacy contaminants under various names (refer to 
Table 1-1).  

Functionally, there are two basic types of chemical 
contaminant SVs. The frst type of contaminant SV is 
a lower bound concentration, below which signifcant 
adverse impacts are not expected in receptor taxa. We 
refer to a lower bound concentration is a “SVLOW”. 
Typically, this type of SV is used to identify chemicals, 
sampling locations, receptor taxa, or chemical uses 
(such as future pesticide uses) that do not require 
further scrutiny in the ecological risk assessment 
process if measured or predicted concentrations fall 
below the SV. In the U.S. and the European Union, 
examples of existing lower bound threshold SVs for 
legacy contaminants include: 

• Ecological Screening Values developed by
USEPA Region 4 for application at hazardous
waste sites (USEPA 2015b),

• Aquatic Life Benchmarks for prospective
pesticide hazard assessment developed by the
USEPA Offce of Pesticide Programs (USEPA
2004), and

• Probable No Effect Concentrations (PNECs),
used for prospective hazard assessments in the
European Union (ECB 2003).

The second group of SVs is comprised of upper bound 
concentrations, above which it is reasonable to expect 
adverse impacts.  We refer to this type of SV is a 
“SVHIGH”. Under certain statutory or regulatory 
authorities, a management action may be triggered if 
a suffcient number and/or severity of excursions from 
this upper bound threshold are observed.  Example 
SVs in this category includes the following for legacy 
contaminants: 

• Great Lakes Water Quality Criteria (USEPA
1995),

• USEPA Aquatic Life Ambient Water Quality
Criteria (USEPA 2016b),

• New York State Water Quality Standards for
individual substances (NYSDEC 2016)

o Similar water quality criteria or
standards have been adopted for
implementation by other states

• Ecotox Thresholds for application at Superfund
sites (USEPA 1996a).

In the U.S., environmental regulations for CECs are 
very limited.  Lists of emerging contaminants and 
CEC analytical methods include 4-nonylphenol, which 
is the only CEC for which a regulatory water quality 
criterion has been fnalized in the United States, 
to date. A draft white paper entitled Aquatic life 
criteria for contaminants of emerging concern:  Part 
I - General challenges and recommendations (USEPA 
2008a) was submitted by the USEPA Offce of Water/ 
Offce of Research and Development Emerging 
Contaminants Workgroup to the USEPA Science 
Advisory Board (SAB) for review in 2008. 

Although the SAB responded with comments and 
recommendations (USEPA 2008b), guidance for 
developing aquatic life AWQCs for CECs has not yet 
been issued by the USEPA. 

The majority of existing CEC SVs available in the 
scientifc literature (Attachment 4-1) are probable no 
effect concentrations (PNECs), most of which were 
developed and applied in the European Union (EU) 
(ECB 2003). Many PNECs rely on acute ecotoxicity 
data and/or modeled effect levels (e.g., Ginebreda 
et al. 2009, Sanderson et al. 2003) in a wide array of 
aquatic taxonomic groups. One derivation method for 
PNECs utilizes a species sensitivity distribution (SSD) 
to determine a “hazardous concentration” (HCp) 
(e.g., Caldwell et al. 2012, Capdevielle et al. 2008, 
Wright-Walters et al. 2011).  To develop the SSD, effect 
concentrations in water for various aquatic species 
are plotted on concentration in water.  The HCp is 
identifed using the SSD, and represents a water 
concentration that may adversely affect a certain 
percentage (p) of species in an aquatic community.  
Hence, a PNEC based on this derivation method is 
not intended to be protective of the most sensitive 
species, but rather may be protective of approximately 
(1-p)*100% of the species in the system. At the 
discretion of the investigator, an “assessment factor”, 
often a value of 1000, may be divided into the HCp to 
account for uncertainties inherent in the HC estimate 
– in particular, the acute-to-chronic exposure duration
extrapolation (e.g., Park and Choi 2008).  A PNEC
based on an HCp is derived only if a chemical has a
suffcient number of relevant effect concentrations
reported in the literature for multiple species.

Additional CEC SV derivation approaches represented 
in the literature, and identifed in Attachment 4-1, 
include: 

• EU PNECs derived from the lowest effect
concentration located in the literature, with the
application of a generic safety factor (e.g.,
Carlsson et al. 2006, Ferrari et al. 2004,
Halling-Sorensen et al. 2000, Oehlmann et al.
2008, Park and Choi 2008, Zhao et al. 2010);

• EU Environmental Quality Standards (EQSs)
derived from relevant PNECs (e.g., Hansen
2007);
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• Canadian Water Quality Guidelines (e.g.,
BCME 2009, MOEE 1994)

• US Ambient Water Quality Criterion for
4-nonylphenol (USEPA 2005)

4.2.2 Classic SV Derivation Paradigm 

A classic approach for deriving aquatic screening 
values for legacy contaminants broadly resembles the 
following: 

1. Defne the purpose of the SV
2. Defne the scope:

a. Ecological receptor taxa (e.g., aquatic biota),
b. Effect endpoints (e.g., population-relevant

endpoints),
c. Contaminant (e.g., future-use pesticides,

CECs),
d. Exposure duration (e.g., acute or chronic),
e. Exposure medium (e.g., surface water,

sediment, biota tissue),
3. Consult appropriate ecotoxicological

databases and reviews for relevant exposure-
effect information (e.g., TOXLINE, ECOTOX);

4. Compile relevant exposure-effect information
from the literature;

5. For lower bound SVs:
a. As needed, derive surrogate effect

concentration values estimated with
quantitative models, such as ECOSAR
(Mayo-Bean et al. 2012), for chemicals that
do not have suffcient empirical information
reported in the literature;

b. Identify the critical effect concentration
from among reported empirical and modeled
effect concentrations (often, the lowest
relevant LOAEC or NOAEC, or, HCp if
using a SSD);

c. Either adopt the critical effect concentration
itself as the SV, or apply uncertainty factors
to obtain a single SV for the chemical;

6. For upper bound SVs:
a. Utilize central tendency values (e.g.,

geometric means or median values)
calculated from the effect concentration
dataset compiled from studies in target taxa
or modeled effect concentrations (e.g.,
USEPA 1985).

4.2.3 Variations on the Classical Theme:  Our Overall 
Approach for Deriving CEC SVs 

Our approach to deriving CEC SVs (Figure 4-1; also 
see Figure 1-2) is an adaptation of the classic approach 
for deriving legacy contaminant SVs as outlined 
above. The CEC SV derivation approach includes the 
following features: 

1. This analysis focused on the potential for
adverse effects in freshwater fish from chronic,
aqueous exposures to CECs in surface water,
rather than all aquatic receptors and exposure
durations;

2. Only empirical results from published
lab studies in fish were used - no modelled
effect concentrations were used;

3. Empirical CEC UFs were derived for several
sources of uncertainty (see Chapter 3) ;

4. A distribution of SV point estimates was
obtained from sets of chronic adverse effect
concentrations (LOAEC or NOAEC, as
appropriate) recorded in CFED records, by
applying uncertainty factors appropriate to the
study conditions (Section 4.3.2; Figures 4-1 and
4-2). In contrast, the classic paradigm obtains a
single SV point estimate, with or without
application of UFs, by either:
a. selecting a single critical effect concentration

from a single study as the basis for a single
SV (e.g. – the lowest NOAEC in the
database ), or

b. using a central tendency estimate, or
percentile, of effect concentrations
(NOAECs and/or LOAECs) across studies as
the basis for deriving a single SV

5. A total of twelve SV products for each CEC was
developed (see Section 4.4, Attachment
4-2, and Tables 4-1a to 4-1d) – that is, all twelve
permutations of the following factors:
a. Type of SV:  SVHIGH or SVLOW;
b. Effect Endpoint Inclusiveness:

Population-relevant or Comprehensive,
and

c. Degree of Information Aggregation:
i. Point estimate distributions,
ii. Effect-specific SV values, or
iii. Mean SV values.
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4.3 CEC SV Derivation Methods 

4.3.1 Scope 

Screening values were developed for the chronic 
exposure of fsh to emerging contaminants in surface 
water, as measured in the aqueous phase.  Numeric 
values of SVs are provided for 14 CECs that were 
among the most commonly detected in surface 
water during 2010-2012 at USFWS sampling sites 
distributed across the U.S. Great Lakes Basin 
(Attachment 1-1; also see Choy et al. 2017; Lee et al. 
2012). Ecotoxicity literature searches were completed 
for 25 of the most frequently detected CECs. No fsh 
ecotoxicity studies were located for nine of the 25 most 
frequently detected CECs, and two CECs did not have 
suffcient information to derive a pair of mean SVs 
(both SVHIGH and SVLOW) (see Attachment 1-1). 

For each CEC, three different SV products were 
developed sequentially from effect concentrations 
recorded in the CFED, in increasing degree of 
aggregation: 

1. SV point estimates were derived from
published effect concentrations (LOAECs and
NOAECs) by application of uncertainty factors,

2. Effect-specifc SVs were developed from
corresponding SV Point Estimate distributions,
and

3. Mean SVs were developed from Effect-Specifc
SV distributions.

The SVs were derived from published exposure-effects 
information (with very few exceptions, as noted in the 
database). Effect concentrations were compiled in the 
CFED (Chapter 2) for either obligate or facultative 
freshwater fsh species that inhabit freshwater at least 
part of their life cycle (Table 4-2).  Inclusion criteria for 
assays used to derive CEC SVs are provided in Section 
2.2. 

For each CEC, both SVHIGH and SVLOW estimates 
were derived from two sets of suborganism- and 
organism-level effect concentrations (Figure 
4-2): (1) a focused set of population-relevant effect
concentrations and (2) all (comprehensive) effect
concentrations. Distributions of unadjusted effect
concentrations that were used to derive point estimates
for population-relevant SVHIGH, population-relevant
SVLOW, comprehensive type SVHIGH 

and comprehensive type SVLOW are provided in
Figures 4-3, 4-4, 4-5 and 4-6, respectively.  Effect
concentrations in these distributions range across 7 to
9 orders of magnitude.

It is likely that, for some CECs – particularly CECs 
that accumulate signifcantly in biological tissue - SVs 
developed using methods described in this document 
are conservative with respect to potential for impact 
to target fsh. Technically, our CEC SVs may be used 
to assess only that portion of total hazard attributable 
to aqueous exposure to dissolved CEC. However, at 

a given dissolved CEC concentration in the surface 
water of the subject system, actual exposure occurs not 
only via direct uptake of the dissolved CEC via gills 
and integument, but also uptake via ingestion of water 
and potentially contaminated prey and incidental 
ingestion of benthic and/or suspended particles. 
Controlled laboratory studies that provide quantitative 
exposure-effects data for ingestion exposures of CECs 
in fsh are very rare in the literature, so ingestion 
exposure could not be incorporated explicitly into 
CEC SV derivations. Thus, application of the CEC 
SVs does not account for total exposure or assess total 
potential impact. This underestimate of total hazard 
also may vary due to biological factors, such as trophic 
position (e.g., primary versus higher order consumers), 
principal prey base (e.g., omnivore, piscivore, 
insectivore, or molluskivore) and trophic niche (e.g., 
benthic versus pelagic feeder) of target fsh species. 

Mean SVs cannot be used to interpret defnitively 
the totality of CEC-related hazard to fsh.  They are 
not absolute toxicity thresholds. However, as with 
existing legacy screening values (see Table 1-1), these 
CEC SVs are based on a thorough review of the 
best available empirical information.  Appropriately 
applied, this toolset is a fexible decision-making aid for 
assessing relative hazard to fsh and for prioritization 
of research or management action alternatives 
between sites or systems. 

Derivation methods, the rationale for developing each 
class of SV, and their uses, are provided in Sections 
4.3.2 – 4.3.4. 

4.3.2 CEC SV Point Estimate Distributions 

Derivation 

Surface water SV point estimates were derived from 
dissolved CEC adverse effect concentrations (i.e., 
NOAECs and LOAECs) that were compiled in the 
CFED (Figures 4-3 to 4-6).  Each record in the CFED 
contains effect concentration information for only one 
CEC and only one Effect Category, evaluated in a 
single published assay.  Database records are further 
differentiated in terms of relative adversity of effect 
concentrations (see Attachment 2-1 for discussion of 
effect adversity). One of the following types of effect 
concentrations is reported in each CFED record: 

• Bounded LOAEC with the corresponding
bounded NOAEC,

• Unbounded LOAEC,
• Unbounded NOAEC,
• Bounded LOEC with the corresponding

bounded NOEC,
• Unbounded LOEC, or
• Unbounded NOEC.

Only effect concentrations for adverse effect endpoints 
(LOAECs and NOAECs) were used to derive SV 
point estimates (Figure 4-2).  Effect endpoints that 
were considered to be adverse for the purpose of 
SV derivation are identifed in Attachment 2-1.  The 
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SV point estimates were computed by applying 
corresponding sets of UF values (see Tables 3-4, 3-8, 
3-12, 3-13 and 3-14) aggregated as cumulative UFs.
Only one adverse effect concentration per database
record was used to derive a given SV Point Estimate21 .

Screening value point estimates are computed by 
dividing empirical adverse effect concentrations by 
corresponding cumulative UF values: 

SVHIGH Point Estimate = 
LOAEC / UF∏-High, and 

SVLOW Point Estimate = 
NOAEC (or, LOAEC) / UF∏-Low 

where, UF∏ = cumulative uncertainty. 

Sources of uncertainty included in cumulative 
uncertainty calculations, and computation of 
cumulative UF values from study-specifc information 
in each record in the CFED, are described in Section 
3.8. A full description of types of UFs that comprise 
the cumulative UF is provided in Chapter 3. 
For each population-relevant NOAEC, both population 
SVLOW and comprehensive SVLOW point estimates 
were derived (Figure 4-2).  However, the two SVLOW 

point estimates, which were based on the same 
NOAEC value, would have different magnitudes 
because cumulative UFs used to derive the SVLOW 

point estimates differ between comprehensive-
and population-relevant empirical UFs.  Similarly, for 
each population-relevant LOAEC, resulting population 
SVHIGH and comprehensive type SVHIGH point 
estimates have different values due to different 
magnitudes of UFs. 

Point estimate SV distributions for 14 CECs are 
illustrated in Section 4.4; all SV Point Estimate values 
are provided in Attachment 4-2.  

Rationale 

Controlled, peer-reviewed laboratory studies 
comprised a reasonably reliable information base 
concerning the occurrence and severity of effects 
in fsh due to CEC exposures. The vast majority of 
studies used in CEC SV derivations reported in this 
document are peer-reviewed, providing a measure of 
assurance against unreliable information.  Exposure-
effect information reported in these studies is the basis 
for the CEC SV derivations. 

Rather than selecting a single critical effect 
concentration from which to derive mean SV values, 
uncertainty factors were applied to individual 
effect concentrations to obtain SV point estimates 
(Attachment 4-2).  Literature NOEAC and unbounded 
LOAEC values were used to compute SVLOW point 
estimates (Figures 4-4 and 4-6), from which mean 
SVLOW values were ultimately obtained. Similarly, 
LOAECs in the database that were used to derive 
SVHIGH point estimates (Figures 4-3 and 4-5) were 
adjusted individually with the appropriate set of 
uncertainty factors (Figure 4-2).  Attachment 4-2 
provides the actual effect concentration, uncertainty 
factors, and SV value for each SV point estimate 
developed in this document. 

Screening value point estimates were developed from 
each adverse effect concentration in the CFED for 
several reasons, including: 

• Flexibility: The sequential aggregation of SV 
information from Point Estimates to Effect-
Specifc SVs to pairs of mean SVs (see Figures
1-2 and 4-1) provides fexibility in possible 
applications this is not possible with classic 
single-value SVs.

• Transparency: The SV point estimate 
distribution approach is comprehensive and 
transparent, allowing practitioners to grasp 
quickly the ecotoxicological basis for each mean 
SV (see individual CECs in Section 4.4).

• Explicit Representation of Multiple Receptors 
Including Most Sensitive tested Species: The 
distributions of SV point estimates explicitly 
contain information from all species for which 
data were located. A common approach in 
ecological risk assessment is to select a single 
critical effect concentration from the database 
(such as the lowest NOAEC, or the 5th 
percentile in a distribution of effect 
concentrations) as the basis for deriving a single 
lower bound SV value, appears to have been 
borrowed from human health risk assessment. 
In human health risk assessment, however, 
there is a single, very well-described target 
receptor species – humans. In human health 
toxicity assessment, the relative merits of each 
individual toxicity assay are evaluated in the 
light of the entire literature database, to identify 
a critical effect concentration for derivation of a 
single chemical toxicity threshold value. The 
most appropriate and

21For example, suppose a single record provides both a bounded LOAEC and a bounded NOAEC for adverse effect endpoints in the Reproductive effect 
category.  Since reproductive effects are relevant at both the individual and population levels of ecological organization, point estimates for both the 
population-relevant SVHIGH and comprehensive SVHIGH  would be derived by application of corresponding UFs to the bounded LOAEC reported in that 
record. Likewise, point estimates for both the population-relevant SVLOW and comprehensive SVLOW would be derived by application of corresponding UF 

values to the bounded NOAEC in that record. 

As a further example, suppose a record reports an unbounded NOAEC for adverse effect endpoints in the Histopathology effect category (see Attachment 
2-1). Histopathologies are considered adverse at the individual fsh level of ecological organization, but are not considered population-relevant in the sense
that they are not readily, quantitatively modeled with respect to impacts to survival or propagation of populations.  Hence, a comprehensive SVLOW point 
estimate would be derived from the unbounded NOAEC by application of appropriate UFs, but no population-relevant SVLOW point estimate and no SVHIGH 

estimates would generated from this record. Conversely, if the record contained only an unbounded LOAEC for histopathologies, then both comprehen-
sive SVHIGH and SVLOW point estimates would be derived from this record (see Figure 4-2). 
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defensible effect concentration is selected.  This 
intensive selection process is much easier to 
conduct in human health toxicity assessment 
than in ecological toxicity assessment, in which 
the target species may be unknown (e.g., the 
most sensitive species in the system), or the 
target taxa are diverse (e.g., all fsh species, or 
all aquatic biota). 

• Data Inclusiveness: There is uncertainty 
regarding the relevance of published laboratory 
studies to the potential for impacts in fsh in 
natural systems (see Chapter 3).  For data-rich 
CECs, selecting the critical effect c oncentration 
from which to derive a SVLOW should take into 
consideration both the m   agnitudes of the effect 
concentrations, and the relative reliability of the 
exposure-effect information - evaluated across 
studies. However, assessing the relative data 
quality a nd reliability of information across all of 
the available studies is beyond the scope of this 
analysis. So, all adverse effect concentrations     
were included in SV derivation.

• Reliability:  Taxonomic relatedness and chemical 
mode of action are likely to affect reliability of 
predicted hazardous c          oncentrations (Raimondo 
et al. 2010). This f act complicates reliable 
selection of the most a  ppropriate single study 
from among multiple f sh taxa and selecting the 
critical effect c oncentration to use for deriving a 
single SV for a CEC.

• Interpretability: In an ecological toxicity 
assessment that utilizes UFs, an overly simple 
approach to selecting critical effect 
concentrations may result in an ambiguous 
result.  For instance, the lowest NOAEC may not 
always provide the lowest possible SVLOW point 
estimate. Since UF magnitudes can vary 
between studies, a high NOAEC may estimate a 
lower SVLOW point estimate than a lower 
NOAEC (see Attachment 4-2).  Similarly,
the highest LOAEC may not result in the 
highest SVHIGH.

• Resiliency of Mean SVs: The SV point estimate 
distribution approach utilizes
the entire database of adverse exposure-effects 
information, as opposed to relying on the 
relevance of a single critical effect concentration. 
For data-rich CECs, me  an S Vs based on 
distributions of SV point e  stimates are somewhat 
resilient to the a d dition of newly published effect 
concentrations to the database. Approaches that 
select a single critical effect concentration m  ay 
be more susceptible to signifcant changes in 
magnitude as new published information                
b  e comes available. Resilient me  an SVs based o n 
extensive databases may appeal to natural 
resource, water quality, and waste managers.

Utility of CEC SV Point Estimate Distributions 

Probabilistic EHAs have been used in both site-
specifc retrospective situations and prospective 
EHAs (e.g., Berninger et al. 2011, Brain et al. 2006, 
Dobbins et al. 2009, Duvall and Barron 2000, Hall et 
al. 1997, Sanderson et al. 2003). There is growing 
interest in the ecotoxicological community to develop 
toxicity threshold values based on distributions of 
effect concentrations for use in probabilistic ecological 
hazard assessments (e.g., Belanger et al. 2015, 
Berninger and Brooks 2010).  Chemical toxicity 
distributions may be used either in the toxicity 
assessment portion of the ERA to identify ecotoxicity 
benchmark concentrations based on percentiles of the 
distributions, or during hazard characterization to 
interpret the probability of specifc kinds of effects at 
given exposure levels. Chemical toxicity distributions 
are distributions of effect concentrations, which are 
not individually adjusted for sources of uncertainty, 
but specifc percentiles of this distribution may be 
divided by a generic UF (often referred to as an 
assessment factor) to obtain a single SV (e.g., Williams 
et al. 2015). 
The approach presented in this chapter is analogous to 
the chemical toxicity distribution approach, except that 
UFs are applied to each effect concentration, prior 
to assembling the distribution. Our approach applies 
UFs tailored to study-specifc information in individual 
CFED records, rather than applying a generic UF 
to distribution percentiles of the unadjusted effect 
concentrations. 

A substantial number of SV point estimates were 
developed for each type of SV presented in this 
chapter.  Total numbers of point estimates for 
population SVHIGH, population SVLOW, comprehensive 
SVHIGH and comprehensive SVLOW are 99, 167, 141, 
and 214, respectively.  Complete lists of the point 
estimates and associated database information, by 
CEC, are provided in Attachment 4-2 for each type of 
SV. 

There are at least two critical uses of the CEC SV 
point estimate distributions that are not provided by 
classical single-value SVs. The frst use is to provide 
effcient and transparent illustration of the full breadth 
of possible values for a particular SV, which gives 
ecotoxicological context for mean SV values. Second, 
an SV point estimate distribution may be used as an 
empirical distribution for the toxicity assessment 
portion of a probabilistic ecological hazard assessment 
of CECs in fsh. 

For some CECs included in Section 4.4 (e.g., 
androstenedione, citalopram and lidocaine), there 
is very limited empirical fsh toxicity information 
reported in the literature, such that their point estimate 
distributions are too sparse to be useful for the 
purposes mentioned above. In those cases, the 
probabilistic risk assessor may opt to develop modeled 
estimates of CEC effect concentrations for effect 
categories with limited or no empirical test information, 
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apply appropriate UFs (see Chapter 3) to modelled 
effect concentrations, and combine modelled SV point 
estimates with limited empirical data to populate the 
SV point estimate distribution. At this time, for the 
purpose of SV development, we neither recommend nor 
discourage the use of modelled estimates in the absence 
of suffcient empirical data. A review of the potential 
models, sources, and beneft-limitation analysis for 
obtaining modelled ecological effect concentrations is 
beyond the scope of this analysis. 

4.3.3 CEC Effect-Specifc SVs 

Derivation 

For each CEC, effect-specifc SVHIGH values, for both 
population-relevant and comprehensive type SVs, were 
developed as the geometric mean of corresponding 
effect-specifc SVHIGH point estimates (Figures 4-7 and 
4-9; also see graphics for individual CECs in Section
4.4).

Effect-specifc SVLOW values were identifed as the 
minimum value among SVLOW point estimates in 
each Effect Category (Figures 4-8 and 4-10; also see 
graphics for individual CECs in Section 4.4). 

Rationale 

There is signifcant precedent in the ecotoxicological 
literature for deriving effect-specifc SVs. Screening 
values derived from distributions of published effect 
concentrations for particular effect categories have 
been used in the development of SSDs and PNECs for 
aquatic hazard assessments of CECs. For instance, 
Capedieville et al. (2008) developed an SSD-based 
PNEC value for triclosan based on a distribution of 
NOECs and ECx values in aquatic organisms, but 
limited the effect endpoints to the survival, growth, and 
reproduction effect categories. Similarly, Caldwell et 
al. (2008) derived an SSD-based PNEC for 17α-ethinyl 
estradiol using only NOECs for reproductive effects 
in 26 aquatic species. In a follow-up analysis, Caldwell 
et al. (2012) updated the 17α-ethinyl estradiol PNEC 
and developed parallel SSD-based PNEC values for 
additional steroid estrogens - estrone, 17β-estradiol, and 
estriol - based on distributions of chronic NOECs for 
reproductive effects only.  Caldwell et al. (2008, 2012) 
limited their PNEC derivations to reproductive effects 
based on prior information indicating that reproductive 
effects in fsh were the most sensitive endpoints for 
estrogenic CECs. 

No a priori assumptions were made concerning the 
most sensitive effect category for any of the CECs 
included in this report. Distributions of SV point 
estimates were developed as the basis for effect-
specifc SVs and mean SVs, rather than distributions of 
unadjusted effect concentrations (see Section 4.3.2). An 
SV point estimate distribution was developed 
for each effect category, for each CEC (Section 
4.4). Effect-specifc SVs were generated from those 
distributions. 

Utility of CEC Effect-Specifc SVs 

Effect category-specifc SVs are useful both for 
interpreting mean SVs, and for conducting custom 
hazard assessments for CEC impacts to fsh. For each 
type of mean SV (population SVHIGH, population 
SVLOW, comprehensive SVHIGH, and comprehensive 
SVLOW), the mean values are computed as geometric 
means of the component Effect-specifc SVs (see 
Tables 4-1a to 4-1d; Section 4.4).  Inspection of the 
component Effect-Specifc SVs for a given mean 
SV indicates which effect categories are the most 
important drivers of mean SV values, and clearly 
identifes datagaps in the published literature. 

Effect-specifc SVs may be applied in custom hazard 
assessments for receptor fsh species that occupy 
different areas, and therefore may be exposed to 
different concentrations of CECs, during different 
parts of their life cycles. For instance, land-locked 
anadromous fsh species in the Great Lakes are 
spawned, hatched, and occupy nursery habitats in 
stream systems, migrate to the lakes as subadults, 
and return to stream systems during subsequent 
breeding seasons as sexually mature adults. Hence, 
in a hazard assessment of CECs in a stream system 
used as salmonid spawning and nursery areas, the 
practitioner may elect to compare stream exposure 
concentrations to growth and developmental Effect-
Specifc SVs, which are most dramatic in early life 
stages and for which stream exposures would occur 
during early life stages. However, for adults, it may 
be more appropriate to use reproductive, mortality 
or behavioral Effect-specifc SVs to assess hazard by 
comparing to long-term exposure concentrations in the 
lake, where adults spend the majority of their time. 

4.3.4 CEC-Specifc Mean SVs 

Derivation 

For each CEC, mean SVHIGH and SVLOW estimates 
were computed as: 

Geometric mean of the Effect-Specifc SVs / UFData. 

Rationale 

Development of paired mean SVs for each CEC 
provides for improved hazard scoring and robust 
interpretation of hazards to fsh from surface water 
exposures to CECs. This approach combines the 
merits of lower bound and upper bound SVs, while 
reducing limitations of each in interpreting hazard. 
For instance, existing single-value lower bound 
SVs (see Table 1-1; e.g., Aquatic Life Benchmarks, 
PNECs) identify a concentration below which it is 
assumed there will be no effects, but indicate further 
study is necessary to determine degree of hazard if 
the exposure concentration is above that threshold. 
Existing upper-bound SVs (e.g., Aquatic Life Ambient 
Water Quality Criteria) indicate concentrations above 
which adverse impacts are expected, but provide no 
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information on sites or chemicals that may be removed 
from further investigation due to expected absence 
of impacts from contaminants under consideration. 
Application of the mean SVHIGH/SVLOW pair, derived 
from the CFED using consistent methodologies, 
provides both functions in one evaluation. 

Comprehensive type mean SV pairs were derived 
using CEC-specifc adverse effect concentrations, 
in all effect categories, using any adverse effect 
endpoint that is defned at the organism level of 
ecological organization and measured in individual fsh. 
Population-relevant SV pairs were derived using only 
the population-relevant effect endpoints in survival, 
growth, reproductive, developmental, and behavioral 
effect categories. Further details on the distinction 
between comprehensive type and population-relevant 
effect endpoints are provided in Section 2.5 and 
Attachment 2-1. 

