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Disclaimer

This Presentation does not:

Impose any binding requirements

Determine the obligation of the regulated community

Change or substitute for any statutory provision or regulation requirement
Represent, change or substitute for any Agency policy or guidance

Control in any case of conflict between this discussion and statute,
regulation, policy, or guidance

The views expressed in this presentation are those of the author[s] and do not
necessarily represent the views or policies of the U.S. Environmental
Protection Agency.
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What are Aquatic Life Criteria?

What is an aquatic life criterion?

The highest instream concentration of a toxicant to which organisms can
be exposed for a period of time without causing an unacceptable
adverse effect.

What is it intended to protect?

Aquatic animals (e.g., fish, invertebrates, crustaceans) and plants from
acute and chronic exposure to a toxicant or condition. More to the point,
it is protection of the ecosystem so that it retains its “fishable,
swimmable” designated use(s).
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National Recommended

Water Quality Criteria

Human Health Criteria (Fish consumption)
Aquatic Life Criteria

Acute (Criterion Maximum Concentration)
Chronic (Criterion Continuous Concentration)

Freshwater and Saltwater

National Recommended Water Quality Criteria Human Health
for Arsenic for the
Freshwater Saltwater consumption of
o N .
Priority CAS CMC cce CMC cce Water Organism
Pollutant Number Organism  Only
Arsenic 7440382 340 150 69 36 0.018 0.14

https://www.epa.gov/wqc



Criteria Derivation Overview

Effects Final Acute
Data Acute  ——| Criterionor
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Minimum Data Requirements
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Minimum Data Requirements
(M D RS) (S altwate r) : Images:http://ian.umces.edu/imagelibrary/

Two families in the phylum Chordata:

A family in a phylum other than Arthropoda or Chordata: '

Either the Mysidae or Penaeidae family:

Three other families not in the phylum
Chordata [

=
SIS =)
L

)
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Acute Toxicity Testing

Acute toxicity - 96 hour (4 day) toxicity test for fish or
other invertebrates (or 48 for Daphnia)

* Measured as LC., or EC., (immobilization)

 Lethal concentration [effects concentration] in
which 50% of tested organisms display
lethality/effect
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Acute Test Data Handling

96-hour LC., values from the literature

Concentration:
0.0 ug/L 13 pg/L 25 ug/L 50 ng/L 100 pg/L 200 ug/L

Control 1 2 3 4 5
(10) (10) (8) ©)) (2) (0)

96-hr LCg, = 50 pg/L
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Acute Method - Step 1:

Toxicity Data of Substance

Toxicit Effects Final Acute
y Data Acute Criterion or
Dataof |— — o
Substance (LCoso, Value Criterion
ECso) (FAV) Maximum
| Concentration
; (CMC)
: :
N Water N
Characteristics
(metals, pH,
hardness)

EPA R9 Tribal WQS Academy. March 24, 2012 10



Data Sources and Endpoints

Data is collected from ecological toxicity database (ECOTOX,
maintained by EPA). This is periodically updated, on a
compound specific basis, from open peer-reviewed literature.

ECOTOX is a comprehensive, publicly available
knowledgebase providing single chemical environmental
toxicity data on aquatic life, terrestrial plants and wildlife
(https://cfpub.epa.gov/ecotox/).

The database contains single chemical exposures using
ecologically relevant species.

Main data limitations include reporting effects, concentration

or dose, and exposure duration.

11
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Acute Method (cont'd)

Toxicit Effects Final Acute
y Data Acute Criterion or
Dataof |— LC — - C
Substance (Ecso, Value Criterion
s0) (FAV) Maximum
| Concentration
; (CMC)
: :
N Water .
Characteristics
(metals, pH,
hardness)
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FAV Calculation Overview

Step 1. Calculate Species Mean Acute Values (SMAVS)
- geometric mean of all acceptable acute values
for species

Step 2. Calculate Genus Mean Acute Values
- geometric mean of all SMAVSs for genus

Step 3. Rank Genus Mean Acute Values
- from most sensitive (#1 = lowest concentration to
see an effect) to least sensitive (n)

