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Navigating Zoom features
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• Chat
• Raise hand &

Reactions
• CC Live Transcript

If you CALLED into the meeting here are tools to participate:  
*6 - Toggle mute/unmute      *9 - Raise/lower hand



Aquatic Life Toxics Rulemaking
Methods Overview and Status Update
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Today’s Goals
• Provide an understanding of deriving aquatic life toxics 

criteria including model-based criteria
• Discuss Clean Water Act versus Endangered Species Act 

protection levels in context of criteria development
• Discuss our preliminary approach to criteria development for 

pollutants with Endangered Species Act jeopardy calls
• Provide a preliminary overview of the strategy for this rule 

and discuss key notes
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Tentative Timeline
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June 2022

Announced 
rulemaking: 
Begin outreach 
and develop 
criteria

Oct 2022

Introductory webinar: 
Provide overview of the 
rule and gauge interest 
and concerns

Fall 2023

Preliminary decisions 
webinar: 
Provide preliminary 
proposal and receive 
feedback

Winter 2023

Rule proposal: 
Announce draft 
rule, public 
comment period, 
and hearings 

Spring 2024

Rule adoption: 
Make decision 
on rule adoption 

April 2023

Status update 
webinar: Discuss 
derivation process 
and the direction of 
the rule



Deriving Criteria
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Background



Terms for Criteria Development
• Definitions:

• Median lethal concentration (LC50): exposure concentration that results in 50% 
mortality of organism tested

• No observed effect concentration (NOEC): lowest concentration that results in no 
statistical difference compared with controls

• Lowest observed effect concentration (LOEC): lowest concentration that results in a 
statistically significant difference compared with controls 

• Maximum acceptable toxicant concentration (MATC): geometric mean of NOEC and 
LOEC

• Acute to chronic ratio (ACR): ratio of acute toxicity value (e.g., LC50) to the chronic 
toxicity value (e.g., MATC)



Acute vs. Chronic Toxicity Tests
• Two test types for criteria development

• Standard acute testing
• Evaluates survival only
• Duration: 2 days (invertebrates) to 4 days (vertebrates)
• Limited relevancy to real world and relatively cheap
• Endpoint: median lethal concentration (LC50)

• Standard chronic testing
• Evaluates growth, reproduction, and/or survival
• Duration: varies (>7 days)
• Expensive and time consuming
• More ecologically relevant
• Endpoints: no observed effect level (NOEC) and lowest observed effect level (LOEC)



Acute Value Determination



Chronic Value Determination

No differenceStatistical difference
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Deriving Numeric Aquatic Life Toxics Criteria

• Methods developed by EPA in 1985
• Toxicity data for a minimum of 8 taxonomic families
• Criteria must be based on high quality studies

• Important testing details:
• Water quality conditions (e.g., hardness, pH, DO, temperature, DOC)
• Appropriate test design (delivery of test solution, test concentrations, replicates, flow 

volume, handling, etc...)
• Control survival
• Chemical purity
• Test organism age and feeding regime
• Dilution water
• Measured analytical chemistry (acute optional; chronic required)
• North American resident species and sensitive life stages



Taxonomic Classification

Common Name: Rainbow Trout
Family: Salmonid
Genus: Oncorhynchus
Species: mykiss



Minimum data requirements for freshwater
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Toxicity values 
from 8 different 
families



Minimum data requirements for saltwater
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Toxicity values 
from 8 different 
families



Derivation Procedure
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Aquatic Life Toxics
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SMAV = species mean acute value
GMAV = genus mean acute value

1. Calculate species mean 
acute value (SMAV)

2. Calculate genus mean 
acute values (GMAV)

3. Rank genus mean 
acute values (GMAV)

4. Determine 5th

percentile of the 
species sensitivity 
distribution and apply 
safety factor



Derivation Process: Step 1
• Calculate Species Mean Acute Values (SMAVs)

• Geometric mean of all acceptable acute values for a species

• Example
• Study #1: Daphnia magna LC50: 0.6 ug/L
• Study #2: Daphnia magna LC50: 1.7 ug/L
• Study #3: Daphnia magna LC50: 1.0 ug/L

• SMAV = 1.0 ug/L
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1. Calculate species mean 
acute value (SMAV)

2. Calculate genus mean 
acute values (GMAV)

3. Rank genus mean 
acute values (GMAV)

4. Determine 5th

percentile of the 
species sensitivity 
distribution and apply 
safety factor

SMAV = species mean acute value
GMAV = genus mean acute value

Step 1



Derivation Process: Step 2 
• Calculate Genus Mean Acute Values (GMAVs)

• Geometric mean of all species within a genus

• Example
• Daphnia magna SMAV = 1.0 ug/L
• Daphnia reticulata SMAV = 2.8 ug/L
• Daphnia pulex SMAV = 8.0 ug/L

• GMAV = 2.82 ug/L



Species to Genus

Daphnia magna

Daphnia pulex

Daphnia reticulata

Daphnia sp.