Utility of CEC-Specifc Mean SVs 

Mean SVs are used in the familiar way to screen 
dissolved CEC concentrations in surface water for 
potential hazards to freshwater fsh. Exposure 
concentrations are compared against each pair of SVs, 
for each CEC with screening values. Availability of both 
upper bound and lower bound mean SVs for each CEC 
allows for ordinal scoring of several categories of hazard, 
which can be assigned to each exposure concentration. 
For instance, exposures at concentrations greater than 
the SVHIGH may be assigned a hazard score of, say 3, 

while exposure concentrations below the SVLOW may be 
scored a value of 1, and concentrations that fall between 
the two SVs might be assigned a score of 2. For each 
CEC, uncertainty in assessment of potential hazard is 
greatest when exposure concentrations fall between 
the two SVs. Hence, in this example, confdence in 
hazard scores of 1 or 3 is higher than confdence in 
the intermediate score of 2.  When hazard scores are 
averaged across detected CECs at each of several 
sampling sites, sites may be readily ranked with respect 
to hazard to fsh due to CEC exposures. 

Confdence in CEC-Specifc Mean SVs 

We provide an assessment of relative confdence 
in each CEC-specifc mean SV estimate, based on 
quantity of ecotoxicological information in the CFED 
that was used to derive the estimates. Confdence 
levels are assigned based on three metrics of 
representation in the database: 

• total number of Effect Categories represented
by the set of available effect concentrations,

• number of represented Effect Categories with
three or more SV point estimates, and

• number of fish species represented.

A rubric for assigning confdence levels based on these 
factors is provided in Table 4-3. 
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4.4 CEC Screening Values for Freshwater Fish 

This section describes screening values for 14 CECs. A 
tabulated summary of mean and effect-specifc SV 
estimates is provided in Tables 4-1a to 4-1d.  Composite 
graphics for visual comparisons of Effect-specifc SVs 
between CECs are provided in Figures 4-7 to 4-10. 

Section 4.4 provides ecological risk practitioners and 
resource managers with an opportunity to examine the 
information used to derive each mean SV for each CEC, 
including: 

• The breadth and depth of information currently
available in the literature that was used to
derive each SV;

• The range and distribution of derived SV point
estimates that were the foundation for effect
category-specifc and mean SV values;

• An assessment of relative confidence in the
estimated mean SVs for each CEC (Table 4-3);
and

• Gaps in the knowledge base.

This information may be used by practitioners to 
determine which CECs to screen for potential impacts, 
and which SV(s) to apply for those CEC screenings, in 
a given hazard assessment. 

A detailed description of SVs by CEC, and their 
ecotoxicological basis, is provided in the following 14 
subsections. Information for each CEC is presented 
in subsections with increasing degrees of detail, 
including: 

• Outline of CEC chemistry,
• Summary of SV numerical values (Mean,

Effect-Specifc , and Point Estimates),
• Description of the ecotoxicity database

underpinning the SVs,
• Graphics illustrating relationships between

the magnitude of SV point estimates and their
paired cumulative uncertainty factors, and

• Graphics depicting the sequential derivation
process for each SV for each CEC.

4.4.1  4-Androstene-3,17-dione 

4.4.1.1 Chemical Summary 

CEC Category:  Hormone 
CEC Subcategories: Therapeutic hormone 

The following chemical information was obtained from 
the PubChem database (NLM 2016), unless otherwise 
indicated: 

• Usage:  “Therapeutic androstenedione is
a potent androgenic prohormone that is a direct
precursor of testosterone and used as a
supplement to increase plasma testosterone
levels and muscle anabolism….
Androstenedione is a delta-4 19-carbon steroid
that is produced not only in the testis, but also
in the ovary and the adrenal cortex. Depending
on the tissue type, androstenedione can serve
as a precursor to testosterone as well as
estrone and estradiol. It is the common
precursor of male and female sex hormone.”

• CAS Number:  63-05-8
• Water Solubility:  57.2 mg/L at 25 deg C
• logKow:  2.75
• 2010-2012 USGS Lab reporting Level (Choy et

al. 2017):  0.0008 ug/L
• Interim Reporting Level - USGS Laboratory

(USGS 2012):  0.0008 ug/L
• Applied Detection Level - USGS Techniques

and Methods 5-B9 (USGS 2012):  0.0004 ug/L
• MDL - USEPA Method 1698 (USEPA 2007a):

0.0003 ug/L
• MDL – AXYS Method MLA-075 (AXYS 2017):

0.00044 ug/L
• Reporting Limit for 1L sample – AXYS

Method MLA-075 (AXYS 2017):  0.002 ug/L
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4.4.1.2 Screening Value Summary 

Mean SV Values (ug/L) for 4-Androstene-3,17-dione 

Mean 

Mean Population-relevant SVHIGH for 
4-Androstene-3,17-dione: 3.23 μg/L

o Relative Confdence:  Very Low.  Sparse dataset.
The literature provides effects information on
only one effect category (Growth).

o Representation in the Population-relevant
SVHIGH Dataset for Androstenedione
(see Attachment 4-2A:  Population-relevant
SVHIGH Point Estimates)

• Species: mosquitofish.
• Life Stage(s): juvenile
• Publication(s): Stanko and Angus 2007
• Effect Categories (Number of SV

Point Estimates), and Endpoints
Evaluated in at least one Study
• Growth (1): standard length,

weight gain

o Cumulative Uncertainty Factor applied to
the LOAEC for Androstenedione: 2.475 (see
Attachment 4-2A for breakdown of component
UF values)

o Database Adequacy UF applied to obtain
the Mean Population-relevant SVHIGH 

value from Effect-Specifc SVHIGH values for
Androstenedione: 5

Mean Population-relevant SVLOW for 
4-Androstene-3,17-dione: 0.00127 μg/L

o Relative Confdence:  Very Low.  Sparse
dataset.  Effects information from the
literature is limited to only two Growth
endpoints in juvenile mosquitofsh and several
Reproductive endpoints in adult guppies and
juvenile mosquitofsh.

o Representation in the Population-
relevant SVLOW Dataset for Androstenedione
(see Attachment 4-2B:
o Population-relevant SVLOW 

Point Estimates)
• Species: mosquitofish, guppy
• Life Stage(s): juvenile, adult
• Publication(s): Hallgren and Olsen

2009, Stanko and Angus 2007
• Effect Categories (Number of SV Point

Estimates), and Endpoints Evaluated in
at least one Study.  Although NOAECs
and unbounded LOAECs for population-
relevant endpoints were the basis for
deriving SVLOW values, all evaluated
endpoints are listed here.  Population-
relevance of effect endpoints is discussed
in Section 2.5 and Figure 2.2, and listed
in Attachment 2-1.
• Growth (1): standard length,

weight gain
• Reproductive (2): gonopodium length,

ovarian morphology and histology

o Cumulative Uncertainty Factors applied to the
three NOAECs to obtain Population-relevant
SVLOW point estimates for Androstenedione:
two UF∏-Low = 157.2; one UF∏-Low = 314.5
(see Attachment 4-2B for breakdown of
the component UF values)

o Database Adequacy UF applied to obtain
the Mean Population-relevant SVLOW 

value from Effect-Specifc SVLOWvalues for
Androstenedione: 2
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Mean Comprehensive SVHIGH for 4-Androstene-
3,17-dione: 0.852 μg/L 

o Relative Confdence:  Very Low.  Sparse dataset.
The literature provides effects information on
only one effect category (Growth).

o Representation in the Comprehensive SVHIGH 

Dataset for Androstenedione (see Attachment
4-2C: Comprehensive SVHIGH Point Estimates)

• Species: mosquitofish, guppy
• Life Stages: juvenile, adult
• Publication(s): Hallgren and Olsen

2009, Stanko and Angus 2007
• Effect Categories (Number of SV

Point Estimates), and Endpoints
Evaluated in at least one Study
• Growth (1): standard length,

weight gain
• Reproductive (2): gonopodium length,

ovarian morphology and histology

o Cumulative Uncertainty Factors applied to
LOAEC values to obtain Comprehensive
SVHIGH point estimates for 4-Androstene-
3,17-dione: ranged from 2.6 to 5.3 (see
Attachment 4-2C for breakdown of
omponent UF values by SV point estimate)

o Database Adequacy UF applied to obtain
the Mean Comprehensive SVHIGH value from
Effect-Specifc SVHIGH values for
4-Androstene-3,17-dione:  5

Mean Comprehensive SVLOW for 
4-Androstene-3,17-dione: 0.000204 μg/L

o Relative Confdence:  Very Low.  Sparse dataset.
Effects information from the literature is
limited to only two Growth endpoints in juvenile
mosquitofsh and several Reproductive

endpoints in adult guppies and juvenile 
mosquitofsh. 

o Representation in the Comprehensive SVLOW 

Dataset for Androstenedione (see Attachment
4-2D: Comprehensive SVLOW Point Estimates)
• Species: mosquitofish, guppy
• Life Stage(s): juvenile, adult
• Publication(s): Hallgren and Olsen

2009, Stanko and Angus 2007
• Effect Categories (Number of SV

Point Estimates), and Endpoints
Evaluated in at least one Study
• Growth (1): standard length, weight gain
• Reproductive (2): gonopodium length,

ovarian morphology and histology

o Cumulative Uncertainty Factors applied to
NOAEC (bounded and unbounded) and
Unbounded LOAEC values to obtain
Comprehensive SVLOW point estimates for
Androstenedione: ranged from 392 to 783
(see Attachment 4-2D for breakdown of the
component UF values by SV point estimate)

o Database Adequacy UF applied to obtain the
Mean Comprehensive SVLOW value from
Effect- Specifc SVLOW values for
Androstenedione: 5
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Comprehensive SVHIGH : Growth and 
Reproductive effect-specific SVs were 15.2 and 
1.2 ug/L, based on only one and two SV point 
estimates, respectively. 

Comprehensive SVLOW : Growth and 
Reproductive effect-specifc SVs were 0.0102 and 
0.000102 ug/L, based on only one and two SV point 
estimates, respectively. 

 

	 	 	 	 	

	 	 	 	 	 	

 
        

      
 

 
 

 
    

    
 

 
      

 
       

  
 

 
 

 
 

 
 

 
 
 

Effect Category-Specifc SV Values (ug/L) for 
4-Androstene-3,17-dione

Population-relevant SVHIGH: Only the Growth effect 
category is represented with an effect-specifc SV of 
16.2 ug/L, based on only one SV point estimate. 

Population-relevant SVLOW: Growth and Reproductive 
effect-specifc SVs were 0.0254 and 0.000254 ug/L, based 
on only one and two SV point estimates, respectively. 

Effect Category 

4-Androstene-3,17-dione
Range (N) of SV Point Estimate Values (ug/L) 

by Type of SV and Effect Category 
Population-relevant 

SVHIGH 

Population-relevant 
SVLOW 

Comprehensive SVHIGH Comprehensive SVLOW 

Effect Categories used for both Population-relevant and Comprehensive type SVs 
Behavioral 
Developmental 
Growth 16.2 (1) 0.0254 (1) 15.2 (1) 0.0102 (1) 
Mortality 
Reproductive 0.000254 – 0.00223 (2) 0.152 – 9.47 (2) 0.000102 (2) 

Effect Categories used for Comprehensive type SVs, only 
Circulatory/ Blood 
Constituents 
Endocrine 
Genotoxicity 
Gross Pathology 
Histopathology 
Immunological 
Neurological 
Physiology/ 
Metabolism 
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SV Point Estimates for 4-Androstene-3,17-dione 



4.4.1.3 SV Development: Graphics for 4-Androstene-3,17-dione 

Population-relevant SVHIGH Values for 4-Androstene-3,17-dione:  Relationships among the Mean Value, Effect-
Specifc Values, and Point Estimates.  In the Point Estimate histogram, the X-axis values are upper bounds of 
frequency distribution bin intervals. 
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Population-relevant SVLOW Values for 4-Androstene-3,17-dione:  Relationships among the Mean Value, Effect-
Specifc Values, and Point Estimates. In the Point Estimate histogram, the X-axis values are upper bounds of 
frequency distribution bin intervals. 
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Comprehensive SVHIGH Values for 4-Androstene-3,17-dione:  Relationships among the Mean Value, Effect-
Specifc Values, and Point Estimates.  In the Point Estimate histogram, the X-axis values are upper bounds of 
frequency distribution bin intervals. 

MEAN 
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Comprehensive SVLOW Values for 4-Androstene-3,17-dione: Relationships among the Mean Value, Effect-Specifc 
Values, and Point Estimates.  In the Point Estimate histogram, the X-axis values are upper bounds of frequency 
distribution bin intervals. 
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4.4.2 Bisphenol A 

4.4.2.1 Chemical Summary 

CEC Category: Plasticizer 

The following chemical information was obtained from 
the PubChem database (NLM 2016) , unless otherwise 
indicated: 

• Usage:  “Bisphenol A, commonly abbreviated
as BPA, is an organic compound with
two phenol functional groups. It is a
difunctional building block of several
important plastics and plastic additives. With
an annual production of 2–3 million metric
tonnes, it is an important monomer in the
production of polycarbonate. It is a potential
food contaminant arising from its use in
reusable polycarbonate food containers such as

4.4.2.2 Screening Value Summary 

Mean SV Values (ug/L) for Bisphenol A 

Mean 

water carboys, baby bottles and kitchen 
utensils.”  

• CAS Number:  80-05-7
• Water Solubility:  120 mg/L at 25 deg C
• logKow:  3.32
• 2010-2012 USGS Lab Reporting Level

(Choy et al. 2017):  0.04 ug/L
• MDL – USGS Techniques and Methods 5-B4

(USGS 2006): 0.22 ug/L
• MDL – AXYS Method MLA-082 (AXYS 2017):

0.014 ug/L
• Reporting Limit for 0.5L sample – AXYS

Method MLA-082 (AXYS 2017):  0.002 ug/L
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Mean Population-relevant SVHIGH for 
Bisphenol A: 177 μg/L 

o Relative Confdence: High. Applicable
literature information was compiled for all
fve population-relevant effect categories.
Robust datasets include effects data on fve
fsh species and all four life stages for the
Developmental category and effects in nine
species for the Reproductive category.

o Representation in the Population-relevant
SVHIGH Dataset for Bisphenol A (see
Attachment 4-2A:  Population-relevant
SVHIGH Point Estimates)

• Species: Atlantic salmon, brown
trout, fathead minnow, goldfsh,
guppy, Japanese medaka, ricefsh,
swordtail, zebrafsh.

• Life Stage(s): embryo, larva,
juvenile, adult

• Publication(s): 24 separate studies
published between 2000 and 2014

• Effect Categories (Number of SV
Point Estimates), and Endpoints
Evaluated in at least one Study.
Although LOAECs for population-
relevant endpoints were the basis for
deriving SVHIGH values, all evaluated
endpoints are listed here.  Population-
relevance of effect endpoints is
discussed in Section 2.5 and Figure
2.2, and listed in Attachment 2-1.
• Behavioral (1): mating behavior
• Developmental (18): oxidative

stress, hatching rates, hatch
timing, survival (parental, embryo,
larval), spinal curvature, yolk sac
edema, heart infammation, heart
rate, organ development,
apoptosis, DNA damage, neuron
axonal growth, other
structural anomalies, embryo and
larval length and weight, sex ratio,
fecundity and egg fertilization in
subsequent generations,
development rate, edema,
hemorrhage, histopathology in
gonads, kidney, heart, liver,
and thyroid

• Growth (1): length and weight
• Mortality (2)
• Reproductive (11): sperm motility

and velocity, reproductive hormone
levels, intersex, fertility, eggs per
female, hatchability, number
spawns per breeding pair, GSI,
ovulation timing, testis morphology,
gonad histopathology, sperm count,
sperm length, sperm total mass,
sperm density, % viable sperm,
spermatogenesis, oogenesis

o Cumulative Uncertainty Factors
applied to LOAEC values to obtain
Population- relevant SVHIGH point
estimates for Bisphenol A:  ranged from 2.5
to 7.4 (see Attachment 4-2A for breakdown of
component UF values by SV point estimate)

o Database Adequacy UF applied to obtain
the Mean Population-relevant SVHIGH 

value from Effect-Specifc SVHIGH values for
Bisphenol A:  1

Mean Population-relevant SVLOW for Bisphenol A: 
0.0622 μg/L 

o Relative Confdence: High. Applicable
literature information was compiled for all
fve population-relevant effect categories.
Robust datasets include effects data on six
fsh species and all four life stages for the
Developmental category and effects data in
eight species for the Reproductive category.

o Representation in the Population-relevant
SVLOW Dataset for Bisphenol A (see
Attachment 4-2B: Population-relevant
SVLOW Point Estimates)

• Species: Atlantic salmon, brown
trout, common carp fathead minnow,
goldfsh, guppy, Japanese medaka,
rare minnow, ricefsh, swordtail,
zebrafsh.

• Life Stage(s): embryo, larva,
juvenile, adult

• Publication(s): 28 separate studies
published between 2000 and 2014

• Effect Categories (Number of SV
Point Estimates), and Endpoints
Evaluated in at least one Study.
Although NOAECs and unbounded
LOAECs for population-relevant
endpoints were the basis for deriving
SVLOW values, all evaluated endpoints
are listed here.  Population-relevance
of effect endpoints is discussed in
Section 2.5 and Figure 2.2, and listed
in Attachment 2-1.
• Behavioral (1): mating behavior
• Developmental (23): oxidative

stress, hatching rates, hatch and
swim-up timing, survival (parental,
embryo, larval), sexual maturation,
spinal curvature, yolk sac edema,
heart infammation, heart rate,
organ development, apoptosis,
DNA damage, neuron axonal
growth, other structural
anomalies, embryo and
larval length and weight, sex ratio,
fecundity, egg viability and egg
fertilization in subsequent
generations, development rate,
edema, hemorrhage,
histopathology in gonads, kidney,
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heart, liver, and thyroid 
• Growth (8): length and weight
• Mortality (7)
• Reproductive (13): sperm

motility and velocity, reproductive
hormone levels, intersex, fertility,
eggs per female, hatchability,
number spawns per breeding pair,
GSI, ovulation timing, testis
morphology, gonad
histopathology, sperm count,
sperm length, sperm total mass,
sperm density, % viable sperm,
spermatogenesis, oogenesis, ovary
development, egg morphology

o Cumulative Uncertainty Factors applied to
NOAEC (bounded and unbounded) and
Unbounded LOAEC values to obtain
Population-relevant SVLOW point estimates
for Bisphenol A: ranged from 78.6 to 1179
(see Attachment 4-2B for breakdown of the
component UF values by SV point estimate)

o Database Adequacy UF applied to obtain the
Mean Population-relevant SVLOW value

from Effect-Specifc SVLOW values for
Bisphenol A:  1

Mean Comprehensive SVHIGH for 
Bisphenol A: 118 μg/L 

o Relative Confdence:  Moderate. Relevant
information concerning six of the 13 effect
categories was compiled from the literature,
but exposure and endpoint representation
was sparse for four of them.

o Representation in the Comprehensive
SVHIGH Dataset for Bisphenol A
(see Attachment 4-2C: Comprehensive
SVHIGH Point Estimates)

• Species: Atlantic salmon, brown
trout, common carp, fathead
minnow, goldfsh, guppy, Japanese
medaka, rare minnow, ricefsh,
swordtail, zebrafsh.

• Life Stage(s): embryo, larva,
juvenile, adult

• Publication(s): 29 separate studies
published between 2000 and 2014

• Effect Categories (Number of SV
Point Estimates), and Endpoints
Evaluated in at least one Study.
• Behavioral (1): mating behavior
• Developmental (20): oxidative

stress, immune response gene
expression, thyroid hormone
regulation, hatching rates, hatch
timing, survivalparental, embryo,
larval), spinal curvature, yolk sac
edema, heart infammation, heart
rate, organ development,
apoptosis, DNA damage, neuron
axonal growth, other structural

anomalies, embryo and larval 
length and weight, sex 
ratio, fecundity and egg 
fertilization in subsequent 
generations, development rate, 
edema, hemorrhage, 
histopathology in gonads, kidney, 
heart, liver, and thyroid 

• Gross Pathology (1): kidney size
changes related to histopathologies

• Growth (1): length and weight
• Mortality (2)
• Reproductive (15): sperm motility

and velocity, reproductive hormone
levels, plasma vitellogenin,
intersex, fertility, eggs per female,
hatchability, number spawns per
breeding pair, GSI, ovulation
timing, gonad morphology
and weights, gonad histopathology,
sperm count, sperm length, sperm
total mass, sperm density, % viable
sperm, spermatogenesis, oogenesis

o Cumulative Uncertainty Factors applied to
LOAEC values to obtain Comprehensive
SVHIGH point estimates for Bisphenol A:
ranged from 2.64 to 7.9 (see Attachment 4-2C
for breakdown of component UF values by
SV point estimate)

o Database Adequacy UF applied to
obtain the Mean Comprehensive
SVHIGH value from Effect-Specifc
SVHIGH values for Bisphenol A:  1

Mean Comprehensive SVLOW 

for Bisphenol A: 0.0318 μg/L 
o Relative Confdence: Moderate. Relevant

information concerning six of the 13 effect
categories was compiled from the literature,
but exposure and endpoint representation
was sparse for two of them.

o Representation in the Comprehensive
SVLOW Dataset for Bisphenol A (see
Attachment 4-2D: Comprehensive
SVLOW Point Estimates)

• Species: Atlantic salmon, brown
trout, common carp, fathead
minnow, goldfsh, guppy, Japanese
medaka, rare minnow, ricefsh,
swordtail, zebrafsh.

• Life Stage(s): embryo, larva,
juvenile, adult

• Publication(s): 30 separate studies
published between 2000 and 2014

• Effect Categories (Number of SV
Point Estimates), and Endpoints
Evaluated in at least one Study
• Behavioral (1): mating behavior
• Developmental (26): oxidative

stress, immune response gene
expression, thyroid hormone
regulation,
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	 		 	hypothalamic-pituitary-thyroid 
axis hormone expression, hatching 
rates, hatch and swim-up timing, 
survival (parental, embryo, larval), 
sexual maturation, spinal 
curvature, yolk sac edema, heart 
infammation, heart rate, organ 
development, apoptosis, DNA 
damage, neuron axonal growth, 
other structural anomalies, 
embryo and larval length and 
weight, sex ratio, fecundity, egg 
viability and egg fertilization in 
subsequent generations, 
development rate, edema, 
hemorrhage, histopathology in 
gonads, kidney, heart, liver, 
and thyroid 

• Gross Pathology (2): kidney size
changes related to
histopathologies, other gross
lesions, body coloration

• Growth (8): length and weight
• Mortality (7)

• Reproductive (15): sperm motility
and velocity, reproductive hormone
levels, intersex, fertility, eggs per
female, hatchability, number
spawns per breeding pair, GSI,
ovulation timing, testis morphology,
gonad histopathology, sperm
count, sperm length, gamete total
mass, sperm density, % viable
sperm, spermatogenesis,
oogenesis, ovary development,
egg morphology

o Cumulative Uncertainty Factors
applied to NOAEC (bounded and
unbounded) and Unbounded LOAEC
values to obtain Comprehensive SVLOW point
estimates for Bisphenol A:  ranged from 196
to 2937 (see Attachment 4-2D for breakdown
of the component UF values by SV
point estimate)

o Database Adequacy UF applied to
obtain the Mean Comprehensive
SVLOW value from Effect-Specifc
SVLOW values for Bisphenol A:  1
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Effect Category-Specifc SV Values (ug/L) for 
Bisphenol A 

Population-relevant SVHIGH: Data on bisphenol A 
were suffcient to estimate SVs for each of the fve 
population-relevant effect categories (Table 4-1a).  
Effect-specifc Population SVHIGH values range from 
18.3 ug/L (Reproductive) to 68 ug/L (Mortality). 

Population-relevant SVLOW : Data were suffcient to 
estimate SVs for each of the fve population-relevant 
effect categories (Table 4-1b).  Effect-specifc 
Population SVLOW values range from 0.000636 ug/L 
(Developmental) to 3.82 ug/L (Behavioral). 

SV Point Estimates for Bisphenol A 

Comprehensive SVHIGH : Data were suffcient to 
estimate SVs for six of the 13 effect categories 
(Table 4-1c).  Effect-specifc Comprehensive SVHIGH 

values range from 10.4 ug/L (Reproductive) to 638 
ug/L (Mortality). 

Comprehensive SVLOW : Data were suffcient to 
estimate SVs for six of the 13 effect categories 
(Table 4-1d).  Effect-specifc Comprehensive SVLOW 

values range from 0.000102 ug/L (Developmental) 
to 1.53 ug/L (Behavioral). 

Effect Category 

Bisphenol A 
Range (N) of SV Point Estimate Values (ug/L) 

by Type of SV and Effect Category 
Population-relevant 

SVHIGH 

Population-relevant 
SVLOW 

Comprehensive SVHIGH Comprehensive SVLOW 

Effect Categories used for both Population-relevant and Comprehensive type SVs 
Behavioral 606 (1) 3.8 (1) 568 (1) 1.5 (1) 
Developmental 0.404 – 2436 (18) 0.00064 – 25.6 (23) 0.038 – 2284 (20) 0.000102 – 10.3 (26) 
Growth 259 (1) 0.127 – 8.14 (8) 242 (1) 0.051 – 3.27 (8) 
Mortality 229 – 2020 (2) 1.65 – 19.8 (7) 214 – 1894 (2) 0.66 – 8.0 (7) 
Reproductive 0.17 – 2020 (11) 0.0018 – 3.18 (13) 0.16 – 1894 (15) 0.00072 – 1.28 (15) 

Effect Categories used for Comprehensive type SVs, only 
Circulatory/ Blood 
Constituents 
Endocrine 
Genotoxicity 
Gross Pathology 49.2 (1) 0.27 – 8.0 (2) 
Histopathology 
Immunological 
Neurological 
Physiology/ 
Metabolism 
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4.4.2.3. SV Development: Graphics for Bisphenol A 

Population-relevant SVHIGH Values for Bisphenol A:  Relationships among the Mean Value, Effect-Specifc 
Values, and Point Estimates.  In the Point Estimate histogram, the X-axis values are upper bounds of 
frequency distribution bin intervals. 
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Population-relevant SVLOW Values for Bisphenol A:  Relationships among the Mean Value, Effect-Specifc 
Values, and Point Estimates.  In the Point Estimate histogram, the X-axis values are upper bounds of 
frequency distribution bin intervals. 
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Comprehensive SVHIGH Values for Bisphenol A:  Relationships among the Mean Value, Effect-Specifc 
Values, and Point Estimates.  In the Point Estimate histogram, the X-axis values are upper bounds of 
frequency distribution bin intervals. 
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Comprehensive SVLOW Values for Bisphenol A:  Relationships among the Mean Value, Effect-Specifc 
Values, and Point Estimates.  In the Point Estimate histogram, the X-axis values are upper bounds of 
frequency distribution bin intervals. 
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4.4.3 Carbamazepine 

4.4.3.1 Chemical Summary 

CEC Category:  Pharmaceutical 
CEC Subcategory:  Anticonvulsant 

The following chemical information was obtained 
from the PubChem database (NLM 2016) , unless 
otherwise indicated: 

• Usage:  “Carbamazepine is a tricyclic
compound chemically related to tricyclic
antidepressants (TCA) with anticonvulsant
and analgesic properties. Carbamazepine
exerts its anticonvulsant activity by reducing
polysynaptic responses and blocking post-
tetanic potentiation. Its analgesic activity
is not understood; however, carbamazepine
is commonly used to treat pain associated
with trigeminal neuralgia.”