Step 4. Calculate Final Acute Value Using 4 Lowest GMAVs
(or those GMAVSs closest to the 5™ percentile)
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FAV Calculation - SMAV

Step 1 — Species Mean Acute Value

Daphnia magna EC., 25 ug/L
Daphnia magna EC., 30 ug/L
Daphnia magna EC., 35 ug/L
Daphnia magna EC., 28 ug/L

SMAV = 29 ug/L
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FAV Calculation Overview

Step 1. Calculate Species Mean Acute Values (SMAVS)
- geometric mean of all acceptable acute values
for species

Step 2. Calculate Genus Mean Acute Values
- geometric mean of all SMAVs for genus

Step 3. Rank Genus Mean Acute Values
- from most sensitive (#1 = lowest concentration to
see an effect) to least sensitive (n)

Step 4. Calculate Final Acute Value Using 4 Lowest GMAVs
(or those GMAVSs closest to the 5™ percentile)
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FAV Calculation - GMAV

Step 2 — Genus Mean Acute Value

Daphnia magna SMAV 29 ug/L
Daphnia pulex SMAV 38 ug/L
Daphnia ambigua  SMAV 42 ug/L

GMAV = 36 pg/L
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Summary of steps 1 and 2

Step 1 — Calculate each SMAV (Daphnia magna)

Daphnia magna EC;, 25 ug/L
Daphnia magna EC., 30 ug/L
Daphnia magna EC., 35 ug/L
Daphnia magna EC., 28 ug/L

SMAV = 29 ug/L

Step 2 — Calculate the GMAV (Daphnia)

Daphnia magnha SMAV 29 ug/L
Daphnia pulex SMAV 38 ug/L
Daphnia ambigua SMAV 42 ug/L

GMAV = 36 ug/L

17
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FAV Calculation Overview

Step 1. Calculate Species Mean Acute Values (SMAVS)
- geometric mean of all acceptable acute values
for species

Step 2. Calculate Genus Mean Acute Values
- geometric mean of all SMAVSs for genus

Step 3. Rank Genus Mean Acute Values
- from most sensitive (#1 = lowest concentration
to see an effect) to least sensitive (n)

Step 4. Calculate Final Acute Value Using 4 Lowest GMAVs
(or those GMAVSs closest to the 5™ percentile)
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FAV Calculation - Ranking

Step 3 — Rank (Percentile) Ordering by Sensitivity

RANK GMAV Species SMAV
4 100 Oncorhynchus mykiss 100
3 36 Daphnia ambigua 42
Daphnia pulex 38
Daphnia magna 29
2 25 Gammarus pseudolimnaeus 25
1 19 Hyalella azteca 19
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FAV Calculation Overview

Step 1. Calculate Species Mean Acute Values (SMAVS)
- geometric mean of all acceptable acute values
for species

Step 2. Calculate Genus Mean Acute Values
- geometric mean of all SMAVSs for genus

Step 3. Rank Genus Mean Acute Values
- from most sensitive (#1 = lowest concentration
to see an effect) to least sensitive (n)

Step 4. Calculate Final Acute Value Using 4 Lowest
GMAVs (or those GMAVs closest to the 5t
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FAV Calculation

GMAYV and Calculate the Percentile
of each rank (100 R/(N+1))

e

Supporting Data for V
2000

/ )
| ]
n
1500 -
PO a
1000

pgpuanuEnm = GMAV

500 - - ¢ Chronic Endpoints

Concentration (ug/L)

0 10 20 30 40 50 60 70 80 90 100
\ Rank Percentile

Using the 4 Most Sensitive Genera, Perform a
Log Triangular Regression of the GMAV (log
values) on the Percentile Ranks (square roots) to
generate an HC; = FAV
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Log Triangular Distribution

« Assume the available GMAVs follow a log-triangular
distribution.