Individual species

Individual genus
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SMAV = species mean acute value
GMAV = genus mean acute value

Step 2Step 1
1. Calculate species mean 

acute value (SMAV)

2. Calculate genus mean 
acute values (GMAV)

3. Rank genus mean 
acute values (GMAV)

4. Determine 5th

percentile of the 
species sensitivity 
distribution and apply 
safety factor



Step 3: Rank GMAVs
Rank GMAV SMAV (LC50 – ug/L) Species
1 2.82 1 Daphnia magna (3)

2.8 Daphnia reticulata
8 Daphnia pulex (5)

2 5 5 Fathead minnow
3 11 10 Rainbow trout (Oncorhynchus mykiss)

12 Cutthroat trout (Oncorhynchus clarkii) 
4 25 25 Bluegill 
5 100 100 Oyster (Crassostrea virginica)
6 140 140 Mayfly
7 160 160 Stonefly
8 500 500 Mosquitofish
9 2,000 2,000 Tree frog
10 100,000 100,000 Tubifex worm



Derivation Process: Step 3
Identify four lowest GMAVs

Rank GMAV SMAV (LC50; ug/L) Species

1 2.82 1 Daphnia magna

2.8 Daphnia reticulata

8 Daphnia pulex

2 5 5 Fathead minnow 

3 11 10 Rainbow trout (Oncorhynchus mykiss)

12.1 Cutthroat trout (Oncorhynchus clarkii)

4 25 25 Bluegill

n=10 (number of total GMAVs in this example)



24
SMAV = species mean acute value
GMAV = genus mean acute value

Step 1 Step 2

Step 3

1. Calculate species mean 
acute value (SMAV)

2. Calculate genus mean 
acute values (GMAV)

3. Rank genus mean 
acute values (GMAV)

4. Determine 5th

percentile of the 
species sensitivity 
distribution and apply 
safety factor



Derivation Process: Step 4
• Apply regression to GMAVs and calculate 5th percentile

• Final Acute Value (FAV) = 5th percentile = 1.37 ug/L

• Criterion Maximum Concentration (CMC) = FAV /2 = 0.68 ug/L
• CMC = acute criterion



Apply Regression to GMAVs
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5th percentile
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SMAV = species mean acute value
GMAV = genus mean acute value

Step 1 Step 2

Step 3

Step 4
1. Calculate species mean 

acute value (SMAV)

2. Calculate genus mean 
acute values (GMAV)

3. Rank genus mean 
acute values (GMAV)

4. Determine 5th

percentile of the 
species sensitivity 
distribution and apply 
safety factor



EPA Method Alternatives
• How to develop chronic criteria when toxicity values for 8 

families are not available? 
• Calculate acute to chronic ratios (ACR) to extrapolate chronic criterion 

from acute criterion

• Example calculation of ACR: 
• Acute 48-hour LC50: 20 ug/L (acute toxicity value)
• 7-day chronic NOEC: 5 ug/L
• 7-day chronic LOEC: 10 ug/L
• MATC: 7.1 ug/L (chronic toxicity value)

ACR = LC50/MATC = 20/7.1 = 2.8



Acute to Chronic Ratios (ACR)
• Need a minimum of 3 ACRs to calculate chronic criterion

• Study #1 ACR: 2.8 (Rainbow trout)
• Study #2 ACR: 3.2 (Daphnia magna)
• Study #3 ACR: 1.5 (Fathead minnow)
• Mean ACR = 2.4

• Final Acute Value (FAV) = 1.37 ug/L (from previous example)

• CCC = FAV/ACR = (1.37/2.4) = 0.57 ug/L (chronic criterion)

CCC = criterion continuous concentration = chronic criterion



Model-based Criteria
Introduction



Overview of Models to Develop Criteria
• Basis:

• Toxicity of some chemicals are dependent on water quality conditions
• Site-specific water quality information used in models to predict toxicity
• BLM/MLR models evaluate the bioavailability of metals in aquatic 

environment to bind to aquatic life based on water quality

• BLM (biotic ligand model)
• Based on 12 parameters: pH, dissolved organic carbon (DOC), calcium, 

magnesium, sodium, potassium, sulfate, chloride, alkalinity, temperature, 
humic acid (not required), and sulfide (not required)