4.4.3.2 Screening Value Summary 

Mean SV Values (ug/L) for Carbamazepine 

Mean 

• CAS Number:  298-46-4
• Water Solubility:  18 mg/L at 25 deg C
• logKow:  2.45
• 2010-2012 USGS Laboratory Reporting

Level (Choy et al. 2017): 0.16 ug/L
• Interim Reporting Level - USGS Laboratory

(USGS 2014):  0.0042 ug/L
• MDL – USGS Techniques and Methods

5-B10 (USGS 2014):  0.00084 ug/L
• MDL - USEPA Method 1694 (USEPA

2007b): 0.0014 ug/L
• MDL – AXYS Method MLA-075 (AXYS

2017): 0.0015 ug/L
• Reporting Limit for 1L sample – AXYS

Method MLA-075 (AXYS 2017):  0.0015 ug/L
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Mean Population-relevant SVHIGH for 
Carbamazepine: 299 μg/L 

o Relative Confdence:  High. Although
literature information was compiled for all
fve population-relevant effect categories,
none of the effect-specifc datasets was
robust.  Three of the categories had few SV
point estimates. Behavioral and
Developmental categories each had a number
of SV point estimates, but fsh species

representation was limited to zebrafsh, only,
in the Developmental category.

o Representation in the Population-relevant
SVHIGH Dataset for Carbamazepine (see
Attachment 4-2A:  Population-relevant
SVHIGH Point Estimates)

• Species: fathead minnow,
Japanese medaka, pumpkinseed,
rainbow trout, zebrafsh.

• Life Stage(s): embryo, larva, juvenile, 
adult 

• Publication(s): 12 separate studies
published between 2009 and 2014

• Effect Categories (Number of SV
Point Estimates), and Endpoints
Evaluated in at least one Study.
Although LOAECs for population-
relevant endpoints were the basis for
deriving SVHIGH values, all evaluated
endpoints are listed here.  Population-
relevance of effect endpoints is
discussed in Section 2.5 and Figure
2.2, and listed in Attachment 2-1.
• Behavioral(6): courtship behavior,

startle response, light-dark
preference, feeding duration,
swimming speed, larval activity
and swimming velocity

• Developmental (5): hatch rate,
embryo mortality, deformations
of spinal cord, head, otolith, and
tail, pericardial edema, yolk sac
edema, growth, heart deformation,
heart rate, dorsal curvature,
hemorrhages, tail length, egg
production, liver, kidney and
gonad histology, pigmentation,
sperm morphology and speed in
subsequent generations

• Growth (1): condition factor
• Mortality (1)
• Reproductive (2): GSI, embryo

production, sperm density,
spermatogenesis, oogenesis,
gonad morphology and
histopathology, reproductive
hormone levels

o Cumulative Uncertainty Factors applied to
LOAEC values to obtain Population-
relevant SVHIGH point estimates for
Carbamazepine: ranged from 2.5 to 7.4 (see
Attachment 4-2A for breakdown of

component UF values by SV point estimate) 
o Database Adequacy UF applied to obtain the

Mean Population-relevant SVHIGH value
from Effect-Specifc SVHIGH values for
Carbamazepine: 1

 Mean Population-relevant SVLOW for 
Carbamazepine: 0.0788 μg/L 

o Relative Confdence: High. Although
literature information was compiled for all
fve population-relevant effect categories,
none of the effect-specifc datasets is robust.
SV point estimates in three of the categories

are sparse.

o Representation in the Population-relevant
SVLOW Dataset for Carbamazepine (see
Attachment 4-2B: Population-relevant
SVLOW Point Estimates)

• Species: fathead minnow,
Japanese medaka, pumpkinseed,
rainbow trout, zebrafsh.

• Life Stage(s): embryo, larva,
juvenile, adult

• Publication(s): 14 separate studies
published between 2009 and 2014

• Effect Categories (Number of SV
Point Estimates), and Endpoints
Evaluated in at least one Study.
Although NOAECs and unbounded
LOAECs for population-relevant
endpoints were the basis for deriving
SVLOW values, all evaluated endpoints
are listed here.  Population-relevance
of effect endpoints is discussed in
Section 2.5 and Figure 2.2, and listed
in Attachment 2-1.
• Behavioral (6): courtship behavior,

startle response, light-dark
preference, feeding duration,
swimming speed, larval activity
and swimming velocity

• Developmental (6): hatch rate,
hatching success, embryo
mortality,  prevalence of embryos
with defects, deformations of
spinal cord, head, otolith, and tail,
pericardial edema, yolk sac edema,
embryo and larval growth, heart
deformation, heart rate,
dorsal curvature, hemorrhages,
tail length, egg production, liver,
kidney and gonad histology,
pigmentation, sperm morphology
and speed in subsequent generations

• Growth (3): condition factor,
body length, fork length, weight

• Mortality (2)
• Reproductive (2): GSI, embryo

production, sperm density,
spermatogenesis, oogenesis, gonad
morphology and histopathology,
reproductive hormone levels
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o Cumulative Uncertainty Factors applied to
NOAEC (bounded and unbounded) and
Unbounded LOAEC values to obtain
Population-relevant SVLOW point estimates
for Carbamazepine:  ranged from 78.6
to 786 (see Attachment 4-2B for breakdown
of the component UF values by SV point
estimate)

o Database Adequacy UF applied to
obtain the Mean Population-relevant
SVLOW value from Effect-Specifc
SVLOW values for Carbamazepine: 1

Mean Comprehensive SVHIGH for 
Carbamazepine: 139 μg/L 

o Relative Confdence: Moderate. While nine
of the 13 effect categories are represented,
six of these categories have few observations.

o Representation in the Comprehensive
SVHIGH Dataset for Carbamazepine
(see Attachment 4-2C: Comprehensive
SVHIGH Point Estimates)

• Species: common carp, fathead
minnow, Japanese medaka,
pumpkinseed, rainbow trout,
zebrafsh.

• Life Stage(s): embryo, larva,
juvenile, adult

• Publication(s): 14 separate studies
published between 2007 and 2014

• Effect Categories (Number of SV
Point Estimates), and Endpoints
Evaluated in at least one Study
• Behavioral (6): courtship behavior,

startle response, light-dark
preference, feeding duration,
swimming speed, larval activity
and swimming velocity

• Circulatory/Blood Constituents
(2): hematological parameters,
leukocyte differential counts,
blood plasma chemistry

• Developmental (5): hatch rate,
embryo mortality, deformations of
spinal cord, head, otolith, and tail,
pericardial edema, yolk sac edema,
growth, heart deformation, heart
rate, dorsal curvature,
hemorrhages, tail length, egg
production, liver, kidney and gonad
histology, pigmentation, sperm
morphology and speed in
subsequent generations

• Growth (1): condition factor
• Histopathology (2): multiple

histopathologic endpoints in
kidneys, gills, liver

• Mortality (1)
• Neurological (2): oxidative

damage in brain

• Physiological/Metabolism (4):
oxidative stress indicators, enzyme
activities related to oxidative
stress, energy metabolism,
and osmoregulation

• Reproductive (2): GSI, embryo
production, sperm density,
spermatogenesis, oogenesis, gonad
morphology and histopathology,
reproductive hormone levels

o Cumulative Uncertainty Factors applied to
LOAEC values to obtain Comprehensive
SVHIGH point estimates for Carbamazepine:
ranged from 2.6 to 7.9 (see Attachment 4-2C

for breakdown of component UF
values by SV point estimate)

o Database Adequacy UF applied
to obtain the Mean Comprehensive
SVHIGH value from Effect-Specifc
SVHIGH values for Carbamazepine: 1

Mean Comprehensive SVLOW for 
Carbamazepine: 0.00865 μg/L 

o Relative Confdence:  Moderate.
While nine of the 13 effect categories
are represented, fve of these datasets
have few observations.

o Representation in the Comprehensive
SVLOW Dataset for Carbamazepine
(see Attachment 4-2D: Comprehensive
SVLOW Point Estimates)

• Species: common carp, fathead
minnow, Japanese medaka,
pumpkinseed, rainbow
trout, zebrafsh.

• Life Stage(s): embryo, larva,
juvenile, adult

• Publication(s): 16 separate
studies published between 2007
and 2014

• Effect Categories (Number of SV Point
Estimates), and Endpoints Evaluated
in at least one Study
• Behavioral (7): courtship behavior,

startle response, light-dark
preference, feeding duration,
swimming speed, larval activity
and swimming velocity

• Circulatory/Blood Constituents (2):
hematological parameters,
leukocyte differential counts,
blood plasma chemistry

• Developmental (6): hatch rate,
hatching success, embryo
mortality, prevalence of embryos
with defects, deformations of
spinal cord, head, otolith, and tail,
pericardial edema, yolk sac edema,
embryo and larval growth, heart
deformation, heart rate, dorsal
curvature, hemorrhages, tail
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length, egg production, liver, 
kidney and gonad histology, 
pigmentation, sperm 
morphology and speed in 
subsequent generations 

• Growth (3): condition factor,
body length, fork length, weight

• Histopathology (2): multiple
histopathologic endpoints in
kidneys, gills, liver

• Mortality (2)
• Neurological (2): oxidative

damage in brain
• Physiological/Metabolism (4):

oxidative stress indicators, enzyme
activities related to oxidative stress,
energy metabolism, and
osmoregulation

• Reproductive (2): GSI, embryo
production, sperm density,
spermatogenesis, oogenesis,
gonad morphology and
histopathology, reproductive
hormone levels

o Cumulative Uncertainty Factors applied to
NOAEC (bounded and unbounded) and 
Unbounded LOAEC values to obtain 
Comprehensive SVLOW point estimates for 
Carbamazepine: ranged from 196 to 
2937 (see Attachment 4-2D for breakdown of 
the component UF values by SV point 
estimate) 

o Database Adequacy UF applied
to obtain the Mean Comprehensive
SVLOW value from Effect-Specifc
SVLOW values for Carbamazepine: 1
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Effect Category-Specifc SV Values (ug/L) for 
Carbamazepine 

Population-relevant SVHIGH: Data on 
carbamazepine were suffcient to estimate 
SVs for each of the fve population-relevant 
effect categories (Table 4-1a).  Effect-specifc 
Population SVHIGH values range from 852 ug/L 
(Reproductive) to 1,330 ug/L (Mortality). 

Population-relevant SVLOW : Data were suffcient 
to estimate SVs for each of the fve population-
relevant effect categories (Table 4-1b).  Effect-
specifc Population SVLOW values range from 
0.00127 ug/L (Reproductive) to 5.66 ug/L 
(Mortality). 

SV Point Estimates for Carbamazepine 

Comprehensive SVHIGH : Data were suffcient to 
estimate SVs for nine of the 13 effect categories 
(Table 4-1c).  Effect-specifc comprehensive SVHIGH 

values range from 0.189 ug/L (Histopathology) to 
1,250 ug/L (Mortality). 

Comprehensive SVLOW : Data were suffcient to 
estimate SVs for nine of the 13 effect categories 
(Table 4-1d).  Effect-specifc comprehensive SVLOW 

values range from 0.000511 ug/L (Histopathology 
and Reproductive) to 2.27 ug/L (Mortality). 

Effect Category 

Carbamazepine 
Range (N) of SV Point Estimate Values (ug/L) 

by Type of SV and Effect Category 
Population-relevant 

SVHIGH 

Population-relevant 
SVLOW 

Comprehensive SVHIGH Comprehensive SVLOW 

Effect Categories used for both Population-relevant and Comprehensive type SVs 
Behavioral 4.04 – 38,141 (6) 0.0254 – 525 (6) 3.79 – 35,760 (6) 0.0102 – 211 (7) 
Developmental 3.25 – 49,292 (5) 0.0072 – 778 (6) 3.05 – 46,210 (5) 0.0029 – 313 (6) 
Growth 719 (1) 2.29 – 42.2 (3) 674 (1) 0.92 – 16.9 (3) 
Mortality 1,332 (1) 5.66 – 20.9 (2) 1,250 (1) 2.27 – 8.38 (2) 
Reproductive 0.202 – 360 (2) 0.00127 – 2.26 (2) 0.19 – 337 (2) 0.00051 – 0.91 (2) 

Effect Categories used for Comprehensive type SVs, only 
Circulatory/ Blood 
Constituents 

75.8 – 2,513 (2) 0.0026 – 6.78 (2) 

Endocrine 
Genotoxicity 
Gross Pathology 
Histopathology 0.19 (2) 0.00051 (2) 
Immunological 
Neurological 75.8 – 2,513 (2) 0.0026 – 6.78 (2) 
Physiology/ 
Metabolism 68.2 – 2,513 (4) 0.0026 – 6.78 9 (4) 
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4.4.3.3. SV Development: Graphics for Carbamazepine 

Population-relevant SVHIGH Values for Carbamazepine:  Relationships among the Mean Value, Effect-
Specifc Values, and Point Estimates.  In the Point Estimate histogram, the X-axis values are upper bounds 
of frequency distribution bin intervals. 
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Population-relevant SVLOW Values for Carbamazepine:  Relationships among the Mean Value, Effect-
Specifc Values, and Point Estimates.  In the Point Estimate histogram, the X-axis values are upper bounds 
of frequency distribution bin intervals. 
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Comprehensive SVHIGH Values for Carbamazepine:  Relationships among the Mean Value, Effect-Specifc 
Values, and Point Estimates.  In the Point Estimate histogram, the X-axis values are upper bounds of 
frequency distribution bin intervals. 
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Comprehensive SVLOW Values for Carbamazepine:  Relationships among the Mean Value, Effect-Specifc 
Values, and Point Estimates.  In the Point Estimate histogram, the X-axis values are upper bounds of 
frequency distribution bin intervals. 
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4.4.4 Citalopram 

4.4.4.1 Chemical Summary 

CEC Category:  Pharmaceutical 
CEC Subcategories:  SSRI, antidepressant 

The following chemical information was obtained 
from the PubChem database (NLM 2016), unless 
otherwise indicated: 

• Usage:  “Citalopram is an antidepressant
drug used to treat depression associated with
mood disorders. It is also used on occasion
in the treatment of body dysmorphic
disorder and anxiety; Citalopram belongs
to a class of drugs known as selective
serotonin reuptake inhibitors (SSRIs)….”  

4.4.4.2 Screening Value Summary 

Mean SV Values (ug/L) for Citalopram 

Mean 

• CAS Number:  59729-33-8
• Water Solubility:  4 mg/mL as citalopram

hydrobromide (SCBT 2017)
• logKow:  3.5
• 2010-2012 USGS Lab Reporting Level (Choy

et al. 2017): 0.08 ug/L
• Interim Reporting Level – Techniques and

Methods 5-B10 (USGS 2014):  0.0066 ug/L
• MDL - Techniques and Methods 5-B10

(USGS 2014):  0.00132 ug/L
• MDL – AXYS Method MLA-075 (AXYS

2017): 0.0006 ug/L
• Reporting Limit for 1L sample – AXYS

Method MLA-075 (AXYS 2017):  0.0004 ug/L
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Mean Population-relevant SVHIGH for 
Citalopram: 0.237 μg/L 

o Relative Confdence:  Very Low.  Only the
Behavioral effect category is represented.

o Representation in the Population-relevant
SVHIGH Dataset for Citalopram
(see Attachment 4-2A:  Population-
relevant SVHIGH Point Estimates)

• Species: guppy.
• Life Stage(s): adult
• Publication(s): Olsen et al. 2014
• Effect Categories (Number of SV

Point Estimates), and Endpoints
Evaluated in at least one Study.
Although LOAECs for population-
relevant endpoints were the basis for
deriving SVHIGH values, all evaluated
endpoints are listed here.  Population-
relevance of effect endpoints is
discussed in Section 2.5 and Figure
2.2, and listed in Attachment 2-1.
• Behavioral (2): “freezing”

behavior and time remaining
frozen, fve indicators of
stress-related behavior

o Cumulative Uncertainty Factor applied to
the two LOAEC values to obtain Population-
relevant SVHIGH point estimates for
Citalopram:  4.95 (see Attachment 4-2A for
breakdown of the component UF values by
SV point estimate)

o Database Adequacy UF applied to obtain the
Mean Population-relevant SVHIGH value
from Effect-Specifc SVHIGH values for
Citalopram: 5

Mean Population-relevant SVLOW for 
Citalopram: 0.000254 μg/L 

o Relative Confdence: Very Low.  Only the
Behavioral effect category is represented

o Representation in the Population-relevant
SVLOW Dataset for Citalopram (see
Attachment 4-2B: Population-relevant
SVLOW Point Estimates)

• Species: guppy, rainbow trout
• Life Stage(s): adult, fry
• Publication(s): Holmberg et al.

2011, Olsen et al. 2014 
• Effect Categories (Number of SV

Point Estimates), and Endpoints
Evaluated in at least one Study.
Although NOAECs and unbounded
LOAECs for population-relevant
endpoints were the basis for deriving
SVLOW values, all evaluated endpoints
are listed here.  Population-relevance
of effect endpoints is discussed in
Section 2.5 and Figure 2.2, and listed
in Attachment 2-1.

• Behavioral (5): “freezing”
behavior and time remaining
frozen, fve indicators of stress-
related behavior, courting behavior,
sexual behavior, swimming activity,
aggressive displays

o Cumulative Uncertainty Factors applied to
NOAEC (bounded and unbounded) and
Unbounded LOAEC values to obtain
Population-relevant SVLOW point estimates
for Citalopram: ranged from 157 to 472
(see Attachment 4-2B for breakdown of the
component UF values by SV point estimate)

o Database Adequacy UF applied to
obtain the Mean Population-relevant
SVLOW value from Effect-Specifc
SVLOW values for Citalopram: 5

Mean Comprehensive SVHIGH for 
Citalopram: 0.22 μg/L 

o Relative Confdence:  Very Low.  Only
the Behavioral effect category is represented.

o Representation in the Comprehensive
SVHIGH Dataset for Citalopram (see
Attachment 4-2C: Comprehensive
SVHIGH Point Estimates)

• Species: guppy.
• Life Stage(s): adult
• Publication(s): Olsen et al. 2014
• Effect Categories (Number of SV

Point Estimates), and Endpoints
Evaluated in at least one Study
• Behavioral (2): “freezing”

behavior and time remaining
frozen, fve indicators of stress-
related behavior

o Cumulative Uncertainty Factor applied to
the two LOAECs to obtain Comprehensive
SVHIGH point estimates for Citalopram: 5.28
(see Attachment 4-2C for breakdown of
component UF values by SV point estimate)

o Database Adequacy UF applied to
obtain the Mean Comprehensive
SVHIGH value from Effect-Specifc
SVHIGH values for Citalopram:  5

Mean Comprehensive SVLOW for Citalopram: 
0.000102 μg/L 

o Relative Confdence:  Very Low.  Only the
Behavioral effect category is represented.

o Representation in the Comprehensive
SVLOW Dataset for Citalopram
(see Attachment 4-2D: Comprehensive
SVLOW Point Estimates)

• Species: guppy, rainbow trout
• Life Stage(s): adult, fry
• Publication(s): Holmberg et al.

2011, Olsen et al. 2014 
• Effect Categories (Number of SV
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Point Estimates), and Endpoints 
Evaluated in at least one Study 
• Behavioral (5): “freezing”

behavior and time remaining
frozen, fve indicators of stress-
related behavior, courting
behavior, sexual behavior,
swimming activity, aggressive
displays

o Cumulative Uncertainty Factors applied to
NOAEC (bounded and unbounded) and
Unbounded LOAEC values to obtain
Comprehensive SVLOW point estimates for
Citalopram: ranged from 392 to 1175
(see Attachment 4-2D for breakdown
of the component UF values by SV
point estimate)

o Database Adequacy UF applied to
obtain the Mean Comprehensive
SVLOW value from Effect-Specifc
SVLOW values for Citalopram: 5
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Effect Category-Specifc SV Values (ug/L) for 
Citalopram 

Population-relevant SVHIGH: Data on citalopram 
are limited to the Behavioral effect category – 1.19 
ug/L. 

Population-relevant SVLOW : Data are limited to the 
Behavioral effect category - 0.00127 ug/L. 

SV Point Estimates for Citalopram 

Comprehensive SVHIGH : Data on citalopram are 
limited to the Behavioral effect category – 1.11 
ug/L. 

Comprehensive SVLOW : Data are limited to the 
Behavioral effect category – 0.000511 ug/L. 

Effect Category 

Citalopram 
Range (N) of SV Point Estimate Values (ug/L) 

by Type of SV and Effect Category 
Population-relevant 

SVHIGH 

Population-relevant 
SVLOW 

Comprehensive SVHIGH Comprehensive SVLOW 

Effect Categories used for both Population-relevant and Comprehensive SVs 
Behavioral 0.46 – 3.03 (2) 0.00127 – 0.636 (5) 0.44 – 2.84 (2) 0.00051 – 0.255 (5) 
Developmental 
Growth 
Mortality 
Reproductive 

Effect Categories used for Comprehensive type SVs, only 
Circulatory/ Blood 
Constituents 
Endocrine 
Genotoxicity 
Gross Pathology 
Histopathology 
Immunological 
Neurological 
Physiology/ 
Metabolism 
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4.4.4.3 SV Development: Graphics for Citalopram 

Population-relevant SVHIGH Values for Citalopram:  Relationships among the Mean Value, Effect-Specifc 
Values, and Point Estimate s.  In the Point Estimate histogram, the X-axis values are upper bounds of 
frequency distribution bin intervals. 
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Population-relevant SVLOW Values for Citalopram:  Relationships among the Mean Value, Effect-Specifc 
Values, and Point Estimates.  In the Point Estimate histogram, the X-axis values are upper bounds of
 frequency distribution bin intervals. 
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Comprehensive SVHIGH Values for Citalopram:  Relationships among the Mean Value, Effect-Specifc 
Values, and Point Estimates.  In the Point Estimate histogram, the X-axis values are upper bounds of 
frequency distribution bin intervals. 
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Comprehensive SVLOW Values for Citalopram:  Relationships among the Mean Value, Effect-Specifc Values, 
and Point Estimates.  In the Point Estimate histogram, the X-axis values are upper bounds of frequency 
distribution bin intervals. 
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4.4.5 N,N-diethyl-meta-toluamide (DEET) 

4.4.5.1 Chemical Summary 

CEC Category: Insect repellant 

The following chemical information was obtained 
from the PubChem database (NLM 2016) , unless 
otherwise indicated: 

• Usage: “DEET is a chemical (N,N-diethyl-
meta-toluamide) used as the active
ingredient in many insect repellent
products…. It is now widely used, with
approximately 30% of the U. S. population
using DEET repellents each year…
Approximately 230 products containing
DEET are currently registered with the
U. S. Environmental Protection Agency
(EPA).”

4.4.5.2 Screening Value Summary 

Mean SV Values (ug/L) for DEET 

Mean 

• CAS Number: 134-62-3
• Water Solubility:  912 mg/L at 25 deg C

(estimated)
• logKow:  2.02
• 2010-2012 USGS Lab Reporting Level

(Choy et al. 2017):  0.04 ug/L
• MDL – Techniques and Methods 5-B4

(USGS 2006): 0.12 ug/L
• MDL – AXYS Method MLA-075 (AXYS

2017): 0.0007 ug/L
• Reporting Limit for 1L sample – AXYS

Method MLA-075 (AXYS 2017):  0.0002 ug/L

107 



 

  

  

 
	 	

	 	 	 	
	 	 	 	

    
 

    

	

 
   
  

 

  

			 	 	

	 	
	 	 	

	 	 	 	

	 		 	 	

	
	 		 	

	 		 	 	 	 	 	

			 	 	

	 	
	 	 	

	 	 	 	

	

	

Mean Population-relevant SVHIGH for 
DEET:  7,098 μg/L 

o Relative Confdence:  Very Low.  Only
the Mortality effect category is
represented, in only one fsh species.

o Representation in the Population-
relevant SVHIGH Dataset for DEET
(see Attachment 4-2A:  Population-
relevant SVHIGH Point Estimates)

• Species: mosquitofsh
• Life Stage(s): adult
• Publication(s): Michael and Grant 1974
• Effect Categories (Number of SV

Point Estimates), and Endpoints
Evaluated in at least one Study.
Although LOAECs for population-
relevant endpoints were the basis for
deriving SVHIGH values, all evaluated
endpoints are listed here.  Population-
relevance of effect endpoints is
discussed in Section 2.5 and Figure
2.2, and listed in Attachment 2-1.
• Mortality (2)

o Cumulative Uncertainty Factor applied to
the two LOAEC values to obtain Population-
relevant SVHIGH point estimates for DEET:
7.425 (see Attachment 4-2A for breakdown of
component UF values by SV point estimate)

o Database Adequacy UF applied to
obtain the Mean Population-relevant
SVHIGH value from Effect-Specifc
SVHIGH values for DEET:  3

Mean Population-relevant SVLOW for 
DEET:  0.00127 μg/L 

o Relative Confdence: Low.  Although three
of the fve population-relevant effect categories
are represented, there are a total of only six
observations based on few effect endpoints

o Representation in the Population-relevant
SVLOW Dataset for DEET (see Attachment
4-2B: Population-relevant SVLOW Point
Estimates)

• Species: common carp, fathead
minnow, mosquitofsh

• Life Stage(s): adult
• Publication(s): Michael and Grant

1974, Slaninova et al. 2014, Zenobio
et al. 2014

• Effect Categories (Number of SV
Point Estimates), and Endpoints
Evaluated in at least one Study.
Although NOAECs and unbounded
LOAECs for population-relevant
endpoints were the basis for deriving
SVLOW values, all evaluated endpoints
are listed here.  Population-relevance
of effect endpoints is discussed in
Section 2.5 and Figure 2.2, and listed
in Attachment 2-1.

• Growth (2): body weight, condition
factor

• Mortality (3)
• Reproductive (1): gonad weights,

GSI

o Cumulative Uncertainty Factors applied to
NOAEC (bounded and unbounded) and
Unbounded LOAEC values to obtain
Population-relevant SVLOW point estimates
for DEET: ranged from 236 to 1179 (see
Attachment 4-2B for breakdown of the
component UF values by SV point estimate)

o Database Adequacy UF applied to obtain the
Mean Population-relevant SVLOW value
from Effect-Specifc SVLOW values for DEET:  2

Mean Comprehensive SVHIGH for 
DEET:  22.0 μg/L 

o Relative Confdence:  Very Low.  Only three
of the 13 effect categories are represented by
a total of only four point estimates.

o Representation in the Comprehensive/
SVHIGH Dataset for DEET
(see Attachment 4-2C: Comprehensive
SVHIGH Point Estimates)

• Species: common carp, fathead
minnow, mosquitofsh

• Life Stage(s): adult
• Publication(s): Michael and Grant

1974, Slaninova et al. 2014, Zenobio
et al. 2014

• Effect Categories (Number of SV
Point Estimates), and Endpoints
Evaluated in at least one Study
• Circulatory/Blood Constituents

(1): 21 hematological and blood
chemistry parameters

• Endocrine/Hormone (1):  androgen
receptor gene expression in
ovaries and 9 additional
endocrine-related gene expressions

• Mortality (2)

o Cumulative Uncertainty Factors applied to
LOAEC values to obtain Comprehensive
SVHIGH point estimates for DEET: ranged
from 5.3 to 7.9 (see Attachment 4-2C for
breakdown of component UF values
by SV point estimate)

o Database Adequacy UF applied to
obtain the Mean Comprehensive
SVHIGH value from Effect-Specifc
SVHIGH values for DEET:  3

Mean Comprehensive SVLOW for DEET:  
0.0236 μg/L 

o Relative Confdence: Moderate. Eight of the
13 effect categories are represented using
effects data from three fsh species, but six of
the effect categories have only one SV point
estimate.
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o Representation in the Comprehensive
SVLOW Dataset for DEET (see Attachment
4-2D:  Comprehensive SVLOW Point
Estimates)

• Species: common carp, fathead
minnow, mosquitofsh

• Life Stage(s): adult
• Publication(s): Michael and

Grant 1974, Slaninova et al. 2014,
Zenobio et al. 2014

• Effect Categories (Number of SV
Point Estimates), and Endpoints
Evaluated in at least one Study
• Circulatory/Blood Constituents

(1): 21 hematological and blood
chemistry parameters

• Endocrine/Hormone (1): androgen
receptor gene expression in
ovaries and 9 additional
endocrine-related gene
expressions

• Growth (2): body weight, condition
factor

• Histopathology (1): liver, gills,
kidneys

• Immunological (1): pro-
infammatory and anti-
infammatory gene expression

• Mortality (3)
• Physiology/Metabolism (1):

activities of fve antioxidant
enzymes in liver and kidneys

• Reproductive (1): gonad weights,
GSI

o Cumulative Uncertainty Factors applied to
NOAEC (bounded and unbounded) and
unbounded LOAEC values to obtain
Comprehensive SVLOW point estimates for
DEET: ranged from 587 to 2937 (see
Attachment 4-2D for breakdown of the
component UF values by SV point estimate)

o Database Adequacy UF applied to
obtain the Mean Comprehensive
SVLOW value from Effect-Specifc
SVLOW values for DEET:  1
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Effect-Specifc SV Values (ug/L) for DEET 

Population-relevant SVHIGH: The DEET Population 
SVHIGH for Mortality is 21,300 ug/L (Table 4-1a).  
Relevant data are limited to two SVHIGH point 
estimates based on mortality in mosquitofsh, 
ranging from 16,835 ug/L to 26,936 ug/L. 