« Rank Order the GMAVs — |east to most sensitive

* Assign Ranks (1 to N); Calculate Cumulative Probability
P = R/(N+1)

« Select the 4 GMAVSs closest to 0.05 (often the lowest 4
GMAVSs) — those are used to define the slope of the toxic
response
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FAV Calculation Overview

>
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Criterion Maximum Concentration

(CMC)
Toxicit Effects Final Acute
Y Data Acute Criterion or
Dataof |— LC — -, .
Substance (Ecso, Value Criterion
s0) (FAV) Maximum
i Concentration
; (CMC)
N Water -
Characteristics
(metals, pH,
hardness)
24
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Aquatic Life Criteria: Final Overview

1. Is Toxicity related to WQ Characteristic?

Yes

Develop Equation & Adjust

No

A 4

A 4

2. Check Agreement within Species (if <10x difference proceed)

A

4

3. Check Sensitive Life Stages (use most sensitive life stage)

A

4

4. Calculate Species Mean Acute Values (SMAVs)

A

4

5. Calculate Genus Mean Acute Values (GMAVs)

A

4

6. Rank GMAVs

7. Calculate Cumulative Probability

A

8. Calculate Final Acute Value (FAV )

9. Calculate CMC (CMC = FAV/2)

25
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Species Sensitivity Distribution

Species Sensitivity Distribution (SSD)

Summary of Ranked Lead GMAVs

10000000 Freshwater
-
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=
S a
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5 o qg'b'b‘
3 00 H%%°
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S S
@) %Q
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(T o
5 go9®
S 100 - ]
3 Freshwater Final Acute Value = 36.3 Hg/L dissolved lead at 50 mg/L total hardness

—
Criteria Maximum Concentration = 18.1 ug/L dissolved lead at 50 m g/L total hardness

10
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B Freshwater Invertebrates

Genus Mean Acute Values greshwater Fish
(Cumulative Fraction) 26
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Chronic Criteria Derivation Overview

Water
Acute/ ——-» Characteristics |
_____ Chronic | .. i (metals, pH, i
Ratio | hardness) |
(ACR) - !
. ¢
— Effects Final Criterion
Toxicity Data (growth, Chronic | Continuous
Dataof | 7| reproduction, Value | Concentration
Substance survival) (FCV) (CCQO)
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Chronic Criteria Test Endpoints

« Species-appropriate test durations
 Including full life cycle, early-life stage tests, etc as appropriate

« Endpoints include long term mortality, growth and

reproduction

» Or other endpoints that can be linked to those apical responses
guantitatively

« Test endpoints include NOECs, LOECs, and EC20s
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Chronic Criteria Test Endpoint Calculation

Fathead Minnow Early Life Stage Test: Growth Measured as Length

Chronic Value = 26.8 ug/L
Concentration: (NOEC = 15; LOEC = 30)

Control
0.0 ug/L 3.8 pg/L 7.5 ug/L 15 ug/L 30 pg/L 60 ug/L

Length:

40 mm 41 mm 38 mm 36 Mmm 20 mm 5mm
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Final Chronic Value

Water
-——» Characteristics -
i (metals, pH, i
| hardness) |
| ¢
— Effects Final Criterion
Toxicity Data (growth, Chronic | Continuous
Data of reproduction, Value Concentration
Substance survival) (FCV) (CCCQC)

FCV is calculated in the same manner as with acute criteria:
values are ranked in sensitivity and then a regression is performed on
the 4 most sensitive genera.
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Water Characteristics Affecting Criteria

Toxicit Effects Final Acute
Y Data Acute Criterion or
Dataof |—— > — =
Substance (LCoso, Value Criterion
ECso) (FAV) Maximum
| Concentration
| (CMC)
i "
L, Water _—
Characteristics
(metals, pH,
hardness)
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Water Chemistry Dependency

Example: Cadmium Criteria Equation*

= e (0.9789 x (In Hardness) — 3.866) y CF

where CF (conversion factor from Total to Dissolved)
= 1.136672 — [(In hardness) x (0.041838)]

Hardness (mg/L) Criteria Value (ug/L
dissolved)
25 0.49
50 0.94
100 1.8
200 3.4

* Based on dissolved concentration, 2016 Final Cd criteria document,
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Derivation of FCV when Insufficient Data

.OR ...