• MLR (multiple linear regression) model
• Based on 3 parameters: hardness (Ca + Mg), pH, and DOC
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Conceptual Diagram for MLR/BLM



Criteria Protection Levels
EPA Standard Methods



EPA Criteria Target:
Protect 95% of species 99% of the time

More sensitive than average More resistant than average

potential



Endangered Species Act 
Consultation
Overview and Strategy



Endangered Species Act Consultation
• EPA approves water quality standards for CWA

• EPA sends state rules to NOAA/USFWS for 
Endangered Species Act (ESA) consultation

• NOAA/USFWS evaluate if rule will adversely affect 
endangered species

• Possible outcomes: acceptance, conditional 
acceptance, or jeopardy

• Clean Water Act vs. Endangered Species Act
• Some of EPA’s CWA recommendations are not 

protective of particular endangered species 
• Ecology may need to develop state-specific criteria 

that better align with endangered species protection
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CWA vs. ESA
• EPA methods for aquatic life criteria development allow for some harm or 

even loss of the most sensitive species
• Aquatic life criteria aim to protect 95% of species 99% of the time (i.e., 

protects species richness of aquatic communities at 95th percentile level)
• EPA guidance states that individual organisms and sensitive populations do 

not necessarily need to be protected and local extirpation of species is 
considered acceptable unless societally important

• ESA mandate requires protection of species from extinction and work 
toward their recovery

• ESA species have little resilience and are expected to die out without 
intervention. Law requires that federal agencies use their authorities to avoid 
taking actions that could jeopardize the continued existence.
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Decisions on Approach
Preliminary Results



Tentative Strategy for ESA issues
• Review new science and/or derive criteria from 1st percentile 

of toxicity data distribution for toxics not meeting ESA 
requirements and adopt EPA recommendations for all other 
toxics

• Protect 99% of species
99% of the time
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1%
X potential



Preliminary approach to 144 criteria
• 64 out of 144 (46%) criteria we are considering no action

• 47 out of 144 (33%) criteria we are considering adopting EPA 
recommendations

• 25 criteria are new to WA

• 7 out of 144 (5%) criteria we considering not adopting any criteria 
(i.e., no scientific basis; doesn’t meet MDRs)

• 1 out of 144 criteria- considering a new criterion specific to WA 
(i.e., silver FW chronic)
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Preliminary approach to 144 criteria
• 22 out of 144 (15%) criteria have jeopardy calls in 

Oregon/Idaho with similarly listed species
• 36% of jeopardy criteria meet ESA using new science
• 77% jeopardy criteria meet ESA using new science and 1st percentile
• 86% jeopardy criteria meet ESA using all methods (incl recalculation 

of old data)
• Possible unresolved ESA issues with cyanide FW acute, mercury FW chronic, 

and arsenic FW chronic (ongoing work on these three criteria)
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Preliminary Strategy for ESA Issues
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State-Specific Criteria
New Science New Science & 1st Percentile
Chromium III (FW) Arsenic (FW)
Chromium VI (FW) Cadmium (FW)
Nickel (FW) Lead (FW)
Pentachlorophenol (FW) Silver (FW)

Zinc (FW)
Cyanide (FW)
Nonylphenol (FW & SW)



Considering New Toxics in WA Standards
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Toxic Substance EPA Last Updated
Acrolein 2009
Aluminum 2018
Carbaryl 2012
Demeton 1985
Diazinon 2005
Guthion 1986
Malathion 1986
Methoxychlor 1986
Mirex 1986
Nonylphenol 2005
Perfluorooctanoic acid (PFOA) 2022 (draft); final draft April 2023
Perfluorooctane sulfonate (PFOS 2022 (draft); final draft April 2023
Tributyltin 2004



Key Notes on Progress
• Considering new science & novel methods to protect ESA listed species

• Leaning towards copper MLR model vs. EPA recommended BLM
• Making progress on statewide default inputs for the MLR model

• Considering not adopting Iron, Hydrogen Sulfide, Heptachlor Epoxide (i.e., no 
scientific basis; not in WA standards)

• Evaluating possibility of FW chronic silver & FW acute 6-PPDq criteria

• May defer ESA issues on Mercury/Cyanide by adopting EPA recommendations
• EPA currently working on new national mercury criteria and potentially WA specific cyanide 

criteria in the future
44
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Questions?

Bryson.finch@ecy.wa.gov 
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