Population-relevant SVLOW : Data were suffcient 
to estimate SVs for three of the fve population-
relevant effect categories (Table 4-1b).  The 
Population SVLOW value is the same, 0.00254 ug/L, 
for the Growth, Mortality, and Reproductive effect 
categories. 

SV Point Estimates for DEET 

Comprehensive SVHIGH : Data were suffcient to 
estimate SVs for three of the 13 effect categories 
(Table 4-1c).  Effect-specifc comprehensive SVLOW 

values range from 0.076 ug/L (Endocrine) to 20,000 
ug/L (Mortality). 

Comprehensive SVLOW : Data were suffcient to 
estimate SVs for eight of the 13 effect categories 
(Table 4-1d).  Effect-specifc comprehensive SVLOW 

values range from 0.00034 ug/L (Endocrine) to 1.28 
ug/L (Histopathology, Immunological, Physiological/ 
Metabolic). 

Effect Category 

DEET 
Range (N) of SV Point Estimate Values (ug/L) 

by Type of SV and Effect Category 
Population-relevant 

SVHIGH 

Population-relevant 
SVLOW 

Comprehensive SVHIGH Comprehensive SVLOW 

Effect Categories used for both Population-relevant and Comprehensive type SVs 
Behavioral 
Developmental 
Growth 0.00254 – 3.18 (2) 0.00102 – 1.28 (2) 
Mortality 16,835 – 26,936 (2) 0.00254 – 265 (3) 15,780 – 25,253 (2) 0.00102 – 106 (3) 
Reproductive 0.00254 (1) 0.00102 (1) 

Effect Categories used for Comprehensive type SVs, only 
Circulatory/ Blood 
Constituents 

189 (1) 0.13 (1) 

Endocrine 0.076 (1) 0.00034 (1) 
Genotoxicity 
Gross Pathology 
Histopathology 1.28 (1) 
Immunological 1.28 (1) 
Neurological 
Physiology/ 
Metabolism 1.28 (1) 
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4.4.5.3. SV Development: Graphics for DEET 

Population-relevant SVHIGH Values for DEET:  Relationships among the Mean Value, Effect-Specifc Values, 
and Point Estimates.  In the Point Estimate histogram, the X-axis values are upper bounds of frequency 
distribution bin intervals. 

111 



 

Population-relevant SVLOW Values for DEET:  Relationships among the Mean Value, Effect-Specifc Values, 
and Point Estimates.  In the Point Estimate histogram, the X-axis values are upper bounds of frequency 
distribution bin intervals. 
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Comprehensive SVHIGH Values for DEET:  Relationships among the Mean Value, Effect-Specifc Values, 
and Point Estimates.  In the Point Estimate histogram, the X-axis values are upper bounds of frequency 
distribution bin intervals 
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Comprehensive SVLOW Values for DEET:  Relationships among the Mean Value, Effect-Specifc Values, 
and Point Estimates.  In the Point Estimate histogram, the X-axis values are upper bounds of frequency 
distribution bin intervals. 
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4.4.6 Diphenhydramine 

4.4.6.1 Chemical Summary 

CEC Category:  Pharmaceutical 
CEC Subcategories:  Antihistamine, antiallergenic 

The following chemical information was obtained 
from the PubChem database (NLM 2016), unless 
otherwise indicated: 

• Usage: “Diphenhydramine is a frst
generation antihistamine and ethanolamine
with sedative and anti-allergic
properties. … This prevents histamine-
induced bronchoconstriction, vasodilation,
increased capillary permeability, and GI
smooth muscle spasms.”

• CAS Number:  58-73-1
• Water Solubility: 3060 mg/L (at 37 °C)

4.4.6.2 Screening Value Summary 

Mean SV Values (ug/L) for Diphenhydramine 

Mean 

• logKow: 3.27
• 2010-2012 USGS Lab Reporting Level

(Choy et al. 2017):  0.08 ug/L
• Interim Reporting Level – Techniques and

Methods 5-B10 (USGS 2014):  0.0058 ug/L
• MDL - Techniques and Methods 5-B10

(USGS 2014):  0.0029 ug/L
• MDL – EPA Method 1694 (USEPA 2007b):

0.0004 ug/L
• MDL – AXYS Method MLA-075 (AXYS

2017): 0.0001 ug/L
• Reporting Limit for 1L sample – AXYS

Method MLA-075 (AXYS 2017):  0.0006 ug/L
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Mean Population-relevant SVHIGH for 
Diphenhydramine: 3.35 μg/L 

o Relative Confdence: Very Low.
The Behavioral and Developmental
effect categories are represented by
only one SV point estimate, each.

o Representation in the Population-
relevant SVHIGH Dataset for
Diphenhydramine (see Attachment
4-2A:  Population-relevant SVHIGH 

Point Estimates)
• Species: fathead minnow
• Life Stage(s): larva
• Publication(s): Berninger et al. 2011
• Effect Categories (Number of SV

Point Estimates), and Endpoints
Evaluated in at least one Study.
Although LOAECs for population-
relevant endpoints were the basis for
deriving SVHIGH values, all evaluated
endpoints are listed here.  Population-
relevance of effect endpoints is
discussed in Section 2.5 and Figure
2.2, and listed in Attachment 2-1.

• Behavioral (1): feeding rate
• Developmental (1):  growth,

survival

o Cumulative Uncertainty Factor applied to
the two LOAECs to obtain Population-
relevant SVHIGH point estimates for
Diphenhydramine: 2.475 (see Attachment
4-2A for breakdown of component UF values
by SV point estimate)

o Database Adequacy UF applied to obtain the
Mean Population-relevant SVHIGH value
from Effect-Specifc SVHIGH values for
Diphenhydramine: 2

Mean Population-relevant SVLOW for 
Diphenhydramine: 0.0527 μg/L 

o Relative Confdence:  Very Low.  The
Behavioral and Developmental effect
categories are represented by only
one SV point estimate, each.

o Representation in the Population-relevant
SVLOW Dataset for Diphenhydramine
(see Attachment 4-2B: Population-
elevant SVLOW Point Estimates)

• Species: fathead minnow
• Life Stage(s): larva
• Publication(s): Berninger et al. 2011
• Effect Categories (Number of SV

Point Estimates), and Endpoints
Evaluated in at least one Study.
Although NOAECs and
unbounded LOAECs for population-
relevant endpoints were the basis for
deriving SVLOW values, all evaluated
endpoints are listed here.  Population-
relevance of effect endpoints is
discussed in Section 2.5 and Figure

2.2, and listed in Attachment 2-1. 
• Behavioral (1):  feeding rate
• Developmental (1):  growth,

survival

o Cumulative Uncertainty Factor applied to
the two NOAECs to obtain Population
relevant SVLOW point estimates for
Diphenhydramine: 78.6 (see Attachment
4-2B for breakdown of the component UF
values by SV point estimate)

o Database Adequacy UF applied to obtain
the Mean Population-relevant SVLOW value
from Effect-Specifc SVLOW values for
Diphenhydramine: 2

Mean Comprehensive SVHIGH for 
Diphenhydramine: 1.26 μg/L 

o Relative Confdence:  Very Low.  The
Behavioral and Developmental effect
categories are represented by only
one SV point estimate, each.

o Representation in the Comprehensive
SVHIGH Dataset for Diphenhydramine
see Attachment 4-2C: Comprehensive
SVHIGH Point Estimates)

• Species: fathead minnow
• Life Stage(s): larva
• Publication(s): Berninger et al. 2011
• Effect Categories (Number of SV

Point Estimates), and Endpoints
Evaluated in at least one Study

• Behavioral (1): feeding rate
• Developmental (1): growth,

survival

o Cumulative Uncertainty Factor applied to
the two LOAECs to obtain Comprehensive
SVHIGH point estimates for
Diphenhydramine: 2.64 (see Attachment
4-2C for breakdown of component UF values
by SV point estimate)

o Database Adequacy UF applied to obtain
the Mean Comprehensive SVHIGH value from
Effect-Specifc SVHIGH values for
Diphenhydramine: 5

Mean Comprehensive SVLOW for 
Diphenhydramine: 0.00846 μg/L 

o Relative Confdence:  Very Low.  The
Behavioral and Developmental effect
categories are represented by only
one SV point estimate n, each.

o Representation in the Comprehensive
SVLOW Dataset for Diphenhydramine
see Attachment 4-2D:  Comprehensive
SVLOW Point Estimates)

• Species: fathead minnow
• Life Stage(s): larva
• Publication(s): Berninger et al. 2011
• Effect Categories (Number of SV

Point Estimates), and Endpoints
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Evaluated in at least one Study 
• Behavioral (1): feeding rate
• Developmental (1):  growth,

survival

o Cumulative Uncertainty Factor applied to
the two NOAECs to obtain Comprehensive
SVLOW point estimates for
Diphenhydramine: 195.8 (see Attachment
4-2D for breakdown of the component UF
values by SV point estimate)

o Database Adequacy UF applied to obtain the
Mean Comprehensive SVLOW value from
Effect-Specifc SVLOW values for
Diphenhydramine: 5

Effect-Specifc SV Values (ug/L) for 
Diphenhydramine 

Population-relevant SVHIGH: The diphenhydramine 
effect-specifc Population SVHIGH values for 
Behavioral and Developmental effects are 2.26 and 
19.8 ug/L, respectively (Table 4-1a).  Available data 
were not suffcient to develop effect-specifc SV 
values for the other three population-relevant effect 
categories. 

Population-relevant SVLOW : The effect-specifc 
population SVLOW values for Behavioral and 
Developmental effects are 0.0356 and 0.312 ug/L, 
respectively (Table 4-1b).  Available data were not 
suffcient to develop effect-specifc SV values for the 
other three population-relevant effect categories. 

Comprehensive SVHIGH : The effect-specifc 
comprehensive SVHIGH values for Behavioral 
and Developmental effects are 2.12 and 18.6 ug/L, 
respectively (Table 4-1c).  Available data were not 
suffcient to develop effect-specifc SV values for the 
other 11 effect categories. 

Comprehensive SVLOW : The effect-specifc 
comprehensive SVLOW values for Behavioral and 
Developmental effects are 0.0143 and 0.125 ug/L, 
respectively (Table 4-1d).  Available data were not 
suffcient to develop effect-specifc SV values for the 
other 11 effect categories. 
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SV Point Estimates for Diphenhydramine 

Effect Category 

Diphenhydramine 
Range (N) of SV Point Estimate Values (ug/L) 

by Type of SV and Effect Category 
Population-relevant 

SVHIGH 

Population-relevant 
SVLOW 

Comprehensive SVHIGH Comprehensive SVLOW 

Effect Categories used for both Population-relevant and Comprehensive type SVs 
Behavioral 2.26 (1) 0.036 (1) 2.12 (1) 0.014 (1) 
Developmental 19.8 (1) 0.31 (1) 18.6 (1) 0.125 (1) 
Growth 
Mortality 
Reproductive 

Effect Categories used for Comprehensive type SVs, only 
Circulatory/ Blood 
Constituents 
Endocrine 
Genotoxicity 
Gross Pathology 
Histopathology 
Immunological 
Neurological 
Physiology/ 
Metabolism 
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4.4.6.3 SV Development: Graphics for Diphenhydramine 

Population-relevant SVHIGH Values for Diphenhydramine:  Relationships among the Mean Value, Effect-
Specifc Values, and Point Estimates.  In the Point Estimate histogram, the X-axis values are upper bounds 
of frequency distribution bin intervals 
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Population-relevant SVLOW Values for Diphenhydramine:  Relationships among the Mean Value, Effect-
Specifc Values, and Point Estimates.  In the Point Estimate histogram, the X-axis values are upper bounds 
of frequency distribution bin intervals. 
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Comprehensive SVHIGH Values for Diphenhydramine:  Relationships among the Mean Value, Effect-Specifc 
Values, and Point Estimates.  In the Point Estimate histogram, the X-axis values are upper bounds of 
frequency distribution bin intervals. 
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Comprehensive SVLOW Values for Diphenhydramine: Relationships among the Mean Value, Effect-Specifc 
Values, and Point Estimates.  In the Point Estimate histogram, the X-axis values are upper bounds of 
frequency distribution bin intervals. 
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4.4.7 Estrone 

4.4.7.1 Chemical Summary 

CEC Category:  Hormone 
CEC Subcategories:  Therapeutic hormone, 
endogenous mammalian hormone 

The following chemical information was obtained 
from the PubChem database (NLM 2016), unless 
otherwise indicated: 

• Usage: “Estrone is a major mammalian
estrogen….Therapeutic Estrone is
the synthetic form of a naturally occurring
estrogen estrone. Estrone diffuses through
the cell membrane and binds to and
subsequently activates the nuclear estrogen
receptor found in the reproductive tract,
breast, pituitary, hypothalamus, liver, and
bone.”

4.4.7.2 Screening Value Summary 

Mean SV Values (ug/L) for Estrone 

Mean 

• CAS Number:  53-16-7
• Water Solubility: 30 mg/L (at 25 °C)
• logKow:  3.13
• 2010-2012 USGS Lab Reporting Level

(Choy et al. 2017):  0.0008 ug/L
• Interim Reporting Level - USGS Laboratory

(USGS 2012):  0.0008 ug/L
• Applied Detection Level - USGS Techniques

and Methods 5-B9 (USGS 2012):  0.0004 ug/L
• MDL - USEPA Method 1698 (USEPA

2007a): 0.0002 ug/L
• MDL – AXYS Method MLA-075 (AXYS

2017): 0.0029 ug/L
• Reporting Limit for 1L sample – AXYS

Method MLA-075 (AXYS 2017):  0.004 ug/L
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Mean Population-relevant SVHIGH for 
Estrone: 0.0186 μg/L 

o Relative Confdence:  Low.  Although toxicity
endpoints associated with three of the fve
population-relevant effect categories were
reported in the literature, there are very few
SV point estimates in two of the categories.

o Representation in the Population-relevant
SVHIGH Dataset for Estrone (see Attachment
4-2A:  Population-relevant SVHIGH 

Point Estimates)

• Species: fathead minnow, goldfish,
Japanese medaka, Java medaka

• Life Stage(s): embryo, larva,
juvenile, adult

• Publication(s): 6 separate studies
published between 2001 and 2013

• Effect Categories (Number of SV
Point Estimates), and Endpoints
Evaluated in at least one Study.
Although LOAECs for population-
relevant endpoints were the basis for
deriving SVHIGH values, all evaluated
endpoints are listed here.  Population-
relevance of effect endpoints is
discussed in Section 2.5 and Figure
2.2, and listed in Attachment 2-1.

• Behavioral (1): escape
response, response latency

• Developmental (4):  survival,
hatchability, time to hatch,
sex ratio, gross abnormalities,
GSI, sex reversal in males,
intersex, condition factor,
growth, eosinophilia in kidneys
and body cavity, egg production
and fertility, HSI

• Reproductive (2): reproductive
hormone levels, GSI, gonadal
DNA damage, spawning
frequency, numbers eggs
spawned, total eggs produced

o Cumulative Uncertainty Factors applied to
LOAEC values to obtain Population-
relevant SVHIGH point estimates for Estrone:
ranged from 2.5 to 5 (see Attachment 4-2A
for breakdown of component UF values
by SV point estimate)

o Database Adequacy UF applied to obtain the
Mean Population-relevant SVHIGH value
from Effect-Specifc SVHIGH values for
Estrone: 2

Mean Population-relevant SVLOW for 
Estrone: 0.000115 μg/L 

o Relative Confdence: Moderate. Effect
endpoints associated with four of the fve
population-relevant effect categories were
reported in the literature, however, there are
few SV point estimates in two of the categories.

o Representation in the Population-relevant
SVLOW Dataset for Estrone (see Attachment
4-2B: Population-relevant SVLOW Point
Estimates)

• Species: brown trout, fathead
minnow, goldfsh, Japanese
medaka, Java medaka, zebrafsh

• Life Stage(s): embryo, larva,
juvenile, adult

• Publication(s): 9 separate studies
published between 1998 and 2013

• Effect Categories (Number of SV
Point Estimates), and Endpoints
Evaluated in at least one Study.
Although NOAECs and unbounded
LOAECs for population-relevant
endpoints were the basis for deriving
SVLOW values, all evaluated endpoints
are listed here.  Population-relevance
of effect endpoints is discussed in
Section 2.5 and Figure 2.2, and listed
in Attachment 2-1.

• Behavioral (2): escape
response and response latency,
larval behavioral tests

• Developmental (6):  survival,
hatchability, time to hatch,
sex ratio, gross abnormalities,
GSI, sex reversal in males,
intersex, total wet weight,
condition factor, growth,
eosinophilia in kidneys and
body cavity, egg production and
fertility, HSI

• Mortality (1)
• Reproductive (4):  reproductive

hormone levels, GSI, gonadal
DNA damage, spawning
frequency, numbers eggs
spawned, total eggs produced

o Cumulative Uncertainty Factors applied to
NOAEC (bounded and

unbounded) and Unbounded LOAEC 
values to obtain Population-relevant 
SVLOW point estimates for Estrone: 
ranged from 78.6 to 315 (see 
Attachment 4-2B for breakdown of the 
component UF values by SV 
point estimate) 

o Database Adequacy UF applied to obtain the
Mean Population-relevant SVLOW value
from Effect-Specifc SVLOW values for
Estrone: 1
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Mean Comprehensive SVHIGH for 
Estrone: 0.00665 μg/L 

o Relative Confdence:   Low.  Relevant data
for only four of the 13 effect categories were
located in the literature, and there are very
few SV point estimates in two of those
categories.

o Representation in the Comprehensive
SVHIGH Dataset for Estrone
(see Attachment 4-2C: Comprehensive
SVHIGH Point Estimates)

• Species: fathead minnow, goldfish,
Japanese medaka, Java medaka,
round goby, zebrafsh

• Life Stage(s): embryo, larva,
juvenile, adult

• Publication(s): 9 separate studies
published between 1998 and 2013

• Effect Categories (Number of SV
Point Estimates), and Endpoints
Evaluated in at least one Study

• Behavioral (1): escape
response, response latency

• Developmental (4):  survival,
hatchability, time to hatch,
sex ratio, gross abnormalities,
GSI, sex reversal in males,
intersex, condition factor,
growth, eosinophilia in kidneys
and body cavity, egg production
and fertility, HSI

• Physiology/Metabolism (2):
basal ventilation

• Reproductive (4):  reproductive
hormone levels, GSI, gonadal
DNA damage, spawning
frequency, numbers eggs
spawned, total eggs produced

o Cumulative Uncertainty Factors applied to
LOAEC values to obtain Comprehensive
SVHIGH point estimates for Estrone: ranged
from 2.6 to 13.2 (see Attachment 4-2C for
breakdown of component UF values
by SV point estimate)

o Database Adequacy UF applied to obtain the
Mean Comprehensive SVHIGH value from
Effect-Specifc SVHIGH values for Estrone: 3

Mean Comprehensive SVLOW for 
Estrone: 0.0000144 μg/L 

o Relative Confdence:  Low.  Relevant data for
only fve of the 13 effect categories were
located in the literature, and there are very
few SV point estimates in three of those
categories.

o Representation in the Comprehensive SVLOW 

Dataset for Estrone (see Attachment 4-2D:
Comprehensive SVLOW Point Estimates)

• Species: brown trout, fathead
minnow, goldfsh, Japanese
medaka, Java medaka, round
goby, zebrafsh

• Life Stage(s): embryo, larva,
juvenile, adult

• Publication(s): 10 separate studies
published between 1998 and 2013

• Effect Categories (Number of SV
Point Estimates), and Endpoints
Evaluated in at least one Study

• Behavioral (2): escape
response and response latency,
larval behavioral tests

• Developmental (6):  survival,
hatchability, time to hatch,
sex ratio, gross abnormalities,
GSI, sex reversal in males,
intersex, total wet weight,
condition factor, growth,
eosinophilia in kidneys and
body cavity, egg production and
fertility, HSI

• Mortality (1)
• Physiology/Metabolism (2):

basal ventilation
• Reproductive (4):  reproductive

hormone levels, GSI, gonadal
DNA damage, spawning
frequency, numbers eggs
spawned, total eggs produced

o Cumulative Uncertainty Factors applied to
NOAEC (bounded and unbounded) and
Unbounded LOAEC values to obtain
Comprehensive SVLOW point estimates for
Estrone: ranged from 196 to 1958 (see
Attachment 4-2D for breakdown of the
component UF values by SV point estimate)

o Database Adequacy UF applied to
obtain the Mean Comprehensive
SVLOW value from Effect-Specifc
SVLOW values for Estrone: 1
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Effect-Specifc SV Values (ug/L) for Estrone 

• Population-relevant SVHIGH: The estrone
effect-specifc Population SVHIGH values range
from 0.0202 ug/L (Behavioral) to 0.0754 ug/L
(Developmental). The Population SVHIGH for the
Reproductive effect category was intermediate
(Table 4-1a).

• Population-relevant SVLOW : Available data
were suffcient to estimate values four of the fve
population-relevant effect categories. The effect-
specifc Population SVLOW values range from
0.0000318 ug/L (Behavioral and Developmental)
to 0.00168 (Mortality) (Table 4-1b).

SV Point Estimates for Estrone 

• Comprehensive SVHIGH : There were suffcient 
data to estimate values for only four of the 13 effect 
categories. Effect-specifc comprehensive SVHIGH 
values range from 0.00205 ug/L (Physiology/
Metabolism) to 0.0706 (Developmental) (Table 4-1c).

• Comprehensive SVLOW : Five of the 13
effect categories have values for estrone (Table
4-1d). The effect-specifc comprehensive SVLOW 

values range from 0.000000138 ug/L (Physiology/
Metabolism) to 0.000674 ug/L (Mortality).

Effect Category 

Estrone 
Range (N) of SV Point Estimate Values (ug/L) 

by Type of SV and Effect Category 
Population-relevant 

SVHIGH 

Population-relevant 
SVLOW 

Comprehensive SVHIGH Comprehensive SVLOW 

Effect Categories used for both Population-relevant and Comprehensive type SVs 
Behavioral 0.0202 (1) 0.0000318 – 0.000636 (2) 0.0189 (1) 0.0000128 – 0.000255 (2) 
Developmental 0.0202 – 0.196 (4) 0.0000318 – 0.00252 (6) 0.0189 – 0.189 (4) 0.0000128 – 0.00101 (6) 
Growth 
Mortality 0.00168 (1) 0.000674 (1) 
Reproductive 0.0073 – 0.158 (2) 0.000102 – 0.00157 (4) 0.0068 – 0.187 (4) 0.0000409 – 0.000631 (4) 

Effect Categories used for Comprehensive type SVs, only 
Circulatory/ Blood 
Constituents 
Endocrine 
Genotoxicity 
Gross Pathology 
Histopathology 
Immunological 
Neurological 
Physiology/ 
Metabolism 0.0002 – 0.0205 (2) 0.0000001 – 0.0000138 (2) 
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4.4.7.3 SV Development: Graphics for Estrone 

Population-relevant SVHIGH Values for Estrone:  Relationships among the Mean Value, Effect-Specifc 
Values, and Point Estimates.  In the Point Estimate histogram, the X-axis values are upper bounds of 
frequency distribution bin intervals 
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Population-relevant SVLOW Values for Estrone:  Relationships among the Mean Value, Effect-Specifc 
Values, and Point Estimates.  In the Point Estimate histogram, the X-axis values are upper bounds of 
frequency distribution bin intervals. 
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Comprehensive SVHIGH Values for Estrone:  Relationships among the Mean Value, Effect-Specifc Values, 
and Point Estimates.  In the Point Estimate histogram, the X-axis values are upper bounds of frequency 
distribution bin intervals. 
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Comprehensive SVLOW Values for Estrone:  Relationships among the Mean Value, Effect-Specifc Values, 
and Point Estimates.  In the Point Estimate histogram, the X-axis values are upper bounds of frequency 
distribution bin intervals. 
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4.4.8 Hexahydrohexamethylcyclopentabenzopyran 
(HHCB) 

4.4.8.1 Chemical Summary 

CEC Category:  Fragrance 
CEC Subcategory:  Musk 

The following chemical information was obtained 
from the PubChem database (NLM 2016) , unless 
otherwise indicated: 

• Usage:  HHCB is a musk fragrance used in
air care products, cleaning products,
soaps, plastic and rubber products, and
personal care products. It has been
identifed as a High Production Volume

4.4.8.2 Screening Value Summary 

Mean SV Values (ug/L) for HHCB 

Mean 

chemical by the USEPA Offce of Pollution 
Prevention and Toxics.  

• CAS Number:  1222-05-5
• Water Solubility:  1.75 mg/L at 25 deg C
• logKow: 5.90
• 2010-2012 USGS Laboratory Reporting

Level (Choy et al. 2017):  0.04 ug/L
• MDL – Techniques and Methods 5-B4

(USGS 2006): 0.11 ug/L
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Mean Population-relevant SVHIGH for 4-2B: Population-relevant SVLOW Point
HHCB: 60.2 μg/L Estimates)

o Relative Confdence:  Low.  Although toxicity
endpoints associated with four of the fve
population-relevant effect categories were
reported in the literature, there is only one
observation in each effect category.
In addition, the two references (Croudace et
al. 1997, Wϋthrich 1996) were located only in
secondary sources.

o Representation in the Population-
relevant SVHIGH Dataset for HHCB
(see Attachment 4-2A:  Population-
relevant SVHIGH Point Estimates)

• Species: bluegill, fathead minnow
• Life Stage(s): embryo, larva, adult
• Publication(s): Croudace et al.

1997, Wϋthrich 1996
• Effect Categories (Number of SV

Point Estimates), and Endpoints
Evaluated in at least one Study.
Although LOAECs for population-
relevant endpoints were the basis for
deriving SVHIGH values, all evaluated
endpoints are listed here.  Population-
relevance of effect endpoints is
discussed in Section 2.5 and Figure
2.2, and listed in Attachment 2-1.

• Behavioral (1):  respiration,
equilibrium, righting refex,
swimming behavior

• Developmental (1):  survival,
growth, balance and swimming
behavior, activity level,
hatchability

• Growth (1): growth parameters
• Mortality (1)

o Cumulative Uncertainty Factors applied to
LOAEC values to obtain Population-
relevant SVHIGH point estimates for HHCB:
ranged from 2.5 to 5 (see Attachment 4-2A
for breakdown of component UF values
by SV point estimate)

o Database Adequacy UF applied to obtain the
Mean Population-relevant
SVHIGH value from Effect-Specifc
SVHIGH values for HHCB: 1

Mean Population-relevant SVLOW for 
HHCB: 0.91 μg/L 

o Relative Confdence:  Low.  Although
there were suffcient data to estimate
values for four of the fve population-
relevant effect categories, three of the
categories had only one observation.
In addition, two of the three
references (Croudace et al. 1997,
Wϋthrich 1996) were located only in
secondary sources.

o Representation in the Population-relevant
SVLOW Dataset for HHCB (see Attachment

• Species: bluegill, fathead minnow,
zebrafsh

• Life Stage(s): embryo, larva, adult
• Publication(s): Carlsson and Norrgren

2004, Croudace et al. 1997, Wϋthrich
1996

• Effect Categories (Number of SV
Point Estimates), and Endpoints
Evaluated in at least one Study.
Although NOAECs and unbounded
LOAECs for population-relevant
endpoints were the basis for deriving
SVLOW values, all evaluated endpoints
are listed here.  Population-relevance
of effect endpoints is discussed in
Section 2.5 and Figure 2.2, and listed
in Attachment 2-1.