Acute-
Chronic
Ratio
(ACR)

v

Toxicity
Data of
Substance

Effects

Data (growth, *

reproduction,
survival)

Water
r-— Characteristics -
i (metals, pH, i
| hardness) |
| !
Final Criterion
Chronic | Continuous
Value Concentration
(FCV) (CCQO)
33
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Acute-Chronic Ratio

Calculating and Applying the ACR

1. Acute & chronic tests using same species in same dilution water
(quidance on test matching and requirements in 1985 Guidelines)

l

2. Use results of tests to calculate Acute-Chronic Ratios (ACR)

Acute Value
Chronic Value

ACR =

3. Develop a Final Acute-Chronic Ratio (FACR) by taking a geometric
mean of the appropriate ACRs (3 minimum)

l

4. Calculate the Final Chronic Value (FCV) using the FACR
Final Acute Value

FACR 34
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Site Specific Criteria (1)

Why would you develop a site-specific criterion?

The sensitivities of the site-specific species differ from the
national data set (e.g., that in the criteria document).

and/or

The physical/chemical characteristics of the site alter the
bioavallability/toxicity of the pollutant.
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Site Specific Criteria (2)

PROCEDURES

If Physical or

Chemical Properties at = = |f Species at Site Are
Site Affect More or Less Sensitive
Bioavailability
| |
Use Water-Effe{:t Ratio (WER) Use Recajcmation
Procedure or a Streamlined Procedure
WER /7 7

If Both of These Conditions Exist

A
Use Recalculation Procedure in Conjunction with Water-
Effect Ratio Procedure or Use Resident Species Procedure

EPA R9 Tribal WQS Academy. March 24, 2012
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BLMs, MLRs, & WERS

« Since the 1990s, the WER has been used to adjust
hardness-based criteria for metals.

* In 2007, the biotic ligand model (BLM) was developed for
copper.

— The BLM models the bioavailability of copper based on 10 water
chemistry parameters (pH, DOC, temperature, alkalinity and 6
geochemical ions (Gl))

— Implementation issues have slowed its widespread adoption and use

* Recently, a multiple linear regression method (MLR) was
developed for aluminum, that simplifies the modeling
necessary based on 3-4 water chemistry parameters.

— EPA published a Final Revised Aluminum (December 2018) based
on 3 water chemistry parameters (pH, DOC, and hardness)
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BLMs, MLRs, & WERS

« EPA recommends the use of the Biotic Ligand Model (BLM) for copper.

« EPA recommends the use of the Multiple Linear Regression (MLR)
approach for aluminum.

* For other metals (Cd, Ni, Pb, Zn), a WER based on appropriately-
conducted studies is still a potential approach for adjusting the respective
hardness-based criteria at a site, until the criteria are updated to reflect
fuller effects of water chemistry through bioavailability modeling ( e.g.,
MLR or BLM).

 EPA has entered into a Cooperative Research and Development
Agreement (CRADA) with 8 metals associations to further the
development of updated aquatic life criteria for the other metals.

— https://www.epa.gov/sites/production/files/2018-01/documents/metals-
crada-summary-2018.pdf
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Criteria Review Process

EPA Review

- Internal Review
- EPA Peer Review
« Data quality of studies used in criteria derivation
* Intra-agency workgroup

- External Review
- External Peer Review (external experts — multiple views)

- Publication of Draft Recommended 304(a) criteria via the
Federal Register

- Request for scientific views on draft criteria from the public via
Federal Register

Publication of Final Recommended 304(a) criteria via the
Federal Register
- Response to Comments Document (Published with Final) -
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State/Tribal Review and Adoption

Process

- State Triennial Review/Adoption of criteria into WQS

- Public comments on draft WQS according to State/Tribal
regulatory adoption process (Administrative Procedure
Act)

- EPA approval of WQS

- WQS implementation — permits, TMDLSs, monitoring and
assessments
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Aquatic Life Exercise