• Behavioral (1): respiration,
equilibrium, righting refex,
swimming behavior

• Developmental (2): survival,
growth, balance and swimming
behavior, activity level,
hatchability, egg coagulation,
tail extension, heartbeat and
heart rate, edema, circulation

• Growth (1):  growth parameters
• Mortality (1)

o Cumulative Uncertainty Factors applied to
NOAEC (bounded and unbounded) and
Unbounded LOAEC values to obtain
Population-relevant SVLOW point estimates
for HHCB: ranged from 78.6 to 157 (see
Attachment 4-2B for breakdown of the
component UF values by SV point estimate)

o Database Adequacy UF applied to obtain
the Mean Population-relevant
SVLOW value from Effect-Specifc
SVLOW values for HHCB: 1

Mean Comprehensive SVHIGH for 
HHCB: 21.3 μg/L 

o Relative Confdence:  Low.  Six of the 13
effect categories have minimally suffcient
data to estimate a value – one observation
per effect category.  In addition, two of the
four references (Croudace et al. 1997,
Wϋthrich 1996) were located only in
secondary sources.

o Representation in the Comprehensive
SVHIGH Dataset for HHCB
(see Attachment 4-2C: Comprehensive
SVHIGH Point Estimates)

• Species: bluegill, fathead minnow,
goldfsh, zebrafsh

• Life Stage(s): embryo, larva,
juvenile, adult

• Publication(s): Chen et al. 2012,
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Croudace et al. 1997, Schreurs et 
al. 2004, Wϋthrich 1996

• Effect Categories (Number of SV
Point Estimates), and Endpoints
Evaluated in at least one Study

• Behavioral (1):  respiration,
equilibrium, righting refex,
swimming behavior

• Developmental (1):  survival,
growth, balance and swimming
behavior, activity level,
hatchability

• Growth (1):  growth parameters
• Mortality (1)
• Physiology/Metabolism (1):

oxidative stress indicators,
antioxidant enzyme activity

• Reproductive (1): anti-
estrogenicity

o Cumulative Uncertainty Factors applied to
LOAEC values to obtain Comprehensive
SVHIGH point estimates for HHCB: ranged
from 2.6 to 7.9 (see Attachment 4-2C for
breakdown of component UF values
by SV point estimate)

o Database Adequacy UF applied to
obtain the Mean Comprehensive
SVHIGH value from Effect-Specifc
SVHIGH values for HHCB: 1

Mean Comprehensive SVLOW for 
HHCB: 0.0649 μg/L 

o Relative Confdence:  Low.  Although relevant
data are available for six of the 13 effect
categories, fve of the categories had only one
observation each.  In addition, two of the

fve references (Croudace et al. 1997,
Wϋthrich 1996) were located only in
secondary sources.

o Representation in the Comprehensive
SVLOW Dataset for HHCB (see Attachment
4-2D: Comprehensive SVLOW Point
Estimates)

• Species: bluegill, fathead minnow,
goldfsh, zebrafsh

• Life Stage(s): embryo, larva,
juvenile, adult

• Publication(s): Carlsson and
Norrgren 2004, Chen et al. 2012,
Croudace et al. 1997, Schreurs et
al. 2004, Wϋthrich 1996

• Effect Categories (Number of SV
Point Estimates), and Endpoints
Evaluated in at least one Study

• Behavioral (1):  respiration,
equilibrium, righting refex,
swimming behavior

• Developmental (2):  survival,
growth, balance and swimming
behavior, activity level,
hatchability, egg coagulation,
tail extension, heartbeat and
heart rate, edema, circulation

• Growth (1):  growth parameters
• Mortality (1)
• Physiology/Metabolism (1):

oxidative stress indicators,
antioxidant enzyme activity

• Reproductive (1):  anti-
estrogenicity

o Cumulative Uncertainty Factors applied to
NOAEC (bounded and unbounded) and
Unbounded LOAEC values to obtain
Comprehensive SVLOW point estimates for
HHCB: ranged from 196 to 1175 (see
Attachment 4-2D for breakdown of the
component UF values by SV point estimate)

o Database Adequacy UF applied to
obtain the Mean Comprehensive
SVLOW value from Effect-Specifc
SVLOW values for HHCB: 1
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Effect-Specifc SV Values (ug/L) for HHCB 

• Population-relevant SVHIGH: The HHCB effect-
specifc Population-relevant SVHIGH values range 
from 36.8 ug/L (Behavioral) to 79.4 ug/L (Growth 
and Mortality) (Table 4-1a), although each effect 
category is represented by only one SV point 
estimate.

• Population-relevant SVLOW : Available data 
were suffcient to estimate values four of the fve 
population-relevant effect categories, although 
three of the categories have only one SV point 
estimate each. The effect-specifc population-
relevant SVLOW values range from 0.591 ug/L
(Behavioral) to 1.16 (Growth and Mortality) (Table
4-1b).

SV Point Estimates for HHCB 

• Comprehensive SVHIGH : There were minimally 
suffcient data to estimate values for only six of the 
13 effect categories – one observation per category. 
Effect-specifc comprehensive SVHIGH values range 
from 2.84 ug/L (Physiology/Metabolism) to 74.4 ug/
L (Growth and Mortality) (Table 4-1c).

• Comprehensive SVLOW : There were minimally 
suffcient data to estimate values for only six of the 
13 effect categories, with only one SV point estimate 
in fve of the categories. The effect-specifc 
comprehensive SVLOW values range from 0.00192 
ug/L (Physiology/Metabolism) to 0.465 ug/L 
(Growth and Mortality) (Table 4-1d).

Effect Category 

HHCB 
Range (N) of SV Point Estimate Values (ug/L) 

by Type of SV and Effect Category 
Population-relevant 

SVHIGH 

Population-relevant 
SVLOW 

Comprehensive SVHIGH Comprehensive SVLOW 

Effect Categories used for both Population-relevant and Comprehensive type SVs 
Behavioral 36.8 (1) 0.591 (1) 34.5 (1) 0.237 (1) 
Developmental 56.6 (1) 0.865 – 6.36 (2) 53.0 (1) 0.347 – 2.55 (2) 
Growth 79.4 (1) 1.16 (1) 74.4 (1) 0.465 (1) 
Mortality 79.4 (1) 1.16 (1) 74.4 (1) 0.465 (1) 
Reproductive 3.26 (1) 0.0022 (1) 

Effect Categories used for Comprehensive type SVs, only 
Circulatory/ Blood 
Constituents 
Endocrine 
Genotoxicity 
Gross Pathology 
Histopathology 
Immunological 
Neurological 
Physiology/ 
Metabolism 2.84 (1) 0.00192 (1) 
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4.4.8.3 SV Development: Graphics for HHCB 

Population-relevant SVHIGH Values for HHCB:  Relationships among the Mean Value, Effect-Specifc Values, 
and Point Estimates.  In the Point Estimate histogram, the X-axis values are upper bounds of frequency 
distribution bin intervals 
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Population-relevant SVLOW Values for HHCB:  Relationships among the Mean Value, Effect-Specifc Values, 
and Point Estimates.  In the Point Estimate histogram, the X-axis values are upper bounds of frequency 
distribution bin intervals. 
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Comprehensive SVHIGH Values for HHCB:  Relationships among Mean Value, Effect-Specifc Values, 
and Point Estimates.  In the Point Estimate histogram, the X-axis values are upper bounds of frequency 
distribution bin intervals. 
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Comprehensive SVLOW Values for HHCB:  Relationships among the Mean Value, Effect-Specifc Values, 
and Point Estimates.  In the Point Estimate histogram, the X-axis values are upper bounds of frequency 
distribution bin intervals. 
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4.4.9 Ibuprofen 

4.4.9.1 Chemical Summary 

CEC Category:  Pharmaceutical 
CEC Subcategory:  non-steroidal anti-infammatory 
(NSAID), analgesic 

The following chemical information was obtained 
from the PubChem database (NLM 2016), unless 
otherwise indicated: 

• Usage: “Ibuprofen is a commonly used
nonsteroidal antiinfammatory (NSAID)
drug which is available both by prescription
and over-the-counter.”

• CAS Number: 15687-27-1
• Water Solubility:  21 mg/l @ 25 deg C

4.4.9.2 Screening Value Summary 

Mean SV Values (ug/L) for Ibuprofen 

Mean 

• logKow: 3.97
• 2010-2012 USGS Laboratory Reporting

Level (Choy et al. 2017): 0.64 ug/L
• MDL – EPA Method 1694

(USEPA 2007b):  0.006 ug/L
• MDL – AXYS Method MLA-075 (AXYS

2017): 0.0056 ug/L
• Reporting Limit for 1L sample – AXYS

Method MLA-075 (AXYS 2017):  0.015 ug/L
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Mean Population-relevant SVHIGH for 
Ibuprofen: 0.822 μg/L 

o Relative Confdence:  Moderate. Three of
the fve population-relevant effect categories
are represented, with 2 or more observations
in each category.

o Representation in the Population-relevant
SVHIGH Dataset for Ibuprofen (see
Attachment 4-2A:  Population-relevant
SVHIGH Point Estimates)

• Species: common carp, Japanese
medaka, zebrafsh

• Life Stage(s): embryo, larva,
juvenile, adult

• Publication(s): Flippin et al. 2007,
Han et al. 2010, Islas-Flores et al.
2014, Ji et al. 2013, Morthorst et al. 2013

•	 Effect Categories (Number of SV Point
Estimates), and Endpoints Evaluated in 
at least one Study. Although LOAECs for 
population-relevant endpoints were the 
basis for deriving SVHIGH values, all 
evaluated endpoints are listed here. 
Population-relevance of effect endpoints is 
discussed in Section 2.5 and Figure 
2.2, and listed in Attachment 2-1. 
• Developmental (2): time to hatch,

hatchability, fry survival, total
number eggs, fertility, GSI, HSI,
condition index, histopathology in
gonads, liver, kidneys,
malformation rates

• Mortality (3)
• Reproductive (3):  GSI,

reproductive hormone levels, time
to hatch, hatchability, spawning
frequency, number of spawning
events, egg production per day,
per week, and per spawn, rate of
fertilization, egg diameter, total
egg production

o Cumulative Uncertainty Factors applied to
LOAEC values to obtain Population-
relevant SVHIGH point estimates for
Ibuprofen: ranged from 2.5 to 7.4 (see
Attachment 4-2A for breakdown of
component UF values by SV point estimate)

o Database Adequacy UF applied to obtain the 
Mean Population-relevant SVHIGH value from 
Effect-Specifc SVHIGH values for Ibuprofen: 2

Mean Population-relevant SVLOW for 
Ibuprofen: 0.00417 μg/L 

o Relative Confdence:  High. All fve
population-relevant effect categories are
represented, and four of the categories have
at least 2 observations.

o Representation in the Population-
relevant SVLOW Dataset for Ibuprofen
(see Attachment 4-2B: Population-
relevant SVLOW Point Estimates)

• Species: common carp, fathead
minnow, Japanese medaka, zebrafsh

• Life Stage(s): embryo, larva,
juvenile, adult

• Publication(s): 6 studies published
between 2007 and 2014

• Effect Categories (Number of SV Point
Estimates), and Endpoints Evaluated in
at least one Study. Although NOAECs
and unbounded LOAECs for population-
relevant endpoints were the basis for
deriving SVLOW values, all evaluated
endpoints are listed here. Population-
relevance of effect endpoints is discussed
in Section 2.5 and Figure 2.2, and listed
in Attachment 2-1.

• Behavioral (1):  unspecifed
endpoints

• Developmental (3): time to
hatch, hatchability, hatch
success, fry survival, total
number eggs, fertility, larval
body length and weight, GSI,
HSI, condition index,
histopathology in gonads, liver,
kidneys, malformation rates

• Growth (2): overall body
weights, condition factor

• Mortality (4)
• Reproductive (3):  GSI,

reproductive hormone levels,
time to hatch, hatchability,
spawning frequency, number of 
spawning events, egg production 
per day, per week, and per spawn, 
rate of fertilization, egg diameter, 
total egg production 

o Cumulative Uncertainty Factors applied to
NOAEC (bounded and unbounded) and
Unbounded LOAEC values to obtain
Population-relevant SVLOW point estimates
for Ibuprofen: ranged from 78.6 to 786 (see
Attachment 4-2B for breakdown of the
component UF values by SV point estimate)

o Database Adequacy UF applied to obtain
the Mean Population-relevant SVLOW value
from Effect-Specifc SVLOW values for
Ibuprofen: 1

Mean Comprehensive SVHIGH for 
Ibuprofen: 105 μg/L 

o Relative Confdence:  Moderate. Although
seven of the 13 effect categories have
suffcient data to estimate a value, four of the
categories have only one observation.

o Representation in the Comprehensive
SVHIGH Dataset for Ibuprofen
(see Attachment 4-2C: Comprehensive
SVHIGH Point Estimates)

• Species: common carp, Indian
major carp, Japanese medaka,
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rainbow trout, zebrafsh o Representation in the Comprehensive SVLOW 

• Life Stage(s): embryo, larva,
juvenile, adult

• Publication(s): 8 studies published
between 2007 and 2014

• Effect Categories (Number of SV
Point Estimates), and Endpoints
Evaluated in at least one Study

• Circulatory/Blood Constituents
(1):  hemoglobin, hematocrit,
RBS count, WBC count, mean
cellular volume, mean cellular
hemoglobin, plasma protein,
plasma glucose

• Developmental (2):  time to
hatch, hatchability, fry survival,
total number eggs, fertility,
GSI, HSI, condition index,
histopathology in gonads, liver,
kidneys, malformation rates

• Endocrine/Hormone (1):
plasma cortisol response to
seawater exposure

• Genotoxicity (1):  COMET test,
% apoptotic cells, RAPD-PCR
test

• Mortality (3)
• Physiology/Metabolism (1):

liver glycogen and liver glucose
levels in multiple stressor test

• Reproductive (4): GSI,
reproductive hormone levels,
time to hatch, hatchability,
spawning frequency, number of
spawning events, egg
production per day, per week,
and per spawn, rate of
fertilization, egg diameter, total
egg production

o Cumulative Uncertainty Factors applied to
LOAEC values to obtain Comprehensive
SVHIGH point estimates for Ibuprofen:
ranged from 2.6 to 7.9 (see Attachment 4-2C
for breakdown of component UF values
by SV point estimate)

o Database Adequacy UF applied to
obtain the Mean Comprehensive
SVHIGH value from Effect-Specifc
SVHIGH values for Ibuprofen: 1

Mean Comprehensive SVLOW for 
Ibuprofen: 0.0153 μg/L 

o Relative Confdence: High. Relevant data 
were suffcient to generate 19 comprehensive 
type SVLOW point estimates, which are 
distributed among 10 of the 13 effect 
categories. Although six of the categories 
had only one observation each and none of 
the categories had more than four 
observations, the information was obtained 
from nine separate published sources on six 
different species of fsh.

Dataset for Ibuprofen (see Attachment 4-2D:
Comprehensive SVLOW Point Estimates)

• Species: common carp, fathead
minnow, Indian major carp, Japanese
medaka, rainbow trout, zebrafsh

• Life Stage(s): embryo, larva,
juvenile, adult

• Publication(s): 9 studies published
between 2007 and 2014

• Effect Categories (Number of SV
Point Estimates), and Endpoints
Evaluated in at least one Study

• Behavioral (1):  unspecifed
endpoints

• Circulatory/Blood Constituents
(1): hemoglobin, hematocrit,
RBS count, WBC count, mean
cellular volume, mean cellular
hemoglobin, plasma protein,
plasma glucose

• Developmental (3): time to
hatch, hatchability, hatch
success, fry survival, total
number eggs, fertility, larval
body length and weight, GSI,
HSI, condition index,
histopathology in gonads, liver,
kidneys, malformation rates

• Endocrine/Hormone (1):
plasma cortisol response to
seawater exposure

• Genotoxicity (1): COMET test,
% apoptotic cells, RAPD-PCR
test

• Growth (2)
• Histopathology (1)
• Mortality (4)
• Physiology/Metabolism (1):

liver glycogen and liver glucose
levels in multiple stressor test

• Reproductive (4): GSI,
reproductive hormone levels,
time to hatch, hatchability,
spawning frequency, number of
spawning events, egg
production per day, per week, 
and per spawn, rate of fertilization, 
egg diameter, total egg production 

o Cumulative Uncertainty Factors applied to
NOAEC (bounded and unbounded) and
Unbounded LOAEC values to obtain
Comprehensive SVLOW point estimates for
Ibuprofen: ranged from 196 to 1958 (see
Attachment 4-2D for breakdown of the
component UF values by SV point estimate)

o Database Adequacy UF applied to obtain the
Mean Comprehensive SVLOW value from
Effect-Specifc SVLOW values for Ibuprofen: 1
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Effect-Specifc SV Values (ug/L) for Ibuprofen 

• Population-relevant SVHIGH: The ibuprofen 
effect-specifc population-relevant SVHIGH 

values range from 0.27 ug/L (Developmental) to 
57.8 ug/L (Mortality) (Table 4-1a), although each 
effect category is represented by only one 
observation.

• Population-relevant SVLOW : Available data 
were suffcient to estimate values for all fve 
population-relevant effect categories, with effect-
specific population-relevant SVLOW values 
ranging from 0.0000636 ug/L (Developmental) to 
8.65 (Behavioral) (Table 4-1b).

• Comprehensive SVHIGH : Seven out of 13 
effect categories had suffcient data to 
estimate effect-specific values, although four 
categories had only one observation.  Effect-
specific comprehensive SVHIGH values range 
from 0.0126 ug/L (Genotoxicity) to 5,380 ug/L 
(Circulatory/ Blood Constituents) (Table 4-1c).

• Comprehensive SVLOW : There were 
suffcient data to estimate values for 10 of the 
13 effect categories, but there was only one 
observation in six of the categories.  The effect-
specific comprehensive SVLOW values range from 
0.0000255 ug/L (Developmental) to 14.5 ug/L 
(Circulatory/ Blood Constituents) (Table
4-1d).

Effect Category 

Ibuprofen 
Range (N) of SV Point Estimate Values (ug/L) 

by Type of SV and Effect Category 
Population-relevant 

SVHIGH 

Population-relevant 
SVLOW 

Comprehensive SVHIGH Comprehensive SVLOW 

Effect Categories used for both Population-relevant and Comprehensive type SVs 
Behavioral 8.65 (1) 3.47 (1) 
Developmental 0.0404 – 1.8 (2) 0.0000636 – 8.65 (3) 0.0379 – 1.69 (2) 0.0000255 – 3.47 (3) 
Growth 0.0283 – 2.15 (2) 0.011 – 0.861 (2) 
Mortality 0.404 – 2370 (3) 0.000636 – 20.1 (4) 0.379 – 2222 (3) 0.000255 – 8.09 (4) 
Reproductive 0.0202 – 2.83 (3) 0.000127 – 0.03 (3) 0.0189 – 2.65 (4) 0.0000511 – 0.119 (4) 

Effect Categories used for Comprehensive type SVs, only 
Circulatory/ Blood 
Constituents 

5,379 (1) 14.5 (1) 

Endocrine 189 (1) 0.511 (1) 
Genotoxicity 0.0126 (1) 0.0000565 (1) 
Gross Pathology 
Histopathology 0.255 (1) 
Immunological 
Neurological 
Physiology/ 
Metabolism 189 (1) 0.511 (1) 
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SV Point Estimates for Ibuprofen 



4.4.9.3 SV Development: Graphics for Ibuprofen 

Population-relevant SVHIGH Values for Ibuprofen: Relationships among the Mean Value, Effect-Specifc 
Values, and Point Estimates.  In the Point Estimate histogram, the X-axis values are upper bounds of 
frequency distribution bin intervals. 
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Population-relevant SVLOW Values for Ibuprofen:  Relationships among the Mean Value, Effect-Specifc 
Values, and Point Estimates.  In the Point Estimate histogram, the X-axis values are upper bounds of 
frequency distribution bin intervals.  
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Comprehensive SVHIGH Values for Ibuprofen:  Relationships among the Mean Value, Effect-Specifc Values, 
and Point Estimates.  In the Point Estimate histogram, the X-axis values are upper bounds of frequency 
distribution bin intervals. 
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Geometric Mean = 10.49  ug/L 
UFDATA = 1 



 

Comprehensive SVLOW Values for Ibuprofen:  Relationships among the Mean Value, Effect-Specifc Values, 
and Point Estimates.  In the Point Estimate histogram, the X-axis values are upper bounds of frequency 
distribution bin intervals 
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4.4.10 Lidocaine 

4.4.10.1 Chemical Summary 

CEC Category:  Pharmaceutical 
CEC Subcategory:  Antiarrhythmic 

The following chemical information was obtained 
from the PubChem database (NLM 2016), unless 
otherwise indicated: 

• Usage:  “Lidocaine is a local anesthetic
and cardiac depressant used as an
antiarrhythmia agent.”

• CAS Number:  137-58-6
• Water solubility:  410 mg/L at 30 deg C

4.4.10.2 Screening Value Summary 

Mean SV Values (ug/L) for Lidocaine 

Mean 

• logKow: 2.26 at pH 7.4
• 2010-2012 USGS Lab Reporting Level

(Choy et al. 2017):  0.08 ug/L
• Interim Reporting Level – Techniques and

Methods 5-B10 (USGS 2014):  0.0152 ug/L
• MDL – Techniques and Methods 5-B10

(USGS 2014):  0.00305 ug/L
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Mean Population-relevant SVHIGH for for Lidocaine: 393.1 (see Attachment 4-2B 
Lidocaine: 949 μg/L for breakdown of the component UF 

o Relative Confdence: Very Low.  Only the
Behavioral effect category had suffcient data
to estimate a value, and it was represented
by only one observation.

o Representation in the Population-relevant SVHIGH 

Dataset for Lidocaine (see Attachment 4-2A:
Population-relevant SVHIGH Point Estimates)

• Species: zebrafish
• Life Stage(s): larva
• Publication(s): Ellis and Soanes 2012
• Effect Categories (Number of SV Point

Estimates), and Endpoints Evaluated in
at least one Study. Although LOAECs
for population-relevant endpoints were
the basis for deriving SVHIGH values, all
evaluated endpoints are listed here.
Population-relevance of effect endpoints
is discussed in Section 2.5 and Figure
2.2, and listed in Attachment 2-1.

• Behavioral (1):  larval activity
levels, light-dark behavior test

o Cumulative Uncertainty Factor applied to
the LOAEC to obtain the Population-
relevant SVHIGH point estimate for Lidocaine:
2.475 (see Attachment 4-2A for breakdown of
component UF values by SV point estimate)

o Database Adequacy UF applied to
obtain the Mean Population-relevant
SVHIGH value from Effect-Specifc
SVHIGH values for Lidocaine: 5

Mean Population-relevant SVLOW for 
Lidocaine: 5.98 μg/L 

o Relative Confdence:  Very Low.  Only the
Behavioral effect category had suffcient data
to estimate a value, and it was represented
by only one observation.

o Representation in the Population-relevant
SVLOW Dataset for Lidocaine (see
Attachment 4-2B: Population-relevant
SVLOW Point Estimates)

• Species: zebrafish
• Life Stage(s): larva
• Publication(s): Ellis and Soanes 2012
• Effect Categories (Number of SV Point

Estimates), and Endpoints Evaluated in
at least one Study. Although NOAECs
and unbounded LOAECs for population-
relevant endpoints were the basis for
deriving SVLOW values, all evaluated
endpoints are listed here. Population-
relevance of effect endpoints is discussed
in Section 2.5 and Figure 2.2, and listed
in Attachment 2-1.
• Behavioral (1): larval activity

levels, light-dark behavior test

o Cumulative Uncertainty Factor applied to
the Unbounded LOAEC to obtain a single
Population-relevant SVLOW point estimate

values by SV point estimate) 

o Database Adequacy UF applied to obtain the
Mean Population-relevant SVLOW value from
Effect-Specifc SVLOW values for Lidocaine: 5

Mean Comprehensive SVHIGH for 
Lidocaine: 890 μg/L 

o Relative Confdence:  Very Low.  Only the
Behavioral effect category had suffcient data
to estimate a value, and it was represented
by only one observation.

o Representation in the Comprehensive
SVHIGH Dataset for Lidocaine
(see Attachment 4-2C: Comprehensive
SVHIGH Point Estimates)

• Species: zebrafish
• Life Stage(s): larva
• Publication(s): Ellis and Soanes 2012
• Effect Categories (Number of SV

Point Estimates), and Endpoints
Evaluated in at least one Study
• Behavioral (1):  larval activity

levels, light-dark behavior test

o Cumulative Uncertainty Factor applied to
the only LOAEC to obtain one Comprehensive
SVHIGH point estimate for Lidocaine:  2.64 (see
Attachment 4-2C for breakdown of component
UF values by SV point estimate)

o Database Adequacy UF applied to obtain the
Mean Comprehensive SVHIGH value from
Effect-Specifc SVHIGH values for Lidocaine: 5

Mean Comprehensive SVLOW for 
Lidocaine: 2.4 μg/L 

o Relative Confdence:  Very Low.  Only the
Behavioral effect category had suffcient data
to estimate a value, and it was represented
by only one observation.

o Representation in the Comprehensive
SVLOW Dataset for Lidocaine (see
Attachment 4-2D: Comprehensive SVLOW 

Point Estimates)
• Species: zebrafish
• Life Stage(s): larva
• Publication(s): Ellis and Soanes 2012
• Effect Categories (Number of SV

Point Estimates), and Endpoints
Evaluated in at least one Study
• Behavioral (1):  larval activity

levels, light-dark behavior test
o Cumulative Uncertainty Factor applied to

the single NOAEC to obtain the
Comprehensive SVLOW point estimate for
Lidocaine:  979 (see Attachment 4-2D for
breakdown of the component UF values by
SV point estimate)

o Database Adequacy UF applied to obtain the
Mean Comprehensive SVLOW value from
Effect-Specifc SVLOW values for Lidocaine: 5
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Effect-Specifc SV Values (ug/L) for Lidocaine 

• Population-relevant SVHIGH: The only
lidocaine effect-specifc population-relevant SVHIGH 

value was 4,750 ug/L for Behavioral effects (Table 
4-1a), based on only one observation.

• Population-relevant SVLOW : The only effect-
specifc population-relevant SVLOW value was 12 
ug/L for Behavioral effects (Table 4-1b), based on 
only one observation.  

SV Point Estimates for Lidocaine 

• Comprehensive SVHIGH : The only effect-
specifc comprehensive SVHIGH value was 4,450 
ug/L for Behavioral effects (Table 4-1c), based on 
only one observation.  

• Comprehensive SVLOW : The only effect-
specifc comprehensive SVLOW value was 12 ug/L 
for Behavioral effects (Table 4-1d), based on only 
one observation.     

Effect Category 

Lidocaine 
Range (N) of SV Point Estimate Values (ug/L) 

by Type of SV and Effect Category 
Population-relevant 

SVHIGH 

Population-relevant 
SVLOW 

Comprehensive SVHIGH Comprehensive SVLOW 

Effect Categories used for both Population-relevant and Comprehensive type SVs 
Behavioral 4747 (1) 29.9 (1) 4451 (1) 12 (1) 
Developmental 
Growth 
Mortality 
Reproductive 

Effect Categories used for Comprehensive type SVs, only 
Circulatory/ Blood 
Constituents 
Endocrine 
Genotoxicity 
Gross Pathology 
Histopathology 
Immunological 
Neurological 
Physiology/ 
Metabolism 
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4.4.10.3 SV Development: Graphics for Lidocaine 

Population-relevant SVHIGH Values for Lidocaine:  Relationships among the Mean Value, Effect-Specifc 
Values, and Point Estimates.  In the Point Estimate histogram, the X-axis values are upper bounds of 
frequency distribution bin intervals. 
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Population-relevant SVLOW Values for Lidocaine:  Relationships among the Mean Value, Effect-Specifc 
Values, and Point Estimates.  In the Point Estimate histogram, the X-axis values are upper bounds of 
frequency distribution bin intervals. 