See Exercise 6



Data Table for Mineral X

species Common name SMAV (ug/L) GMAV ACR [taxa

americanus American toad 9805 chordata
Cragonyx pseudogracilis Amphipod 9190 benthic crustacean
Hyalella azteca Amphipod 1455 benthic crustacean
Salmo salar Atlantic salmon 879 salmonid
Salvelinus fontinalis Brook trout 6965 salmonid
Ictalurus punctatus Channel catfish 761 fish
Oncorhynchus tshawytscha Chinook salmon 11827 salmonid
Ceriodaphnia dubia Cladoceran 1718 4.31 |planktonic crustacean
Daphnia magna Cladoceran 12329 planktonic crustacean
Enallagma Damselfly 1075 insect
Pimephales promelas Fathead minnow 14100 6.06 [fish
Lepomis cyanellus Green sunfish 52273 fish
Hyla cinerea Green tree frog 6171 chordata
Rana pipiens Leopard frog 8709 chordata
Tanytarus dissimilis Midge 186860 34.08 linsect taxa 1
Pisidium casertanum Pea cockle 1072 mollusc
Oncorhynchus mykiss Rainbow trout 6901 salmonid
Pisidium compressum Ridged-beak peaclam 1072 mollusc
Hybognathus amarus Rio Grande minnow 25074 fish
Micropterus dolomieui Smallmouth bass 1662 fish
Amnicola limosa Snail 1080 mollusc
Physa Snail 32907 mollusc A9
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1.Are the required eight taxa represented in this dataset?

e m e
i @ B % —

m HOME INSERT PAGE LAYOUT FORMULAS : [‘u&dd Level ]] < Delete Level 1[ E Copy Level | Qptions... 7| My data has headers | § l
| [ From Access ™ [ My [2) Connectioff & MTTA1 Column Sort On Order c

| Bromwes -2 < Le mo ‘ ' BBl - [ vetues B X

From Other Existing Refresh

| [T From Text Sources~  Connections  All~
Get External Data Connections
Y v| 3 fe | Ictalurus
A B C D
1 |Table 1a. Acute Values with Species Mean Acute-Chronic Ratios )
132 Freshwater normalized to a hardness of 50 mg/L [T
{4 Mineral X
| 5 [T species Common name SMAV (ug/L) GMAV ACR taxa
6 |lctalurus punctatus Channel catfish 761| |§sh
7 |Salmo salar Atlantic salmon 879] ! I 1 .
8 [Pisidi Pea cockle 1072 [mol S | d
9 |Enallagma Damselfly 107_5-! insect " a monl
10 |Amnicol; limos. Snail 1080 moll .
1 Pisidliu‘:na l j Ridged-beak peacl 1110 fikc 2 2nd F|Sh
12 |[Hyalella azteca Amphipod 145 benthic crustacean -
13 |Micropt dolomieui Smallmouth ba 166. fish
14 C:;crif:daemr:a du;:u = Cladoceran - 1718 4.31|Esanktonic crustacean 3 . Chord ate
15 |Hyla i Green tree frog 6171 chordata
16 | Oncorhynch ki Rainbow trout 6901 Imonid H
e e o83 S 4. Planktonic crustacean
18 |Rana ipiens Leopard frog 709 chordata
19 |Cragon! ud ilis__|Amphi 190! benthi tace 1
e Sing s 5. Benthic crustacean
21 |Oncorhynchus |tshawytscha _[Chinook salmon 11827, |salmonid
22 | Daphni Cladoc 12329 ktoni stac
23 ﬁgr?enm'aa!es mgmn:las thea:ﬁnnow :100 6.06! ﬁs:" S 6 . I nseCt
24 | Acronuria S?oneﬂ_y - 23627 insect . .
2|thomats fomaus | Gondl mbwow_|__ 2014 l 7. Rotifer/annelid/mollusc
27 |Lepomis cyanellus Green sunfish 52273 fish 8 O .
28 |Tanvt dissimili Midge 186860 34.08insect taxa 1 h / II
z : — . Other Insect/mollusc
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2. What Is the N for this data set?

Bl L — ==

H - :

FILE HOME INSERT PAGE LAYOUT FORMULAS l *Ql Add Level J[ < Delete Level H E Copy Level Jl [V] My data has headers
[[@ From Access "771 = ﬂ % [2] Connections Column Sort On Order 2 I
(3 From Web LS Sortby | Genus [w] values [»] Atoz [+]

From Other Existing Refresh
[ty From Text Sources~  Connections | All~
Get External Data Connections
A6 | £ S Acronuria
A B € D

1 Table 1a. Acute Values with Species Mean Acute-Chronic Ratios
2 |Freshwater normalized to a hardness of 50 mg/L.

3

4 Mineral X

5

6 |Acronuria | Stonefly 23627 insect

7 |Amnicola limosa Snail 1080 mollusc H

8 |Bufo americanus American toad 9805 chordata Number (N) |S the number Of GMAVS
9 |Ceriodaphnia |dubia Cladoceran 1718 4 .31|planktonic crustacean

10[Cragonyx___|pseudogracilis_|Amphipod 9190 benthic custacean | (SN AV = genus mean acute values
11 |Daphnia magna Cladoceran 12329 planktonic crustacean

12 |Enallagma Damselfly 1075 insect

13 |Hyalella azteca Amphipod 1455 benthic crustacean

14 |Hybognathus [amarus Rio Grande minnow 25074 fish

15 |Hyla cinerea Green tree frog 6171 chordata

16 |Ictalurus punctatus Channel catfish 761 fish

17 |Lepomis cyanellus Green sunfish 52273 fish

18 |Micropterus  |dolomieui Smallmouth bass 1662 fish

19 |Oncorhynchus [mykiss Rainbow trout 6901 salmonid

20 |Oncorhynchus |tshawytscha  [Chinook salmon 11827 salmonid

21 |Physa Snail 32907 mollusc

22 |Pimephales  |promelas Fathead minnow 14100 6.06(fish

23 |Pisidium casertanum Pea cockle 1072 mollusc

24 |Pisidium compressum __|Ridged-beak peaclam 1110 mollusc

25 |Rana pipiens Leopard frog 8709 chordata

26 |Salmo salar Atlantic salmon 879 salmonid

27 |Salvelinus |fontinalis Brook trout 6965 salmonid

28 |Tanvtarus |dissimilis Midge 186860 34.08|insect taxa 1 4 4
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Questions 4 and 5

4 & 5. What is the most/least sensitive Genus?

Most = Ictalurus Least = Tanytarus

Table 1a. Acute Values with Species Mean Acute-Chronic Ratios. o it
Freshwater normalized to a hardness of 50 mg/L. Sort H ? ? ? R B
Mineral X *A] Add Level l [ < Delete Level ] [ E Copy Level ]l Options... [¥] My data has headers
) us spes mmne SMAV tugi GMA Column Sort On Order
V SCaTr:'Ij:js ::]nar us Nl::::: scalmfm 379 8?9 | Sortby | Gmav B Values B Smallest to Largest E‘
Enallagma Damselfly 1075 1075]
Amnicola limosa Snail 020 080|
Pisidium casertanum Pea cockle ' 3]
Hyalella azteca Amphipod : 455]
Micropterus  |dolomieui Smallmouth bass 1662|  1662|
Ceriodaphnia _[dubia Cladoceran 1718  1718]
Hyla cinerea Green tree frog 6171 6171 I
Salvelinus fontinalis Brook trout 6965| 6965
Rana I_pipiens Leopard frog A7 809 (ox ) [ conce
Oncorhynchus |mykiss Rainbow trout 6o 4 95|% r .
Cragonyx pseudogracilis  |Amphipod 9190 9190 benthic crustacean
Bufo americanus American toad 9805 9805 chordata
Daphnia magna Cladoceran 12329| 12329 planktonic crustacean
Pimephales  |promelas Fathead minnow 14100] 14100| 6.06/fish
Acronuria Stonefly 23627| 23627 linsect
Hybognathus |amarus Rio Grande minnow 25074 25074 fish
Physa Snail 32907 32907 [mollusc
» Lepomis cyanellus Green sunfish 52273| 52273 [fish
1 YTanytarus dissimilis Midge 186860 186860( 34.08|insect taxa 1
¥ Pisidium compressum  |Ridged-beak peaclam 1110 mollusc
Oncorhynchus [tshawytscha Chinook salmon 11827 salmonid
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Questions 6 and 7

6 & 7. What are the FAV & CMC?