Geometric Mean = 29.9 ug/L 
UFDATA = 5 

Lidocaine 
MEAN Population-relevant SVLOW 

5.98 ug/L 
Confdence: Very Low 
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Comprehensive SVHIGH Values for Lidocaine:  Relationships among the Mean Value, Effect-Specifc Values, 
and Point Estimates.  In the Point Estimate histogram, the X-axis values are upper bounds of frequency 
distribution bin intervals. 
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Comprehensive SVLOW Values for Lidocaine:  Relationships among the Mean Value, Effect-Specifc Values, 
and Point Estimates.  In the Point Estimate histogram, the X-axis values are upper bounds of frequency 
distribution bin intervals. 
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4.4.11 β-Sitosterol 

4.4.11.1 Chemical Summary 

CEC Category:  Hormone 
CEC Subcategories:  Plant hormone, phytosterol 

The following chemical information was obtained 
from the PubChem database (NLM 2016) , unless 
otherwise indicated: 

• Usage:  “Beta-Sitosterol, a main dietary
phytosterol found in plants…. Phytosterols
are plant sterols found in foods such as oils,
nuts and vegetables.”

• CAS Number:  83-46-5
• Water Solubility:  insoluble in pure water
• logKow:  9.65 (Choy et al. 2017)

4.4.11.2 Screening Value Summary 

Mean SV Values (ug/L) for β-Sitosterol 

Mean 

• 2010-2012 USGS Laboratory
Reporting Level (Choy et al. 2017):  4.8 ug/L

• MDL – Techniques and Methods 5-B4
(USGS 2006): 0.11 ug/L

• MDL (estimated) – EPA Method 1698
(USEPA 2007a):  0.0012 ug/L

• MDL – AXYS Method MLA-068 (AXYS
2017): 0.023 ug/L 

• Reporting Limit for 1L sample – AXYS
Method MLA-068 (AXYS 2017): 0.1 ug/L
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Mean Population-relevant SVHIGH for 
β-Sitosterol : 101 μg/L

o Relative Confdence:  Low.  Only two of the
fve population-relevant effect categories are
represented (Behavioral and
Developmental), and only one category has
more than two point estimate observations.

o Representation in the Population-relevant
SVHIGH Dataset for β-Sitosterol
(see Attachment 4-2A:  Population-
relevant SVHIGH Point Estimates)

• Species: Beta fish, flagfish,
Japanese medaka, rainbow trout,
Siamese fghting fsh

• Life Stage(s): embryo, larva,
juvenile, adult

• Publication(s): Brown et al. 2014,
Clotfelter and Rodriquez 2006,
Orrego et al. 2011

• Effect Categories (Number of SV
Point Estimates), and Endpoints
Evaluated in at least one Study.
Although LOAECs for population-
relevant endpoints were the basis for
deriving SVHIGH values, all evaluated
endpoints are listed here. Population-
relevance of effect endpoints is
discussed in Section 2.5 and Figure
2.2, and listed in Attachment 2-1.
• Behavioral (2):  male nest

building success, nest size,
spontaneous swimming,
aggressiveness, female
reproductive behavior

• Developmental (3):  time to
hatch, egg mortality,
hatchability, embryo survival,
prevalence embryo
abnormalities, larval/juvenile
survival and sex ratio

o Cumulative Uncertainty Factors applied to
LOAEC values to obtain Population-
relevant SVHIGH point estimates for
β-Sitosterol: ranged from 2.5 to 5
(see Attachment 4-2A for breakdown of
component UF values by SV point estimate)

o Database Adequacy UF applied to obtain the
Mean Population-relevant
SVHIGH value from Effect-Specifc
SVHIGH values for β-Sitosterol: 2

Mean Population-relevant SVLOW for 
β-Sitosterol: 0.171 μg/L 

o Relative Confdence: High. All fve
population-relevant effect categories are
represented, three of the categories have at
least three observations, and data from six
fsh species were included in this estimate.

o Representation in the Population-relevant
SVLOW Dataset for β-Sitosterol (see Attachment
4-2B: Population-relevant SVLOW 

Point Estimates)
• Species: Beta fish, flagfish, Japanese

medaka, rainbow trout, Siamese fghting
fsh

• Life Stage(s): embryo, larva, juvenile,
adult

• Publication(s): 7 studies published
between 1998 and 2014

• Effect Categories (Number of SV
Point Estimates), and Endpoints
Evaluated in at least one Study.  Although
NOAECs and unbounded LOAECs for
population-relevant endpoints were the
basis for deriving SVLOW values, all
evaluated endpoints are listed here.
Population-relevance of effect endpoints is
discussed in Section 2.5 and Figure 2.2,
and listed in Attachment 2-1.

• Behavioral (2): male nest building
success, nest size, spontaneous
swimming, aggressiveness, female
reproductive behavior

• Developmental (4): time to hatch,
egg mortality, hatchability, percent
hatch, embryo survival, prevalence
embryo abnormalities, larval/
juvenile survival and sex ratio,
larval growth

• Growth (3): weight, length,
condition factor

• Mortality (1)
• Reproductive (5):  sperm

concentration, motility and
velocity, fertilization success,
GSI, oocyte histology, oocyte
maturation, sex ratio,
reproductive hormone levels,
total number of eggs, egg
diameter, number eggs/female/
day, total number of spawns,
tubercle formation in males

o Cumulative Uncertainty Factors applied to
NOAEC (bounded and unbounded) and
Unbounded LOAEC values to obtain
Population-relevant SVLOW point estimates
for β-Sitosterol: ranged from 78.6 to 786
(see Attachment 4-2B for breakdown
of the component UF values by SV
point estimate)

o Database Adequacy UF applied to obtain the
Mean Population-relevant SVLOW value
from Effect-Specifc SVLOW 

values for β-Sitosterol: 1

Mean Comprehensive SVHIGH for 
β-Sitosterol: 18.4 μg/L 

o Relative Confdence:   Low.  Only four of 13
effect categories are represented.
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o Representation in the Comprehensive
SVHIGH Dataset for β-Sitosterol
(see Attachment 4-2C: Comprehensive
SVHIGH Point Estimates)

• Species: Beta fish, flagfish, goldfish,
Japanese medaka, rainbow trout,
Siamese fghting fsh

• Life Stage(s): embryo, larva,
juvenile, adult

• Publication(s): 6 studies published
between 1997 and 2014

• Effect Categories (Number of SV
Point Estimates), and Endpoints
Evaluated in at least one Study

• Behavioral (2):  male nest
building success, nest size,
spontaneous swimming,
aggressiveness, female
reproductive behavior

• Circulatory/Blood Constituents
(2):  plasma total cholesterol

• Developmental (3):  time to
hatch, egg mortality,
hatchability, embryo survival,
prevalence embryo
abnormalities, larval/juvenile
survival and sex ratio

• Reproductive (4): reproductive
hormone levels, GSI, sex ratio

o Cumulative Uncertainty Factors applied to
LOAEC values to obtain Comprehensive
SVHIGH point estimates for β-Sitosterol:
ranged from 2.6 to 5.3 (see Attachment 4-2C
for breakdown of component UF
values by SV point estimate)

o Database Adequacy UF applied
to obtain the Mean Comprehensive
SVHIGH value from Effect-Specifc
SVHIGH values for β-Sitosterol: 3

Mean Comprehensive SVLOW for 
β-Sitosterol: 0.0604 μg/L 

o Relative Confdence: Moderate. Six of 13
effect categories are represented, but two of
the categories have two or fewer
observations.

o Representation in the Comprehensive
SVLOW Dataset for β-Sitosterol
(see Attachment 4-2D: Comprehensive
SVLOW Point Estimates)

• Species: Beta fish, fathead minnow,
fagfsh, goldfsh, Japanese medaka,
rainbow trout, Siamese fghting fsh

• Life Stage(s): embryo, larva,
juvenile, adult

• Publication(s): 8 studies published
between 1997 and 2014

• Effect Categories (Number of SV
Point Estimates), and Endpoints
Evaluated in at least one Study

• Behavioral (5):  male nest
building success, nest size,
spontaneous swimming,
aggressiveness, female
reproductive behavior, timing
of swim-up

• Circulatory/Blood Constituents
(2): plasma total cholesterol

• Developmental (4): time to
hatch, egg mortality,
hatchability, percent hatch,
embryo survival, prevalence
embryo abnormalities, larval/
juvenile survival and sex ratio,
larval growth

• Growth (3): weight, length,
condition factor

• Mortality (1)
• Reproductive (8):  sperm

concentration, motility and
velocity, fertilization success,
GSI, oocyte histology, oocyte
maturation, sex ratio,
reproductive hormone levels,
total number of eggs, egg
diameter, number eggs/female/
day, total number of spawns,
tubercle formation in males

o Cumulative Uncertainty Factors applied to
NOAEC (bounded and unbounded) and
Unbounded LOAEC values to obtain
Comprehensive SVLOW point estimates for
β-Sitosterol: ranged from 196 to 1958
(see Attachment 4-2D for breakdown of the
component UF values by SV point estimate)

o Database Adequacy UF applied to
obtain the Mean Comprehensive
SVLOW value from Effect-Specifc
SVLOW values for β-Sitosterol: 1
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Effect-Specifc SV Values (ug/L) for β-Sitosterol 

• Population-relevant SVHIGH: The β-sitosterol 
effect-specifc population-relevant SVHIGH values 
range from 2.02 ug/L (Behavioral) to 2,020 ug/L
(Developmental) (Table 4-1a).

• Population-relevant SVLOW: Available data were 
suffcient to estimate values for all fve population-
relevant effect categories, with effect-specifc 
population-relevant SVLOW values ranging from 
0.00318 ug/L (Behavioral and Reproductive) to 9.48 
(Developmental) (Table 4-1b).

SV Point Estimates for β-Sitosterol 

• Comprehensive SVHIGH : Four out of 13
effect categories had suffcient data to estimate
effect-specifc values, which range from 14.2 ug/L
(Circulatory/ Blood Constituents) to 1,890 ug/L
(Developmental) (Table 4-1c).

• Comprehensive SVLOW : There were suffcient
data to estimate values for six of the 13 effect
categories, with values ranging from 0.00128 ug/L
(Behavioral) to 3.8 ug/L (Developmental) (Table
4-1d).

Effect Category 

β-Sitosterol 
Range (N) of SV Point Estimate Values (ug/L) 

by Type of SV and Effect Category 
Population-relevant 

SVHIGH 

Population-relevant 
SVLOW 

Comprehensive SVHIGH Comprehensive SVLOW 

Effect Categories used for both Population-relevant and Comprehensive type SVs 
Behavioral 2.02 – 202 (2) 0.00318 – 0.0127 (2) 1.9 – 189 (2) 0.00128 – 12.8 (5) 
Developmental 2020 (3) 9.48– 12.7 (4) 1894 (3) 3.8 – 5.1 (4) 
Growth 0.477 – 9.48 (3) 0.192 – 3.8 (3) 
Mortality 3.18 (1) 1.28 (1) 
Reproductive 0.00318 – 9.48 (5) 4.73 – 56.8 (4) 0.00128 – 3.8 (8) 

Effect Categories used for Comprehensive type SVs, only 
Circulatory/ Blood 
Constituents 

14.2 (2) 0.0319 – 0.0383 (2) 

Endocrine 
Genotoxicity 
Gross Pathology 
Histopathology 
Immunological 
Neurological 
Physiology/ 
Metabolism 
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4.4.11.3 SV Development: Graphics for β-Sitosterol

Population-relevant SVHIGH Values for β-Sitosterol: Relationships among the Mean Value, Effect-Specifc 
Values, and Point Estimates.  In the Point Estimate histogram, the X-axis values are upper bounds of 
frequency distribution bin intervals. 
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Population-relevant SVLOW Values for β-Sitosterol: Relationships among the Mean Value, Effect-Specifc 
Values, and Point Estimates.  In the Point Estimate histogram, the X-axis values are upper bounds of 
frequency distribution bin intervals. 
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Comprehensive SVHIGH Values for β-Sitosterol: Relationships among the Mean Value, Effect-Specifc 
Values, and Point Estimates.  In the Point Estimate histogram, the X-axis values are upper bounds of 
frequency distribution bin intervals. 
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Comprehensive SVLOW Values for β-Sitosterol: Relationships among the Mean Value, Effect-Specifc Values, 
and Point Estimates.  In the Point Estimate histogram, the X-axis values are upper bounds of frequency 
distribution bin intervals. 
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4.4.12 Tris(2-butoxyethyl) phosphate (TBEP) 

4.4.12.1 Chemical Summary 

CEC Category:  Flame retardant 

The following chemical information was obtained 
from the PubChem database (NLM 2016), unless 
otherwise indicated: 

• Usage:  “Phosphate ester fame retardants
are human-made chemicals added to
consumer and industrial products for the
purpose of reducing fammability.”

4.4.12.2 Screening Value Summary 

Mean SV Values (ug/L) for TBEP 

Mean 

• CAS Number: 78-51-3
• Water Solubility: 1,100 mg/L at 25 deg C
• logKow:  3.75
• 2010-2012 USGS Laboratory Reporting

Level (Choy et al. 2017): 0.64 ug/L
• Reporting Level - Techniques and Methods

5-B4 (USGS 2006): 0.5 ug/L
• MDL – Techniques and Methods 5-B4

(USGS 2006): 0.05 ug/L
• Reporting Limit for 0.5L sample – AXYS

Method MLA-098 (AXYS 2017):  0.0001 ug/L
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Mean Population-relevant SVHIGH for endpoints were the basis for deriving 
TBEP:  511 μg/L SVLOW values, all evaluated endpoints are 

o Relative Confdence:  Very Low.  Only three
of the fve population-relevant effect
categories are represented, with two of the
categories having only 1 SV point
estimate each.

o Representation in the Population-
relevant SVHIGH Dataset for TBEP
(see Attachment 4-2A:  Population-
relevant SVHIGH Point Estimates)

• Species: fathead minnow, zebrafish
• Life Stage(s): embryo
• Publication(s): Han et al. 2014,

Springborn Bionomics, Inc. 1984
• Effect Categories (Number of SV

Point Estimates), and Endpoints
Evaluated in at least one Study.
Although LOAECs for population-
relevant endpoints were the basis for
deriving SVHIGH values, all evaluated
endpoints are listed here. Population-
relevance of effect endpoints is
discussed in Section 2.5 and Figure
2.2, and listed in Attachment 2-1.

• Behavioral (1): equilibrium
• Developmental (2):  embryo

heart rate, body weight,
survival, and hatch rate

• Mortality (1)

o Cumulative Uncertainty Factors applied to
LOAEC values to obtain Population-
relevant SVHIGH point estimates for TBEP:
ranged from 2.5 to 7.4 (see Attachment 4-2A
for breakdown of component UF values
by SV point estimate)

o Database Adequacy UF applied to
obtain the Mean Population-relevant
SVHIGH value from Effect-Specifc
SVHIGH values for TBEP:  2

Mean Population-relevant SVLOW for 
TBEP:  1.67 μg/L 

o Relative Confdence.  Very Low.  Only three
of the fve population-relevant effect
categories are represented, with two of the
categories having only 1 SV point
estimate each.

o Representation in the Population-
relevant SVLOW Dataset for TBEP
(see Attachment 4-2B: Population-
relevant SVLOW Point Estimates)

• Species: fathead minnow, zebrafish
• Life Stage(s): embryo
• Publication(s): Han et al. 2014,

Springborn Bionomics, Inc. 1984
• Effect Categories (Number of SV
Point Estimates), and Endpoints
Evaluated in at least one Study.
Although NOAECs and unbounded
LOAECs for population-relevant

listed here. Population-relevance of effect 
endpoints is discussed in Section 2.5 and 
Figure 2.2, and listed in Attachment 2-1. 

• Behavioral (1):  equilibrium
• Developmental (2):  embryo

heart rate, body weight,
survival, and hatch rate

• Mortality (1)

o Cumulative Uncertainty Factors applied to
NOAEC (bounded and unbounded) and
Unbounded LOAEC values to obtain
Population-relevant SVLOW point estimates
for TBEP: ranged from 157 to 1179 (see
Attachment 4-2B for breakdown of the
component UF values by SV point estimate)

o Database Adequacy UF applied to
obtain the Mean Population-relevant
SVLOW value from Effect-Specifc
SVLOW values for TBEP:  2

Mean Comprehensive SVHIGH for 
TBEP:  267 μg/L 

o Relative Confdence:   Very Low.  Only three
of the 13 effect categories are represented,
with two of the categories having only 1 SV
point estimate each.

o Representation in the Comprehensive
SVHIGH Dataset for TBEP
(see Attachment 4-2C: Comprehensive
SVHIGH Point Estimates)

• Species: fathead minnow, zebrafish
• Life Stage(s): embryo
• Publication(s): Han et al. 2014,

Springborn Bionomics, Inc. 1984
• Effect Categories (Number of SV

Point Estimates), and Endpoints
Evaluated in at least one Study

• Behavioral (1):  equilibrium
• Developmental (2):  embryo

heart rate, body weight,
survival, and hatch rate,
apoptosis in tail

• Mortality (1)

o Cumulative Uncertainty Factors applied to 
LOAEC values to obtain Comprehensive 
SVHIGH point estimates for TBEP: ranged 
from 2.6 to 7.9 (see Attachment 4-2C for 
breakdown of component UF values
by SV point estimate)

o Database Adequacy UF applied to
obtain the Mean Comprehensive
SVHIGH value from effect-specific
SVHIGH values for TBEP: 3

Mean Comprehensive SVLOW for 
TBEP:  0.448 μg/L 

o Relative Confdence:  Very Low.  Only three
of the 13 effect categories are represented,
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with two of the categories having only 1 SV 
point estimate each. 

o Representation in the Comprehensive
SVLOW Dataset for TBEP
(see Attachment 4-2D: Comprehensive
SVLOW Point Estimates)

• Species: fathead minnow, zebrafish
• Life Stage(s): embryo
• Publication(s): Han et al. 2014,

Springborn Bionomics, Inc. 1984
• Effect Categories (Number of SV

Point Estimates), and Endpoints
Evaluated in at least one Study

• Behavioral (1): equilibrium
• Developmental (2):  embryo

heart rate, body weight,
survival, and hatch rate,
apoptosis in tail

• Mortality (1)

o Cumulative Uncertainty Factors
applied to NOAEC (bounded and
unbounded) and unbounded LOAEC values

to obtain Comprehensive SVLOW point 
estimates for TBEP:  ranged from 392 to 
2937(see Attachment 4-2D for breakdown 
of the component UF values by SV 
point estimate) 

o Database Adequacy UF applied to
obtain the Mean Comprehensive
SVLOW value from Effect-Specifc

SVLOW values for TBEP:  3 
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Effect-Specifc SV Values (ug/L) for TBEP 

• Population-relevant SVHIGH:  The TBEP effect-
specifc Population-relevant SVHIGH values in three 
effect categories range from 377 ug/L (Mortality) to 
1,750 ug/L (Behavioral) (Table 4-1a).

• Population-relevant SVLOW : Available data were 
suffcient to estimate values for three of the fve 
population-relevant effect categories, with effect-
specifc population-relevant SVLOW values ranging 
from 0.954 ug/L (Developmental) to 16.5
(Behavioral) (Table 4-1b).

SV Point Estimates for TBEP 

Effect Category 

TBEP 
Range (N) of SV Point Estimate Values (ug/L) 

by Type of SV and Effect Category 
Population-relevant 

SVHIGH 

Population-relevant 
SVLOW 

Comprehensive SVHIGH Comprehensive SVLOW 

Effect Categories used for both Population-relevant and Comprehensive type SVs 
Behavioral 1751 (1) 16.5 (1) 1641 (1) 6.64 (1) 
Developmental 323 – 8081 (2) 0.954 – 25.4 (2) 303 – 7575 (2) 0.383 – 10.2 (2) 
Growth 
Mortality 377 (1) 2.37 (1) 354 (1) 0.953 (1) 
Reproductive 

Effect Categories used for Comprehensive type SVs, only 
Circulatory/ Blood 
Constituents 
Endocrine 
Genotoxicity 
Gross Pathology 
Histopathology 
Immunological 
Neurological 
Physiology/ 
Metabolism 
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• Comprehensive SVHIGH : Three out of 13 effect
categories had suffcient data to estimate effect-specifc
values, which range from 34.5 ug/L (Mortality) to 1,640 ug/
L (Behavioral) (Table 4-1c).

• Comprehensive SVLOW : There were suffcient data to
estimate values for three of the 13 effect categories, with
values ranging from 0.383 ug/L (Developmental) to 6.64 ug/
L (Behavioral) (Table 4-1d).



 

4.4.12.3 SV Development: Graphics for TBEP 

Population-relevant SVHIGH Values for TBEP:  Relationships among the Mean Value, Effect-Specifc Values, 
and Point Estimates.  In the Point Estimate histogram, the X-axis values are upper bounds of frequency 
distribution bin intervals. 
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Population-relevant SVLOW Values for TBEP:  Relationships among the Mean Value, Effect-Specifc Values, 
and Point Estimates.  In the Point Estimate histogram, the X-axis values are upper bounds of frequency 
distribution bin intervals. 
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Comprehensive SVHIGH Values for TBEP:  Relationships among the Mean Value, Effect-Specifc Values, 
and Point Estimates.  In the Point Estimate histogram, the X-axis values are upper bounds of frequency 
distribution bin intervals. 
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Comprehensive SVLOW Values for TBEP:  Relationships among the Mean Value, Effect-Specifc Values, 
and Point Estimates.  In the Point Estimate histogram, the X-axis values are upper bounds of frequency 
distribution bin intervals. 
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4.4.13 Triclosan 

4.4.13.1 Chemical Summary 

CEC Category:  Personal Care Product 
CEC Subcategories: Antimicrobial 

The following chemical information was obtained 
from the PubChem database (NLM 2016) , unless 
otherwise indicated: 

• Usage:  “Triclosan is a polychlorophenoxy
phenol with antibacterial and antifungal
activity. Triclosan is added to toothpastes
to prevent gingivitis and has been added to
many household products for its topical
antibiotic activity.”

• CAS Number: 3380-34-5
• Water Solubility:  10 mg/L at 20 deg C

4.4.13.2 Screening Value Summary 

Mean SV Values (ug/L) for Triclosan 

Mean 

• logKow: 4.76
• 2010-2012 USGS Laboratory Reporting

Level (Choy et al. 2017):  0.32 ug/L
• Reporting Level - Techniques and Methods

5-B4 (USGS 2006): 1 ug/L
• MDL – Techniques and Methods 5-B4

(USGS 2006): 0.09 ug/L
• MDL – EPA Method 1694 (USEPA 2007b):

0.092 ug/L
• MDL – AXYS Method MLA-083 (AXYS

2017): 0.0049 ug/L
• Reporting Limit for 1L sample – AXYS

Method MLA-083 (AXYS 2017):  0.005 ug/L
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Mean Population-relevant SVHIGH 

for Triclosan:  40.8 μg/L 
o Relative Confdence: Moderate. Although

four of fve population-relevant effect
categories are represented, two of the
categories have only 1 observation each.

o Representation in the Population-relevant
SVHIGH Dataset for Triclosan (see
Attachment 4-2A:  Population-
relevant SVHIGH Point Estimates)

• Species: fathead minnow,
Japanese medaka, mosquitofsh,
rainbow trout, zebrafsh

• Life Stage(s): embryo, larva,
juvenile, adult

• Publication(s): 7 studies published
between 2000 and 2013

• Effect Categories (Number of SV
Point Estimates), and Endpoints
Evaluated in at least one Study.
Although LOAECs for population-
relevant endpoints were the basis for
deriving SVHIGH values, all evaluated
endpoints are listed here.  Population-
relevance of effect endpoints is
discussed in Section 2.5 and Figure
2.2, and listed in Attachment 2-1.
• Behavioral (4):  swimming

speed, spontaneous swimming
activity, feeding activity,
swim-up, equilibrium, lock-jaw,
erratic swimming, quiescence,
opercular movement

• Developmental (4):  survival,
spinal curvature, larval length
and weight, percent hatch, time
to hatch

• Mortality (1)
• Reproductive (1):  sperm count, GSI 

o Cumulative Uncertainty Factors applied to
LOAEC values to obtain Population-
relevant SVHIGH point estimates for
Triclosan: ranged from 2.5 to 7.4 (see
Attachment 4-2A for breakdown of
component UF values by SV point estimate)

o Database Adequacy UF applied to obtain the 
Mean Population-relevant SVHIGH value from 
Effect-Specifc SVHIGH values for Triclosan: 1

Mean Population-relevant SVLOW for 
Triclosan:  0.00286 μg/L 

o Relative Confdence.  High. All fve of the
population-relevant effect categories are
represented, with between 2 and 6
observations in each category.  The dataset
includes effects information on fve fsh
species and four life stages, compiled from
eight separate publications.

o Representation in the Population-
relevant SVLOW Dataset for Triclosan
(see Attachment 4-2B: Population-
relevant SVLOW Point Estimates)

• Species: fathead minnow,
Japanese medaka, mosquitofsh,
rainbow trout, zebrafsh

• Life Stage(s): embryo, larva,
juvenile, adult

• Publication(s): 8 studies published
between 2000 and 2013

• Effect Categories (Number of SV
Point Estimates), and Endpoints
Evaluated in at least one Study.
Although NOAECs and unbounded
LOAECs for population-relevant
endpoints were the basis for deriving
SVLOW values, all evaluated endpoints
are listed here.  Population-relevance
of effect endpoints is discussed in
Section 2.5 and Figure 2.2, and listed
in Attachment 2-1.
• Behavioral (6):  swimming

speed, spontaneous swimming
activity, feeding activity, swim-
up, equilibrium, lock-jaw, erratic
swimming, quiescence, opercular
movement, nest defense,
aggression index, larval escape
performance metrics

• Developmental (5):  embryo
and larval survival, spinal
malformations, pericardial
edema, larval length and
weight, percent hatch, time to
hatch, hatchability, secondary
sex characteristics, otolith
formation and pigmentation

• Growth (3):  body length and
weight, condition factor

• Mortality (2)
• Reproductive (3):  sperm

count, GSI, gonad
histopathology, secondary sex
characteristics, fecundity,
fertility, hatchability

o Cumulative Uncertainty Factors applied to
NOAEC (bounded and unbounded) and
Unbounded LOAEC values to obtain
Population-relevant SVLOW point estimates
for Triclosan: ranged from 78.6 to 786 (see
Attachment 4-2B for breakdown of the
component UF values by SV pointestimate)

o Database Adequacy UF applied to
obtain the Mean Population-relevant
SVLOW value from Effect-Specifc
SVLOW values for Triclosan: 1
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Mean Comprehensive SVHIGH for o Representation in the Comprehensive
Triclosan:  12.8 μg/L 

o Relative Confdence:   Low.  Only four of the
13 effect categories are represented, with
two of the categories having only 1
observation each.

o Representation in the Comprehensive
SVHIGH Dataset for Triclosan
(see Attachment 4-2C: Comprehensive
SVHIGH Point Estimates)

• Species: fathead minnow,
Japanese medaka, mosquitofsh,
rainbow trout, zebrafsh

• Life Stage(s): embryo, larva,
juvenile, adult

• Publication(s): 7 studies published
between 2000 and 2013

• Effect Categories (Number of SV
Point Estimates), and Endpoints
Evaluated in at least one Study

• Behavioral (4): swimming
speed, spontaneous swimming
activity, feeding activity,
swim-up, equilibrium, lock-jaw,
erratic swimming, quiescence,
opercular movement

• Developmental (4):  embryo
and larval survival, spinal
malformations, pericardial
edema, larval length and
weight, percent hatch, time to
hatch, hatchability, secondary
sex characteristics, otolith
formation and pigmentation

• Mortality (1)
• Reproductive (1):  sperm count,

GSI

o Cumulative Uncertainty Factors applied to
LOAEC values to obtain Comprehensive
SVHIGH point estimates for Triclosan:
ranged from 2.6 to 7.9 (see Attachment 4-2C
for breakdown of component UF values
by SV point estimate)

o Database Adequacy UF applied to obtain the
Mean Comprehensive

SVHIGH value from Effect-Specifc
SVHIGH values for Triclosan: 3

Mean Comprehensive SVLOW for 
Triclosan: 0.00254 μg/L 

o Relative Confdence: Moderate. Although
seven of the 13 effect categories are
represented, three of those categories are
represented by 2 or fewer observations.

SVLOW Dataset for Triclosan (see
Attachment 4-2D: Comprehensive SVLOW 

Point Estimates)

• Species: fathead minnow,
Japanese medaka, mosquitofsh,
rainbow trout, zebrafsh

• Life Stage(s): embryo, larva,
juvenile, adult

• Publication(s): 8 studies published
between 2000 and 2013

• Effect Categories (Number of SV
Point Estimates), and Endpoints
Evaluated in at least one Study

• Behavioral (6):  swimming
speed, spontaneous swimming
activity, feeding activity,
swim-up, equilibrium, lock-jaw,
erratic swimming, quiescence,
opercular movement, nest
defense, aggression index,
larval escape performance metrics

• Developmental (5):  embryo
and larval survival, spinal
malformations, pericardial
edema, larval length and
weight, percent hatch, time to
hatch, hatchability, secondary
sex characteristics, otolith
formation and pigmentation

• Genotoxicity (1):  micronucleus
test

• Growth (3): body length and
weight, condition factor

• Histopathology (1):  liver
• Mortality (2)
• Reproductive (3):  sperm

count, GSI, gonad
histopathology, secondary sex
characteristics, fecundity,
fertility, hatchability

o Cumulative Uncertainty Factors applied to
NOAEC (bounded and unbounded) and
Unbounded LOAEC values to obtain
Comprehensive SVLOW point estimates for
Triclosan: ranged from 196 to 1958 (see
Attachment 4-2D for breakdown of the
component UF values by SV point estimate)

o Database Adequacy UF applied to obtain the
Mean Comprehensive SVLOW value from
Effect-Specifc SVLOW values for Triclosan: 1
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Effect-Specifc SV Values (ug/L) for Triclosan 

• Population-relevant SVHIGH: The triclosan 
effect-specifc population-relevant SVHIGH values 
in four effect categories range from 22.8 ug/L
(Behavioral) to 73.8 ug/L (Developmental) (Table
4-1a).

• Population-relevant SVLOW : Available data were 
suffcient to estimate values for all fve population-
relevant effect categories, with all fve effect-specifc 
population-relevant SVLOW values identifed as 
0.00286 ug/L  (Table 4-1b).

SV Point Estimates for Triclosan 

• Comprehensive SVHIGH : Four out of 13
effect categories had suffcient data to estimate
effect-specifc values, which range from 21.4 ug/L
(Behavioral) to 69.2 ug/L (Developmental) (Table
4-1c).

• Comprehensive SVLOW : There were suffcient
data to estimate values for seven of the 13 effect
categories. However, six of the categories share the
same SVLOW value, 0.00115 ug/L, which is derived
from effects data reported in a single study (Schultz
et al. 2012). Values range from 0.00115 ug/L (6
categories) to 0.298 ug/L (Genotoxicity) (Table 4-1d).

Effect Category 

Triclosan 
Range (N) of SV Point Estimate Values (ug/L) 

by Type of SV and Effect Category 
Population-relevant 

SVHIGH 

Population-relevant 
SVLOW 

Comprehensive SVHIGH Comprehensive SVLOW 

Effect Categories used for both Population-relevant and Comprehensive type SVs 
Behavioral 4.04 – 67.3 (4) 0.00286 – 0.848 (6) 3.79 – 63.1 (4) 0.00115 – 0.34 (6) 
Developmental 28.8 – 202 (4) 0.00286 – 1.91 (5) 27.0 – 189 (4) 0.00115 – 0.77 (5) 
Growth 0.00286 – 0.871 (3) 0.00115 – 0.35 (3) 
Mortality 40.4 (1) 0.00286 – 0.424 (2) 37.9 (1) 0.00115 – 0.17 (2) 
Reproductive 40.8 (1) 0.00286 – 0.871 (3) 38.3 (1) 0.00115 – 0.35 (3) 

Effect Categories used for Comprehensive type SVs, only 
Circulatory/ Blood 
Constituents 
Endocrine 
Genotoxicity 0.3 (1) 
Gross Pathology 
Histopathology 0.00115 (1) 
Immunological 
Neurological 
Physiology/ 
Metabolism 
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4.4.13.3 SV Development: Graphics for Triclosan 

Population-relevant SVHIGH Values for Triclosan:  Relationships among the Mean Value, Effect-Specifc 
Values, and Point Estimates.  In the Point Estimate histogram, the X-axis values are upper bounds of 
frequency distribution bin intervals. 
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Population-relevant SVLOW Values for Triclosan:  Relationships among the Mean Value, Effect-Specifc 
Values, and Point Estimates.  In the Point Estimate histogram, the X-axis values are upper bounds of 
frequency distribution bin intervals. 
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Comprehensive SVHIGH Values for Triclosan:  Relationships among the Mean Value, Effect-Specifc Values, 
and Point Estimates.  In the Point Estimate histogram, the X-axis values are upper bounds of frequency 
distribution bin intervals. 
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Comprehensive SVLOW Values for Triclosan:  Relationships among the Mean Value, Effect-Specifc Values, 
and Point Estimates.  In the Point Estimate histogram, the X-axis values are upper bounds of frequency 
distribution bin intervals. 
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4.4.14 Venlafaxine 

4.4.14.1 Chemical Summary 

CEC Category:  Pharmaceutical 
CEC Subcategories:  Antidepressant 

The following chemical information was obtained 
from the PubChem database (NLM 2016) , unless 
otherwise indicated: 

• Usage:  “Venlafaxine is a serotonin and
norepinephrine reuptake inhibitor widely
used as an antidepressant.”

• CAS Number:  93413-69-5
• Water Solubility: 267 mg/L (as the

hydrochloride salt)

4.4.14.2 Screening Value Summary 

Mean SV Values (ug/L) for Venlafaxine 

Mean 

• logKow: 3.20
• 2010-2012 USGS Laboratory Reporting

Level (Choy et al. 2017):  0.04 ug/L
• Interim Reporting Level - Techniques and

Methods 5-B10 (USGS 2014):  0.0045 ug/L
• MDL – Techniques and Methods 5-B10

(USGS 2014):  0.0009 ug/L
• MDL – AXYS Method MLA-075 (AXYS

2017): 0.003 ug/L
• Reporting Limit for 1L sample – AXYS

Method MLA-075 (AXYS 2017):  0.0004 ug/L
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Mean Population-relevant SVHIGH for 
Venlafaxine:  0.285 μg/L 

o Relative Confdence:  Very Low.  Three of
fve population-relevant effect categories are
represented, but two of the categories have
only 1 observation each.

o Representation in the Population-relevant
SVHIGH Dataset for Venlafaxine (see
Attachment 4-2A:  Population-relevant
SVHIGH Point Estimates)

• Species: fathead minnow, zebrafish
• Life Stage(s): embryo, larva,

juvenile, adult
• Publication(s): Galus et al. 2013a,

Painter et al. 2009, Schultz et al.
2011, Thomas et al. 2012

• Effect Categories (Number of SV
Point Estimates), and Endpoints
Evaluated in at least one Study.
Although LOAECs for population-
relevant endpoints were the basis for
deriving SVHIGH values, all evaluated
endpoints are listed here.  Population-
relevance of effect endpoints is
discussed in Section 2.5 and Figure
2.2, and listed in Attachment 2-1.

• Behavioral (3):  larval total
escape response, startle response

• Mortality (1)
• Reproductive (1):  embryo

production, spermatogenesis,
testis morphology, testis
apoptosis, gonad histopathology,
reproductive hormone levels

o Cumulative Uncertainty Factors applied to
LOAEC values to obtain Population-
relevant SVHIGH point estimates for
Venlafaxine: ranged from 2.5 to 5 (see
Attachment 4-2A for breakdown of
component UF values by SV point estimate)

o Database Adequacy UF applied to
obtain the Mean Population-relevant
SVHIGH value from Effect-Specifc
SVHIGH values for Venlafaxine:  2

Mean Population-relevant SVLOW for 
Venlafaxine:  0.0026 μg/L 

o Relative Confdence. Moderate. Although all
fve of the population-relevant effect
categories are represented, two of the
categories have only 1 observation each.

o Representation in the Population-
relevant SVLOW Dataset for Venlafaxine (see
Attachment 4-2B: Population-relevant
SVLOW Point Estimates)

• Species: fathead minnow, zebrafish
• Life Stage(s): embryo, larva,

juvenile, adult
• Publication(s): Galus et al. 2013,

Painter et al. 2009, Schultz et al. 
2011, Thomas et al. 2012 

• Effect Categories (Number of
SV Point Estimates), and Endpoints
Evaluated in at least one Study.
Although NOAECs and unbounded
LOAECs for population-relevant
endpoints were the basis for deriving
SVLOW values, all evaluated endpoints
are listed here.  Population-relevance
of effect endpoints is discussed in
Section 2.5 and Figure 2.2, and listed
in Attachment 2-1.

• Behavioral (3):  larval total
escape response, startle
response, response latency

• Developmental (3):  body
length, embryo survival, total
abnormalities

• Growth (1): condition factor
• Mortality (1)
• Reproductive (2):  embryo

production, spermatogenesis,
testis morphology, testis
apoptosis, gonad histopathology,
reproductive hormone levels,
male secondary sex
characteristic scores, GSI

o Cumulative Uncertainty Factors applied to
NOAEC (bounded and unbounded) and
Unbounded LOAEC values to obtain
Population-relevant SVLOW point estimates
for Venlafaxine:  ranged from 78.6 to 786
(see Attachment 4-2B for breakdown
of the component UF values by SV
point estimate)

o Database Adequacy UF applied to
obtain the Mean Population-relevant
SVLOW value from Effect-Specifc
SVLOW values for Venlafaxine:  1

Mean Comprehensive SVHIGH for 
Venlafaxine:  0.155 μg/L 

o Relative Confdence:   Low.  Six of 13 effect
categories are represented, but three of
those have only 1 observation each.

o Representation in the Comprehensive
SVHIGH Dataset for Venlafaxine
(see Attachment 4-2C: Comprehensive
SVHIGH Point Estimates)

• Species: fathead minnow, rainbow
trout, zebrafsh

• Life Stage(s): embryo, larva,
juvenile, adult

• Publication(s): Best et al. 2014, Galus
et al. 2013a, Painter et al. 2009, Schultz
et al. 2011, Thomas et al. 2012

• Effect Categories (Number of SV
Point Estimates), and Endpoints
Evaluated in at least one Study

• Behavioral (3):  larval total
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escape response, startle 
response, response latency 

• Developmental (1)
• Endocrine/Hormone (1):

plasma cortisol in multiple
stress test

• Histopathology (1):  kidney,
liver

• Mortality (1)
• Reproductive (2):  embryo

production, spermatogenesis,
testis morphology, testis
apoptosis, gonad histopathology,
reproductive hormone levels,
male secondary sex
characteristic scores, GSI

o Cumulative Uncertainty Factors applied to
LOAEC values to obtain Comprehensive
SVHIGH point estimates for Venlafaxine:
ranged from 2.6 to 7.9 (see Attachment 4-2C
for breakdown of component UF
values by SV point estimate)

o Database Adequacy UF applied to
obtain the Mean Comprehensive
SVHIGH value from Effect-Specifc
SVHIGH values for Venlafaxine:  1

Mean Comprehensive SVLOW for 
Venlafaxine:  0.000638 μg/L 

o Relative Confdence:  Low.  Seven of 13
effect categories are represented, but fve of
those have only 2 or fewer observations.

o Representation in the Comprehensive
SVLOW Dataset for Venlafaxine (see
Attachment 4-2D: Comprehensive SVLOW 

Point Estimates)

• Species: fathead minnow, rainbow
trout, zebrafsh

• Life Stage(s): embryo, larva,
juvenile, adult

• Publication(s): Best et al. 2014, Galus
et al. 2013, Painter et al. 2009, Schultz
et al. 2011, Thomas et al. 2012

• Effect Categories (Number of SV
Point Estimates), and Endpoints
Evaluated in at least one Study

• Behavioral (3):  larval total
escape response, startle
response, response latency

• Developmental (3)
• Endocrine/Hormone (1): plasma

cortisol in multiple stress test
• Growth (1):  condition factor
• Histopathology (2):  kidney,

liver, brain
• Mortality (1)
• Reproductive (2):  embryo

production, spermatogenesis,
testis morphology, testis
apoptosis, gonad histopathology,
reproductive hormone levels,
male secondary sex
characteristic scores, GSI

o Cumulative Uncertainty Factors
applied to NOAEC (bounded and
unbounded) and Unbounded LOAEC
values to obtain Comprehensive
SVLOW point estimates for
Venlafaxine:  ranged from 196 to 2937
(see Attachment 4-2D for breakdown
of the component UF values by SV
point estimate)

o Database Adequacy UF applied to
obtain the Mean Comprehensive
SVLOW value from Effect-Specifc
SVLOW values for Venlafaxine:  1
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Effect-Specifc SV Values (ug/L) for Venlafaxine 

• Population-relevant SVHIGH: The venlafaxine 
effect-specifc population-relevant SVHIGH values in 
three effect categories range from 0.0616 ug/L
(Mortality) to 4.04 ug/L (Reproductive) (Table 4-1a).

• Population-relevant SVLOW : Available data were 
suffcient to estimate values for all fve population-
relevant effect categories, with effect-specifc 
population-relevant SVLOW values ranging from 
0.00065 ug/L (Mortality and Reproductive) to 0.0318 
(Developmental) (Table 4-1b).

SV Point Estimates for Venlafaxine 

• Comprehensive SVHIGH : Five out of 13 effect
categories had suffcient data to estimate effect-
specifc values, which range from 0.0253 ug/L
(Endocrine) to 0.698 ug/L (Behavioral) (Table
4-1c).

• Comprehensive SVLOW : There were suffcient
data to estimate values for seven of the 13 effect
categories, with values ranging from 0.0000681
ug/L (Endocrine) to 0.0128 ug/L (Developmental)
(Table 4-1d).

Effect Category 

Venlafaxine 
Range (N) of SV Point Estimate Values (ug/L) 

by Type of SV and Effect Category 
Population-relevant 

SVHIGH 

Population-relevant 
SVLOW 

Comprehensive SVHIGH Comprehensive SVLOW 

Effect Categories used for both Population-relevant and Comprehensive type SVs 
Behavioral 0.202 – 10.1 (3) 0.00127 – 0.0636 (3) 0.189 – 9.47 (3) 0.000511 – 0.0255 (3) 
Developmental 0.0318 – 0.0553 (3) 0.0253 (1) 0.0128 – 0.0222 (3) 
Growth 0.00702 (1) 0.00282 (1) 
Mortality 0.062 (1) 0.000647 (1) 0.0578 (1) 0.00026 (1) 
Reproductive 4.04 (1) 0.000647 – 0.00318 (2) 0.0578 – 3.79 (2) 0.00026 – 0.00128 (2) 

Effect Categories used for Comprehensive type SVs, only 
Circulatory/ Blood 
Constituents 
Endocrine 0.0253 (1) 0.0000681 (1) 
Genotoxicity 
Gross Pathology 
Histopathology 0.189 (1) 0.000511 – 0.00282 (2) 
Immunological 
Neurological 
Physiology/ 
Metabolism 
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4.4.14.3 SV Development: Graphics for Venlafaxine 

Population-relevant SVHIGH Values for Venlafaxine:  Relationships among the Mean Value, Effect-Specifc 
Values, and Point Estimates.  In the Point Estimate histogram, the X-axis values are upper bounds of 
frequency distribution bin intervals. 
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Population-relevant SVLOW Values for Venlafaxine:  Relationships among the Mean Value, Effect-Specifc 
Values, and Point Estimates.  In the Point Estimate histogram, the X-axis values are upper bounds of 
frequency distribution bin intervals. 
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Comprehensive SVHIGH Values for Venlafaxine:  Relationships among the Mean Value, Effect-Specifc 
Values, and Point Estimates.  In the Point Estimate histogram, the X-axis values are upper bounds of 
frequency distribution bin intervals. 
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Comprehensive SVLOW Values for Venlafaxine:  Relationships among the Mean Value, Effect-Specifc Values, 
and Point Estimates.  In the Point Estimate histogram, the X-axis values are upper bounds of frequency 
distribution bin intervals. 
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Figure 4-2.  Derivation of four types of SV Point Estimates from adverse effect concentrations reported in the 
literature and compiled in the CEC Fish Ecotoxicity Database 

187 



 

Fi
gu

re
 4

-3
.  

D
is

tr
ib

ut
io

n 
of

 u
na

dj
us

te
d 

ef
fe

ct
 c

on
ce

nt
ra

ti
on

s 
(u

g/
L

) u
se

d 
to

 d
er

iv
e 

th
e 
po

pu
la

ti
on

-r
el

ev
an

t 
SV

H
IG

H
 p

oi
nt

 e
st

im
at

es
 (N

 =
 9

9)
 fo

r 
th

e 
14

 C
E

C
s 

in
cl

ud
ed

 in
 t

hi
s 

do
cu

m
en

t.
 X

-a
xi

s 
va

lu
es

 a
re

 u
pp

er
 b

ou
nd

s 
of

 fr
eq

ue
nc

y 
di

st
ri

bu
ti

on
 b

in
 in

te
rv

al
s.

 

188 



Fi
gu

re
 4

-4
  D

is
tr

ib
ut

io
n 

of
 u

na
dj

us
te

d 
ef

fe
ct

 c
on

ce
nt

ra
ti

on
s 

(u
g/

L
) u

se
d 

to
 d

er
iv

e 
th

e 
po

pu
la

ti
on

-r
el

ev
an

t 
SV

L
O

W
 p

oi
nt

 e
st

im
at

es
 (N

 =
 1

67
) f

or
 t

he
 1

4 
C

E
C

s 
in

cl
ud

ed
 in

 t
hi

s 
do

cu
m

en
t.

 X
-a

xi
s 

va
lu

es
 a

re
 u

pp
er

 b
ou

nd
s 

of
 fr

eq
ue

nc
y 

di
st

ri
bu

ti
on

 b
in

 in
te

rv
al

s.
 

189 



 

Fi
gu

re
 4

-5
. 

D
is

tr
ib

ut
io

n 
of

 u
na

dj
us

te
d 

ef
fe

ct
 c

on
ce

nt
ra

ti
on

s 
(u

g/
L

) u
se

d 
to

 d
er

iv
e 
co

m
pr

eh
en

si
ve

 t
yp

e 
SV

H
IG

H
 p

oi
nt

 e
st

im
at

es
 fo

r 
th

e 
14

 C
E

C
s 

in
cl

ud
ed

 in
 

th
is

 d
oc

um
en

t 
(N

 =
 1

41
). 

X
-a

xi
s 

va
lu

es
 a

re
 u

pp
er

 b
ou

nd
s 

of
 fr

eq
ue

nc
y 

di
st

ri
bu

ti
on

 b
in

 in
te

rv
al

s 

190 



Fi
gu

re
 4

-6
. 

D
is

tr
ib

ut
io

n 
of

 e
ff

ec
t 

co
nc

en
tr

at
io

ns
 (u

g/
L

) u
se

d 
to

 d
er

iv
e 

th
e 
co

m
pr

eh
en

si
ve

 t
yp

e 
SV

L
O

W
 p

oi
nt

 e
st

im
at

es
 (N

 =
 2

14
) f

or
 t

he
 1

4 
C

E
C

s 
in

cl
ud

ed
 in

 t
hi

s 
do

cu
m

en
t.

 X
-a

xi
s 

va
lu

es
 a

re
 u

pp
er

 b
ou

nd
s 

of
 fr

eq
ue

nc
y 

di
st

ri
bu

ti
on

 b
in

 in
te

rv
al

s.
 

191 



 

Figure 4-7.  Effect-specifc population-relevant SVHIGH values, by CEC. 
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Figure 4-8.  Effect-specifc population-relevant SVLOW values, by CEC. 
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Figure 4-9. Effect-specifc  comprehensive SVHIGH values, by CEC. 
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Figure 4-9 (continued). Effect-specifc  comprehensive SVHIGH values, by CEC. 
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Figure 4-9 (continued). Effect-specifc  comprehensive SVHIGH values, by CEC. 
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Figure 4-10. Effect-specifc  comprehensive SVLOW values, by CEC. 
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Figure 4-10 (continued). Effect-specifc  comprehensive SVLOW values, by CEC. 
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Figure 4-10 (continued). Effect-specifc  comprehensive SVLOW values, by CEC. 
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Table 4-1a.   Population-relevant SVHIGH values: Dissolved concentrations of CECs in surface water (ug/L) 
above which it is reasonable to expect adverse effects in freshwater fsh populations, based on currently 
available published literature on CEC toxicity in fsh (nd = no data). A blank cell indicates that data were 
not suffcient to generate an effect-specifc SV estimate. The mean population-relevant SVHIGH = 
(geometric mean of effect-specifc SVs) / UFDATA. 

Chemical Name 

Mean 
Population-

relevant SVHIGH 

(geometric 
mean of Effect-
Specific SVs / 

UFDATA) (ug/L) 

Database 
Adequacy UF 

(UFDATA) 
(Table 3-17) 

Effect-Specific Population-relevant SVHIGH Estimates (ug/L) 

B
eh

av
io

ra
l

D
ev

el
op

m
en

ta
l

G
ro

w
th

M
or

ta
lit

y

R
ep

ro
du

ct
iv

e 

Androstene-3,17-dione, 4- 3.23E+00 5 1.62E+01 

Bisphenol A 1.77E+02 1 6.06E+02 8.83E+01 2.59E+02 6.80E+02 1.83E+01 

Carbamazepine 2.99E+02 1 4.13E+02 7.07E+02 7.19E+02 1.33E+03 8.52E+00 

Citalopram 2.37E-01 5 1.19E+00 

DEET 7.10E+03 3 2.13E+04 

Diphenhydramine 3.35E+00 2 2.26E+00 1.98E+01 

Estrone 1.86E-02 2 2.02E-02 7.54E-02 3.39E-02 

HHCB 6.02E+01 1 3.68E+01 5.66E+01 7.94E+01 7.94E+01 

Ibuprofen 8.22E-01 2 2.70E-01 5.78E+01 2.85E-01 

Lidocaine 9.49E+02 5 4.75E+03 

Sitosterol, β- 1.01E+02 2 2.02E+01 2.02E+03 

Triclosan 4.08E+01 1 2.28E+01 7.38E+01 4.04E+01 4.08E+01 

TBEP 5.11E+02 2 1.75E+03 1.62E+03 3.77E+02 

Venlafaxine 2.85E-01 2 7.44E-01 6.16E-02 4.04E+00 
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Table 4-1b.  Population-relevant SVLOW values: Dissolved concentrations of CECs in surface water (ug/L) 
below which it is reasonable to expect no signifcant adverse effects in freshwater fsh populations, based on 
currently available published literature on CEC toxicity in fsh (nd = no data).  A blank cell indicates that 
data were not suffcient to generate an effect-specifc SV estimate. The mean population-relevant SVLOW = 
(geometric mean of effect-Specifc SVs) / UFDATA. 

Chemical Name 

Mean
Population-

relevant SVLOW 

(geometric 
mean of Effect-
Specific SVs / 

UFDATA) (ug/L) 

Database 
Adequacy UF 

(UFDATA) 
(Table 3-16) 

Effect-Specific Population-relevant SVLOW Estimates (ug/L) 

B
eh

av
io

ra
l

D
ev

el
op

m
en

ta
l

G
ro

w
th

M
or

ta
lit

y

R
ep

ro
du

ct
iv

e 

Androstene-3,17-dione, 4- 1.27E-03 2 2.54E-02 2.54E-04 

Bisphenol A 6.22E-02 1 3.82E+00 6.36E-04 1.27E-01 1.65E+00 1.82E-03 

Carbamazepine 7.88E-02 1 2.54E-02 7.25E-03 2.29E+00 5.66E+00 1.27E-03 

Citalopram 2.54E-04 5 1.27E-03 

DEET 1.27E-03 2 2.54E-03 2.54E-03 2.54E-03 

Diphenhydramine 5.27E-02 2 3.56E-02 3.12E-01 

Estrone 1.15E-04 1 3.18E-05 3.18E-05 1.68E-03 1.02E-04 

HHCB 9.10E-01 1 5.91E-01 8.65E-01 1.16E+00 1.16E+00 

Ibuprofen 4.17E-03 1 8.65E+00 6.36E-05 2.83E-02 6.36E-04 1.27E-04 

Lidocaine 5.98E+00 5 2.99E+01 

Sitosterol, β- 1.71E-01 1 3.18E-03 9.48E+00 4.77E-01 3.18E+00 3.18E-03 

Triclosan 2.86E-03 1 2.86E-03 2.86E-03 2.86E-03 2.86E-03 2.86E-03 

TBEP 1.67E+00 2 1.65E+01 9.54E-01 2.37E+00 

Venlafaxine 2.60E-03 1 1.27E-03 3.18E-02 7.02E-03 6.47E-04 6.47E-04 
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ATTACHMENT 1-1. 

List of CECs commonly detected in unfltered surface water during 2010-2012 at sampling sites in the Great 
Lakes Basin. 

Androstene-3,17-dione, 4-

* Androsterone, cis-

* Benzophenone

Bisphenol A

Carbamazepine

* Chloroxylenol

Citalopram

* Coprostanol, 3-beta-

* Cotinine

DEET

* Diltiazem

Diphenhydramine

Estrone

Hexahydrohexamethylcyclopentabenzopyran (HHCB)

Ibuprofen

* Iminostilbene

Lidocaine

# Metolachlor

# Phenytoin

Sitosterol, beta-

* Tramadol

Triclosan

* Triethyl citrate

Tris(2-butoxyethyl)phosphate (TBEP)

Venlafaxine

Shading = CECs for which published ecotoxicity information was suffcient to derive a pair of SVs 

# = CECs for which limited fsh ecotoxicity information was located, which was insuffcient 
to derive the pair of SVs 

* = CECs for which no published lab ecotoxicity studies in fsh were located in literature searches
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ATTACHMENT 2-1. 

Guide to Effect Categories, Adverse Effect Endpoints, 
and Population-relevance in the CEC Fish Ecotoxicity Database 

The underlined headers below, in Sections 2-1.1 and 
2-1.2, designate 13 Effect Categories that may be
included in the CFED. No other effect categories
have been entered into the database. These are
conventional terms commonly used by agencies
involved in human health and/or ecological risk
assessment of chemical impacts (e.g., ATSDR (no
date), USEPA 1997) and ecotoxicological research
in fsh. For each Effect Category, study design
features, example key words, and usage guidelines
are described. This guide is intended to:

• assist data entry personnel with consistently
assigning study results to different Effect
Categories in the CFED, and with
consistently assigning adverse and
population-relevant designations to specifc
effect endpoints

• assist database users with understanding
database contents and locating information
of interest.

All effect endpoints (both adverse and other) that 
are listed below were used to develop UF values, 
while SVs were derived from only adverse effect 
endpoints. 

Relative adversity of effect endpoints is a topic of 
interest in the ecotoxicity literature (e.g., Lewis 
et al. 2002). Our approach likewise distinguishes 
“adverse” from other effects. Effects not 
designated as adverse include the following types of 
endpoints: 

• bioindicators of exposure (e.g., elevated
vitellogenin in male fsh after exposure to
estrogenic chemicals),

• adaptive effects (e.g., hepatomegaly),
• effects associated with exposure to

xenobiotics generally (e.g., liver enzyme
induction), or

• precursor effects in an adverse outcome
pathway that have not yet been
quantitatively linked to adverse apical effects
(e.g., altered mRNA expression)

We designated population-relevance of effect 
endpoints based on scientifc judgement, as 
informed by the literature.  USEPA (1997) guidance 
for developing screening ecotoxicity values indicates 
a clear preference for effect endpoints “that can 
impact populations”, including “adverse effects on 
development, reproduction, and survivorship.”  For 
the purpose of deriving population-relevant SVs, 

we defne population-relevant effect endpoints as 
those that directly relate to survival, propagation, 
or growth, where laboratory exposure-response 
information could be readily incorporated into a 
quantitative, mechanistic population dynamics 
model (Figure 2-2).  