Criteria Calculator

| BoryMium - 7440417 El
£10 M F= || ~GEOMEAN(D10,027) Red fields are for data entry. Results are in green highlighted boxes after input.
A B C D E
1 |Table 1a. Acute Values with Species Mean Acute-Chronic Ratios. 1. Recalculate the FAV & CMC from GMAVs
2 |Freshwater normalized to a hardness of 50 mg/L. | Instructions: enter N (number of acceptable GMAVs) and the 4 GMAVs that have cumulative probabilities (P) close
3 < N If NV < 59, these are the four lowest GMAVs. N must be 2 8 (see User Manual for addional details). Red cells
4 |Mineral X P Y Input
: T DR i e e e
6 |lctalurus punctatus Channel catfish 761 761 3 = 1 % 63 2402 0,045 0215 I.
7 |Salmo salar Atlantic salmon 879 879 o5 2 678 4595 0.091 0302
8 |Enallagma Damselfly 1075 1075 e 3 6.98 4872 0.136 0.369
9 |Amnicola limosa Snail 1080 L 1080 5te 3 6.98 4379 0.182 0.426
10 |F'i5ic|ium casertanum Pea cockle <720 1080.83 e 2738 187.48 045 131
11 Hyalella azteca Amphipod 1455 1455 ‘ ' ’ ‘ '
12 Micropterus dolomieui Smallmouth bass 1662 1662 =342
13 |Cericdaphnia  |dubia Cladoceran 1718 1718 S=185
14 Hyla cinerea Green tree frog 6171 6171 L=624
15 Salvelinus_[fontinalis Brook trout 6965] 6965 AnG6
16 |Rana pipiens Leopard frog 8709 8709 Recalculated FAV and CMC: FAV = 774.5240
17 |Oncorhynchus |mykiss Rainbow trout 6301[ 9034 28 CMC = 387.2620
18 | Cragonyx pseudogracilis  |Amphipod 9190 9190
19 Bufo americanus American toad 9805 9805
20 |Daphnia magna Cladoceran 12329] 12329
21 |Pimephales promelas Fathead minnow 14100) 14100 FAV — 7 75 C M C j— 38 7
22 |Acronuria Stonefly 23627 23627
23 |Hybognathus  |amarus Rio Grande minnow 25074) 25074
24 Physa Snail 32907 32907
25 |Lepomis cyanellus Green sunfish 52273 52273
26 |Tanytarus dissimilis Midge 186860| 186860
27 |Pisidium compressum  |Ridged-beak peaclam 1110
28 |Oncorhynchus |[tshawytscha Chinook salman 11827
0

EPA R9 Tribal WQS Academy. March 24, 2012 47



Questions 8 and 9

8. What is the FACR? 9. What is the CCC (chronic)?
FACR = 9.6 CCC =805

A B C

rInput f
. N GMAV Rank In(GMAV)  In(GMAV) P=R/(N-1) sqrt(P)
Geometric Mean Calculator e e e
r 3 - . 879 2 6.78 45.95 0.051 0.302
Enter values into the red rows below. Res prce I cos e o osee
1080 4 6.98 48.79 0.182 0.426
Sum: 27.38 187.48 0.45 131
§=342
§=185
L=624
A=6.65

Recalculated FAV and CMC: FAV = 7745240
CMC = 387.2620

@ (automatic)

2(b). Recalculate the CCC from the final ACR
Instructions: enter the acute-chronic ratio (ACR) in red colored cell

Input: Final ACR

Recalculated CCC: CCC= 80.5169
(Estimated as FAV/ACR)

9.6194

EPA R9 Tribal WQS Academy. March 24, 2012 48