The integration of population modeling with 
laboratory-derived ecotoxicity data to assess 
population-level impacts of chemical exposures 
in ecological receptors has had a consistent 
representation in the literature for decades (e.g., 
Baldwin et al. 2009, Barnthouse et al. 1987, Brown 
et al. 2003, Forbes et al. 2011, Forbes et al. 2016, 
Pastorok et al. 2003, Raimondo and McKenney 
2006, Spromberg and Meador 2005, USEPA 2009a, 
USEPA 2009b), and has been recommended by 
the National Academy of Sciences for prospective 
EHAs evaluating the potential for pesticide 
impacts to threatened and endangered species 
(NAS 2013). Survival and reproductive effect 
endpoints are of obvious relevance to population 
modeling. But, there also has been increasing 
attention in the ecological risk assessment 
literature to incorporating adverse growth and 
certain developmental and behavioral endpoints to 
interpret the potential for chemical impacts to fsh 
populations (e.g., Hamilton et al. 2016, Hazlerigg 
et al. 2014, Marty et al 2016). Our designations 
of population-relevance indicated below in Section 
2-1.1 were based on scientifc judgment that refects
these trends and patterns in the literature.

No fsh ecotoxicity effects in the database were 
reported as population- or community-level 
endpoints22 , per se, and none were located in the 
fsh ecotoxicity literature for the CECs considered 
in this document. We recognize that the individual 
organism is the unit of observation in nearly all 
fsh ecotoxicity assays, so all effect endpoints 
are necessarily suborganism- or organism-level 
endpoints. 

It may be argued legitimately that all adverse 
effects are ultimately related to the survival and 
propagation of populations by infuencing stress 
levels and energetics in the individuals comprising 
the populations. However, not all adverse effect 
endpoints as reported in ecotoxicity studies may 
be converted readily and quantitatively into effects 
on survival, propagation, or growth.  Low levels 
of stress or energy expenditure related to certain 
types of adverse effects from CEC exposures, such 
as shifts in hematological parameters or plasma 

22Examples of endpoints at the population and community levels of ecological organization: 
•	 Population - absolute or relative abundance, intrinsic or finite rate of increase, sex ratio, age distribution, life table

structure, etc. 
•	 Community - trophic structure, food web complexity, richness or diversity at various taxonomic levels, etc.
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chemistry, micronucleus formation, discoloration of 
liver, or alterations in blood antibody concentrations 
may, in themselves, likely have limited direct 
impacts on populations of fsh. However, other 
effect endpoints designated as “population-relevant” 
are more clearly, directly, and quantifably related to 
survival and propagation of populations as reported 
in the primary literature.  Examples of these 
include mortality, reduced egg hatchability, reduced 
sperm viability, reduced predator avoidance, 
increased embryonic deformations or functional 
defciencies, reduced larval growth, and increased 
susceptibility to lethal pathogens. 

In the CEC SV derivation process, Population-
relevant effect endpoints are associated with the 
following Effect Categories: Developmental, 
Growth, Survival/Mortality, Reproductive, 
and Behavioral. In contrast, derivation of 
comprehensive SVs utilized all CEC-specifc 
NOAECs and LOAECs in all Effect Categories. 

2-1.1 Effect Categories that Include Population-
Relevant Endpoints

Behavioral 
Description: These endpoints are related to 
physical movement or orientation in response to 
chemical (and possibly additional) stimuli. Included 
are endpoints related to: 

• activity patterns, responses to stimuli, or
behavioral clinical signs of toxicity in fsh
exposed individually, and

• altered interactions (e.g., mating displays,
resource competition, aggression, or
predator-prey interactions) between fsh
exposed in groups or between an exposed
fsh and an unexposed challenge organism
or simulated organism.

Exposure: Any life stage; any exposure duration 

Life Stages Evaluated: Effects may be evaluated in 
any life stage. 
Population-Relevant Adverse Endpoints:  Based on 
scientifc judgement on a case-by-case basis, these 
include behavioral endpoints related to: 

• survival (e.g., startle response time,
swimming speed, predator avoidance, or
feeding rate), or

• reproduction (e.g., nest defense or
spawning behaviors).

Other Adverse Endpoints:  Endpoints not related 
to survival or reproduction behaviors that could 
be integrated into a quantitative, mechanistic 
population model – e.g., righting refex or light-dark 
preferences. 

Other Endpoints: None; all behavioral endpoints 
were considered adverse. 

Exclusions:  None; all behavioral endpoints are 
included in this Effect Category. 

Developmental 
Description: These effects occur post-fertilization 
in the exposed generation, or in subsequent 
generations. 

Exposure:  Exposure may occur in any life stage 
and any duration, but at least some of the exposure 
must occur in early life stages within the same 
generation being evaluated, and/or any life stage(s) 
in generation(s) prior to the generation being 
evaluated within a multigenerational study. 

Life Stages Evaluated:  For the most part, effects 
that are observed in early life stages (embryo, larva, 
fry) are reported under the Developmental Effect 
Category.  Abnormalities in immature and adult 
fsh may also be reported, but only if exposure had 
occurred during a developmental life stage of the 
same generation, or in a previous generation. Life 
cycle tests and early life stage tests typically include 
developmental endpoints. 

Population-Relevant Adverse Endpoints:  sex 
ratio, early life stage growth and survival; timing, 
rate, success of hatch; anatomical deformations or 
malformations23 . 

Other Adverse Endpoints:  occurrence of intersex24, 
metabolic, hormonal, genetic, gross or histological, 
immunological, circulatory/blood, neurological, and/ 
or physiological abnormalities in early life stages, 
or in juvenile or adult life stages if exposure had 
occurred as specifed above.  

Other Endpoints:  Enzyme inhibition, induction or 
activity, mRNA expression of genes. 

Exclusions:  Behavioral and Cancer endpoints 
observed during early life stages are included in 
those Effect Categories, not in Developmental. 

23 Severe anatomical deformations and malformations have been observed to directly impact embryo or larval survival under labora-
tory conditions.  Developmental toxicity assays do not typically track survival of malformed versus unaffected individuals through 
adulthood. Even if severe malformations (such as spinal curvature) were not observed to affect early life stage survival under labora-
tory conditions, it is reasonable to assume that such malformations would contribute to high mortality rates during later life stages in 
wild populations. Less severe deformities that are not directly fatal may indirectly adversely impact survival and reproduction in fsh 
populations in real aquatic systems by affecting ability to capture prey and/or avoid predators, impact mating performance, or reduce 
resource competitiveness. Other deformations, such as elongated sword in a swordtail fsh, have unknown but suspected negligible 
relevance to fsh survival and reproduction.  For these reasons, developmental endpoints were individually assessed using professional 
judgment as to their utility to quantitative, mechanistic modelling of population sustainability. 
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Growth Reproductive 
Description: Effects related to body size. Description: Endpoints are events and effects 

Exposure: Sexually immature (fngerling, juvenile) 
or mature (adult) fsh; any exposure duration 

Life Stages Evaluated: Effects evaluated in 
exposed sexually immature (fngerling, juvenile) or 
mature (adult) fsh, only. 

Population-Relevant Adverse Endpoints: changes 
in whole body size, such as body weight, various 
length metrics, girth, and condition index (weight/ 
length). 

Other Adverse Endpoints:  changes in 
morphological characteristics with unknown adverse 
consequences 

Other Endpoints: changes in specialized 
morphological characteristics, such as, decrease in 
sword length in swordtail fsh 

Exclusions: Growth endpoints observed in early life 
stages should be included under Developmental. 

Mortality/Survival 
Exposure:  Sexually immature (fngerling, juvenile) 
or mature (adult) fsh; subchronic or chronic 
exposure duration 

Life Stages Evaluated: Effects evaluated in 
exposed sexually immature (fngerling, juvenile) or 
mature (adult) fsh, only. 

Population-Relevant Adverse Endpoints:  Reported 
results are suffcient to identify a LOAEC and/or 
NOAEC for mortality, which is the only endpoint 
included under this Effect Category.  Reported 
LCxx values are not included. 

Other Adverse Endpoints:  None 

Other Endpoints: None 

Exclusions:  Early life stage mortality/survival data 
are included only under Developmental. Behavioral 
endpoints related to mortality, such as predator 
avoidance, are included under the Behavioral 
Effects Category. 

related to, and infuencing the capacity for, 
successful procreation - up to and including 
fertilization. 

Exposure: Sexually immature (fngerling, juvenile, 
subadult) or mature (adult) fsh, or direct pre-
fertilization exposure of gametes; any exposure 
duration 

Life Stages Evaluated: Effects evaluated in 
parental (adult) fsh, gametes, or embryos, only. 

Population-Relevant Adverse Endpoints: functional 
changes in reproductive organs of exposed adults; 
gametogenesis; production, survival, mobility, size, 
and viability of gametes; timing, frequency, and 
success of spawning; fertilization success, GSI. 

Other Adverse Endpoints:  reproductive effect 
endpoints that are not readily quantifable with 
respect to reduction in the capacity for procreation, 
such as: external structural change in reproductive 
organs of exposed adults; reproductive hormone 
levels; gross pathology or histopathology of 
reproductive organs; external secondary sex 
characteristics. 

Other Endpoints: mRNA expression of 
hypothalamus-pituitary-gonad axis genes; 
biomarkers of exposure to estrogenic or androgenic 
contaminants (e.g., vitellogenin as biomarker for 
exposure to an estrogenic substance). 

Exclusions:  Behavioral endpoints related to 
reproduction are included under the Behavioral 
Effects Category; changes in reproductive 
organs in early life stages are reported under the 
Developmental Effects Category 

2-1.2 Other Effect Categories25 

Circulatory/Blood Constituents 
Exposure: Sexually immature (fngerling, juvenile) 
or mature (adult) fsh; subchronic or chronic 
exposure duration 

Life Stages Evaluated: Effects evaluated in 
exposed sexually immature (fngerling, juvenile) or 
mature (adult) fish. 

[Early Life Stage effects should only be included 
under the Developmental Effect Category]

24 Intersex is a commonly measured metric of CEC effects, particularly when exposure to estrogenic substances is suspected. While 
intersex is considered an adverse effect to an individual fsh, the mere presence of oocytes in fsh testes does not preclude the viability 
or suffcient quantity of that fsh’s spermatocytes such that overall reproduction in the population is not impacted.  Harris et al. (2011) 
found that even severely affected males do sire offspring. While it is possible that the occurrence of intersex is indeed indicative of 
signifcant reproductive impacts, no peer-reviewed laboratory study quantifying a functional relationship between the occurrence of 
intersex and reduction in fsh reproductive success was located. Harris et al. (2011) found that proportion of offspring sired per male 
fsh was negatively related to intersex index in a severely polluted river.  However, it is not clear whether intersex is the driving vari-
able, or simply correlated with the principal effect.  That is, it is not clear in the Harris et al. (2011) in situ study whether reduction in 
reproductive performance was due to alterations in classic reproductive endpoints or to disruption of reproductive behavior, or to some 
other unidentifed effect from exposure to estrogenic chemicals, or other chemicals. Hence, for the purposes of this document and until 
lab studies provide further clarity, intersex is tentatively designated a non-population-relevant adverse Reproductive endpoint.  
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Description: Endpoints include physiological, 
functional, or anatomical pathology of heart or blood 
vessels; blood cell formation, bone marrow, lymph 
nodes, spleen, thymus; hematological parameters, 
blood or plasma chemistry; and heart enzymes in 
blood. 

Endocrine/Hormone 
Exposure: sexually immature (fingerling, juvenile) 
or mature (adult) fish; subchronic or chronic 
exposure duration 

Life Stages Evaluated: Effects evaluated in 
exposed sexually immature (fingerling, juvenile) or 
mature (adult) fish. 

[Early Life Stage effects should only be included 
under the Developmental Effect Category] 

Description: Endpoints include: measured 
concentrations of endogenous steroid and non-
steroid, endocrine and neuroendocrine hormones, 
hormone precursors, or hormone metabolites in 
various tissues; evaluations of gross pathology or 
histopathology in organs and tissues related to 
the endocrine and neuroendocrine systems (e.g., 
hypothalamus, pituitary, thyroid, pancreas, adrenal 
gland, or pineal gland). 

Reproductive hormone levels and effects in 
reproductive organs are not included here; they are 
included in the Reproductive Effects Category 

Genotoxicity 
Exposure: sexually immature (fingerling, juvenile) 
or mature (adult) fish; subchronic or chronic 
exposure duration 

Life Stages Evaluated:  Effects evaluated in 
exposed sexually immature (fingerling, juvenile) or 
mature (adult) fish. 

[Early Life Stage effects should only be included 
under the Developmental Effect Category] 

Description: Endpoints include: RNA/DNA ratio; 
DNA or RNA fragmentation or other damage; 
nucleic acid synthesis; mutations such as nucleotide 
substitution; chromosomal damage or aberrations; 
incomplete or otherwise abnormal cell division, 
mitosis, or meiosis; micronucleus formation; cell 
nucleus abnormalities; abnormal DNA synthesis or 
sequences. 

Gross Pathology 
Exposure:  sexually immature (fngerling, juvenile) 
or mature (adult) fsh; subchronic or chronic 
exposure duration 

Life Stages Evaluated: Effects evaluated in 
exposed sexually immature (fngerling, juvenile) or 
mature (adult) fsh. 

[Early Life Stage effects should only be included 
under the Developmental Effect Category] 

Description: Endpoints include morphology and 
external features of the whole fsh and organs, 
including: overall coloration, spotting, and 
macroscopic lesions; organ size as absolute organ 
weights or relative weight (e.g., HSI); enzymes in 
blood indicative of specifc organ damage. Nodules, 
other non-cancer growths, rough surfaces, and 
other surfcial tissue anomalies are included here. 

Exclusions: 
• Pre-cancerous and cancerous lesions should

only be included in the Cancer Effect
Category,

• Pathology endpoints for certain organs/
tissues that are principally related to other
Effect Categories should not be included
here, such as Reproductive, Circulatory,
Endocrine, or Neurological

• Pathologies in early life stages should be
reported under Developmental

Histopathology 
Exposure:  Sexually immature (fngerling, juvenile) 
or mature (adult) fsh; subchronic or chronic 
exposure duration 

Life Stages Evaluated: Effects evaluated in 
exposed sexually immature (fngerling, juvenile) or 
mature (adult) fsh. 

[Early Life Stages are included under 
Developmental Effect Category] 

Description:  Endpoints evaluated internally in 
organs and tissues include microscopic lesions, 
cellular changes, ultrastructural (subcellular, 
organelle) changes, etc. 

[Early Life Stages are included under 
Developmental Effect Category, and hematology, 
gametogenesis stages, and histopathology in 
reproductive organs are called out in other Effect 
Categories] 

25 The CEC Fish Ecotoxicity Database (CFED) generated in this study included principally subchronic or chronic exposure duration 
data. Future updates of the database and CEC SVs may include acute an Acute Toxicity Effect Category to record LCxx or ECx 
toxicity data if an empirical exposure duration uncertainty factor is eventually developed. No laboratory assays for the 14 subject 
CECs in this document reported cancer endpoints. Database updates may include a Cancer Effect Category if cancer endpoints are 
reported in future lab studies in freshwater fsh. 
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Immunological 
Exposure: Sexually immature (fngerling, juvenile) 
or mature (adult) fsh; subchronic or chronic 
exposure duration 

Life Stages Evaluated:  Effects evaluated in 
exposed sexually immature (fngerling, juvenile) or 
mature (adult) fsh. 

[Early Life Stages are included under 
Developmental Effect Category] 

Description: Endpoints are related to immune 
system function, and may include infammatory or 
autoimmune responses, pathogen susceptibility, or 
levels of circulating immunoglobulins, lymphocytes, 
macrophages, neutrophils and eosinophils, 
antibodies, antibacterial peptides, interferons, 
cytokines, lytic enzymes (e.g., lysozyme), 
phagocytes, etc. 

Neurological 
Exposure: Sexually immature (fngerling, juvenile) 
or mature (adult) fsh; subchronic or chronic 
exposure duration 

Life Stages Evaluated: Effects evaluated in 
exposed sexually immature (fngerling, juvenile) or 
mature (adult) fsh. 

[Early Life Stages are included under 
Developmental Effect Category] 

Description: Effects are related to neuroanatomy 
or neurophysiology.  Endpoints may include 
neurotransmitter activity or gene expression, 

receptor abundance, activation potential, central 
nervous system (CNS), peripheral nervous system 
(PNS), locomotor, sensory, mechanosensory, brain, 
spinal cord, cranial nerve, axon, dendrite, synapse, 
olfactory, ocular, etc. 

Physiological/Metabolic 
Exposure:  Sexually immature (fngerling, juvenile) 
or mature (adult) fsh; subchronic or chronic 
exposure duration 

Life Stages Evaluated: Effects evaluated in 
exposed sexually immature (fngerling, juvenile) or 
mature (adult) fsh. 

[Early Life Stages are included under 
Developmental Effect Category] 

Description:  Wide variety of effects related 
to biochemical function, and maintenance of 
homeostasis (including osmoregulation). Endpoints 
include: respiration rate, ventilation rate, or 
oxygen consumption; stress indicators, oxidative 
stress, or antioxidant abundance or activity; 
enzyme synthesis, enzyme system induction (e.g., 
cytochrome P450), or specifc enzyme activity in any 
tissue (except blood); food assimilation effciency, 
energy metabolism (e.g., glycolysis); alterations 
of mRNA transcription or translation; xenobiotic 
metabolism rates/metabolites; environmental 
preferences or tolerances (e.g., thermal tolerance). 
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UFD u ra (Table 3-13) 1 1 2 2 2 1 2 2 2 2 

UFConc (T able 3-14) 5 1 2 2 2 1 5 5 2 5 

T
yp

e 
of

R
ep

or
te

d 
E

xp
os

ur
e 

C
on

ce
nt

ra
tio

ns
 

N
om

in
al

 

M
ea

su
re

d 

N
om

in
al

 

N
om

in
al

 

N
om

in
al

 

M
ea

su
re

d 

N
om

in
al

 

N
om

in
al

 

N
om

in
al

 

N
om

in
al

 

T
yp

e 
of

 E
ff

ec
t

C
on

ce
nt

ra
tio

n 

U
nb

ou
nd

ed
LO

A
EC

 

U
nb

ou
nd

ed
 

N
O

A
EC

 

U
nb

ou
nd

ed
N

O
A

EC
 

U
nb

ou
nd

ed
N

O
A

EC
 

U
nb

ou
nd

ed
N

O
A

EC
 

U
nb

ou
nd

ed
 

N
O

A
EC

 

U
nb

ou
nd

ed
LO

A
EC

 

U
nb

ou
nd

ed
LO

A
EC

 

B
ou

nd
ed

 
N

O
A

EC
 

U
nb

ou
nd

ed
LO

A
EC

 

E
ff

ec
t 

C
on

ce
nt

ra
tio

n 
(u

g/
L

) –
IN

PU
T

 to
 S

V
Po

in
t E

st
im

at
e 

50
00

74
5

15
0

15
0

10
00

74
5

75 30
0

10 15
0 

E
ff

ec
t 

C
at

eg
or

y 

D
ev

el
op

m
en

ta
l 

G
ro

w
th

 

G
ro

w
th

 

G
ro

w
th

 

M
or

ta
lit

y/
Su

rv
iv

al
 

R
ep

ro
du

ct
iv

e 

R
ep

ro
du

ct
iv

e 

R
ep

ro
du

ct
iv

e 

R
ep

ro
du

ct
iv

e 

R
ep

ro
du

ct
iv

e 

C
om

m
on

C
he

m
ic

al
 N

am
e 

Si
to

st
er

ol
, b

et
a-

Si
to

st
er

ol
, b

et
a-

Si
to

st
er

ol
, b

et
a-

Si
to

st
er

ol
, b

et
a-

Si
to

st
er

ol
, b

et
a-

Si
to

st
er

ol
, b

et
a-

Si
to

st
er

ol
, b

et
a-

Si
to

st
er

ol
, b

et
a-

Si
to

st
er

ol
, b

et
a-

Si
to

st
er

ol
, b

et
a-

351 



  
 

 
 

 
  

  

 

 

    

   

  

  

  

 
 

 
 

 
 

 

 
 

 
  

 

 

 
 

 
  

 
 

 
 

 
 

 
 

 
 

 

 
 

 
  

 
 

 
 

 
 

 
 

 
 

 

 
 

 
  

 
 

 
 

 
 

 
 

 
 

 

 
 

 
 

 
 

 
 

 
 

 
 

  
 

 
 

 
 

 
  

 
 

 
 

 
 

 
  

 
 

 

 
 

 
  

 
 

 
 

 
 

 
  

 
 

 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

 
 

 
  

 
 

 
 

 
 

 
  

 
 

 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

 

A
tta

ch
m

en
t 4

-2
D

. (
Co

nt
in

ue
d)

 

P ublication Year 

20
11

20
14

20
14

20
13

20
12

20
12

20
10

20
02

20
09

20
12

20
00

 

Pu
bl

ic
at

io
n

Pr
im

ar
y

A
ut

ho
r,

L
as

t N
am

e 

St
ev

en
so

n 

B
ro

w
n 

B
ro

w
n 

Fr
its

ch
 

Sc
hu

ltz
 

Sc
hu

ltz
 

N
as

se
f 

O
rv

os
 

O
liv

ei
ra

 

Sc
hu

ltz
 

Fo
ra

n 

L
ife

St
ag

e(
s)

 
of

 
E

xp
os

ed
Fi

sh
 

ad
ul

t 

ad
ul

t 

ad
ul

t 

la
rv

a 

ad
ul

t 

la
rv

a 

ju
ve

ni
le

 

em
br

yo
,

la
rv

a 

ad
ul

t 

la
rv

a 

la
rv

a 

Sp
ec

ie
s 

C
om

m
on

N
am

e 

Si
am

es
e 

fig
ht

in
g 

fis
h 

Si
am

es
e 

fig
ht

in
g 

fis
h 

Si
am

es
e 

fig
ht

in
g 

fis
h 

Fa
th

ea
d

m
in

no
w

 

Fa
th

ea
d

m
in

no
w

 

Fa
th

ea
d

m
in

no
w

 

Ja
pa

ne
se

 
m

ed
ak

a 

R
ai

nb
ow

 tr
ou

t 

Ze
br

af
is

h 

Fa
th

ea
d

m
in

no
w

 

Ja
pa

ne
se

 
m

ed
ak

a 

C
om

pr
eh

en
si

ve
SV

L
O

W

Po
in

t E
st

im
at

e
(u

g/
L

) 

0.
00

12
76

8 

0.
00

12
76

8 

1.
27

68
13

1 

0.
01

02
14

5 

0.
00

11
46

6 

0.
00

11
49

1 

0.
08

68
23

3 

0.
17

41
57

3 

0.
34

04
83

5 

0.
00

11
49

1 

0.
02

55
36

3 

UFCC (Table 3-4) 2 2 2 2 2 2 2 2 2 2 2 

UFI n tr a (Table 3-12) 

11 11 11 11 11 11 11 11 11 11 11
 

UFI n te r (Table 3-8) 

8.
9 

8.
9 

8.
9 

8.
9 

8.
9 

8.
9 

8.
9 

8.
9 

8.
9 

8.
9 

8.
9 

UFD u ra (Table 3-13) 2 2 2 1 2 1 2 1 3 1 1 

U FC onc (Table 3-14) 2 2 2 5 1 2 5 1 2 2 2 

T
yp

e 
of

R
ep

or
te

d 
E

xp
os

ur
e 

C
on

ce
nt

ra
tio

ns
 

N
om

in
al

 

N
om

in
al

 

N
om

in
al

 

N
om

in
al

 

M
ea

su
re

d 

N
om

in
al

 

N
om

in
al

 

M
ea

su
re

d 

N
om

in
al

 

N
om

in
al

 

N
om

in
al

 

T
yp

e 
of

 E
ff

ec
t

C
on

ce
nt

ra
tio

n 

U
nb

ou
nd

ed
N

O
A

EC
 

U
nb

ou
nd

ed
N

O
A

EC
 

U
nb

ou
nd

ed
N

O
A

EC
 

U
nb

ou
nd

ed
LO

A
EC

 

U
nb

ou
nd

ed
N

O
A

EC
 

U
nb

ou
nd

ed
N

O
A

EC
 

U
nb

ou
nd

ed
LO

A
EC

 

B
ou

nd
ed

 
N

O
A

EC
 

B
ou

nd
ed

 
N

O
A

EC
 

U
nb

ou
nd

ed
N

O
A

EC
 

B
ou

nd
ed

 
N

O
A

EC
 

E
ff

ec
t 

C
on

ce
nt

ra
tio

n 
(u

g/
L

) –
IN

PU
T

 to
 S

V
Po

in
t E

st
im

at
e 

1 1

10
00 10 0.

44
9 

0.
45

 

17
0

34
.1

 

40
0

0.
45

 

10
 

E
ff

ec
t 

C
at

eg
or

y 

R
ep

ro
du

ct
iv

e 

R
ep

ro
du

ct
iv

e 

R
ep

ro
du

ct
iv

e 

B
eh

av
io

ra
l 

B
eh

av
io

ra
l 

B
eh

av
io

ra
l 

B
eh

av
io

ra
l 

B
eh

av
io

ra
l 

B
eh

av
io

ra
l 

D
ev

el
op

m
en

ta
l 

D
ev

el
op

m
en

ta
l 

C
om

m
on

C
he

m
ic

al
 N

am
e 

Si
to

st
er

ol
, b

et
a-

Si
to

st
er

ol
, b

et
a-

Si
to

st
er

ol
, b

et
a-

Tr
ic

lo
sa

n 

Tr
ic

lo
sa

n 

Tr
ic

lo
sa

n 

Tr
ic

lo
sa

n 

Tr
ic

lo
sa

n 

Tr
ic

lo
sa

n 

Tr
ic

lo
sa

n 

Tr
ic

lo
sa

n 

352 



  
 

 
 

 
  

  

 

 

    

   

  

  

  

 
 

 
 

 
 

 

 
 

 
  

 

 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

 
 

 
  

 
 

 
 

 
 

 
 

 
 

 

 
 

 
  

 
 

 
 

 
 

 
  

 
 

 

 
 

 
  

 
 

 
 

 
 

 
 

 
 

 

 
 

 
  

 
 

 
 

 
 

 
 

 
 

 

 
 

 
  

 
 

 
 

 
 

 
  

 
 

 

 
 

 
 

  
 

 
 

 
 

 
 

  
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
  

 
 

 
 

 
 

 
  

 
 

 

A
tta

ch
m

en
t 4

-2
D

. (
Co

nt
in

ue
d)

 

Public ation Year 

20
04

20
02

20
09

20
09

20
12

20
04

20
10

20
12

20
12

20
09

20
12

 

Pu
bl

ic
at

io
n

Pr
im

ar
y

A
ut

ho
r,

L
as

t N
am

e 

Is
hi

ba
sh

i 

O
rv

os
 

O
liv

ei
ra

 

O
liv

ei
ra

 

Sc
hu

ltz
 

Is
hi

ba
sh

i 

R
au

t 

Sc
hu

ltz
 

Sc
hu

ltz
 

O
liv

ei
ra

 

Sc
hu

ltz
 

L
ife

St
ag

e(
s)

 
of

 
E

xp
os

ed
Fi

sh
 

em
br

yo
 

em
br

yo
,

la
rv

a 

em
br

yo
 

ad
ul

t 

ad
ul

t 

ad
ul

t 

ad
ul

t 

ad
ul

t 

ad
ul

t 

ad
ul

t 

ad
ul

t 

Sp
ec

ie
s 

C
om

m
on

N
am

e 

Ja
pa

ne
se

 
M

ed
ak

a 

R
ai

nb
ow

 tr
ou

t 

Ze
br

af
is

h 

Ze
br

af
is

h 

Fa
th

ea
d

m
in

no
w

 

Ja
pa

ne
se

 
M

ed
ak

a 

M
os

qu
ito

fis
h 

Fa
th

ea
d

m
in

no
w

 

Fa
th

ea
d

m
in

no
w

 

Ze
br

af
is

h 

Fa
th

ea
d

m
in

no
w

 

C
om

pr
eh

en
si

ve
SV

L
O

W

Po
in

t E
st

im
at

e
(u

g/
L

) 

0.
39

83
65

7 

0.
17

41
57

3 

0.
76

60
87

8 

0.
29

79
23

1 

0.
00

11
46

6 

0.
34

95
91

4 

0.
25

79
16

2 

0.
00

11
46

6 

0.
00

11
46

6 

0.
17

02
41

7 

0.
00

11
46

6 

UFCC (T able 3-4) 2 2 2 2 2 2 2 2 2 2 2 
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