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Metals Overview

Metals are ubiquitous
Your tesfs indicate

sources anwsually high fevels
of copper, zinc, and
— Naturally occurring nickel...

— Industrial water

— Domestic water

Chemistry is complex
— Bioavailable?
— What affects toxicity?

Metals monitoring becoming
more prevalent in permits

Site specific data allows a better
understanding of bioavailability
and toxicity
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. Copper Limits

* Facilities may struggle to meet increasingly
more stringent limits.

20 ® o

Copper (micrograms per liter)

Jan-09 Jan-10 Jan-11 Jan-12 Dec-12 Dec-13 Dec-14
@® Total Copper © Dissolved Copper — — Draft Average Monthly Limit



. Reductionin | Monthly |Reductionin
Effluent Maximum !
Issuance Parameter Dailv Limit Maximum Average Monthly
Year y Daily Limit Limit Average Limit

999 46 - - —
008 Copper pg/l 196 57.39% 9.8 -
014 16.9 13.78% 7.8 20.41%

2017 (Draft) 16.7 1.18% 6.3 19.23%

That’s about 7.5 pennies a day at
design flow!
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Missouri’s Criteria - Copper

« 2005 - MDNR adopts EPA Copper criterion
— Hardness equations

« 2007 — EPA publishes freshwater AQL for copper
— Change from hardness to BLM

Office of Water EPA-822-R-07-001

United States
February 2007

Environmental Protection 4304T
Agency

<EPA  AQUATIC LIFE AMBIENT
FRESHWATER QUALITY
CRITERIA - COPPER

2007 Revision



P UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
3 3 REGION 7

o 11201 Renner Boulevard
iﬁ,_?:ff% Lenexa, Kansas 66219
1 4 MAY 2015

Ms. Sara Parker Pauley, Director

Missouri Department of Natural Resources
P.0O.Box 176

Jefferson City, Missouri 65102

Dear Ms. Pauley:

On March 19, 2014, the U.S. Environmental Protection Agency received a submittal of new and revised
water quality standards from the Missouri Department of Natural Resources.! The new and revised
WQS were approved by the Missouri Clean Water Commission on November 6, 2013, were published
in the Code of State Regulations on January 29, 2013, and became effective under state law on February
28, 2014. The submittal package included a certification letter from the Missouri Attorney General's
Office, dated January 13, 2014,

On October 22, 2014, the EPA acted on the following components of the WQS submittal:

(1) The renaming/redefining of the uses applied by Missouri for the protection and propagation of
fish, shellfish and wildlife;

(2) New regulatory language identifying categories of lakes and streams in Missouri designated for
the beneficial uses discussed in section 101(a)(2) of the Clean Water Act (i.e., "fishable and
swimmable" uses) and other designated uses;

(3) The adoption of the Missouri Use Designation Dataset (MUDD, version 1.0) as well as certain
terms and definitions applicable to this dataset;

(4) Revisions to Table G and Table H reflecting the results of recent use attainability analyses and the
adoption of MUDD,

This letter addresses three additional elements in the state’s WQS submittal, all bearing on the
development and application of site-specific criteria for the protection and propagation of fish, shellfish
and wildlife. These elements include:

(1) 10 CSR 20-7.031(5)(S)1.B, a revised provision describing some of the physical and chemical
factors that may be considered by the state in the development of site-specific criteria and
including a new reference to water effect ratios (WERs);

1 Some supporting electronic files were inadvertently omitted from the original WQS submittal package. These files were
subsequently forwarded by the MDNE, arriving at the EPA regional office in Lenexa on or before June 9, 2014,

Prinled an Recycled Paper

2015 — EPA approves Missouri WQS including

provisions for site-specific adjustments m

(2y 10 281 Zu-1. 20 H(S3)(0)2.A, a vevised bow rision .denifyiug nuaee additional guidasce Jocuments
useful in the development of site-specitic criteria and establishing that the methods and
procedures described in these documents are acceptable for use in Missouri’;
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(3) 10 CSR 20-7.031(5)(S)2.B, a new provision incorporating the documents identified at 10 CSR 20-
T.031(5)(S)2.A by reference and requiring that the methods and procedures described in these documents
be applied in the development of site-specific criteria for the protection and propagation of fish, shellfish
and wildlife.

The EPA has completed its review of 10 CSR 20-7.031(5)(S)L.B, (5)(5)2.A and (5)(5)2.B, finds that
these new and revised provisions comport with the requirements of 40 CFR 131.11, and hereby
approves these provisions. This approval provides the state with additional options for developing and
implementing site-specific criteria, especially when these criteria are based on WERs. As noted in one
of the guidance documents adopted by the state (EPA-822-R-01-005):

WER-based site-specific criteria provisions are subject to EPA review under Section 303(c) of the
Clean Water Act and its implementing regulations at 40 CFR Part 131. This can be structured in
two ways.

1. A state may submit each individual determination of a WER-based site-specific criteria value to the
EPA for review and approval.

2. A state may incorporate WER adjustment provisions into its water guality standards, submitted to the
EPA for review and approval. Once the provisions are in place, the results of each site-specific
application of the procedure would be subject 1o public participarion regquirements, bur would not be
submitted for further Section 303(c) review.

In all cases, it should be noted that the WER derivation is part of the standards setting process. In
the absence of an appropriate specification of the site criterion, WERs are not used for adjusting
reasonable potential calculations, wasteload allocations, or permit limits.

Because the state has adopted EPA-822-R-01-005 and the adjustment provisions (methods and
procedures) described therein by reference, it has placed itself in a position to apply WERs for
discharges of copper using either the first or second option, above. The EPA emphasizes that if the state
elects to use the second option, it must rigorously adhere to (1) the methods and procedures described in
EPA-822-R-01-005, and (2) all applicable water quality certification and public participation
requirements for discharge permits established pursuant to sections 401 and 402 of the Clean Water Act.

WER-based copper criteria developed and adopted by the state pursuant to the second option, above, are
not required to undergo further section 303(c) review. In contrast, all other forms of site-specific criteria
developed and adopted by the state must be submitted to and approved by the EPA on a case-by-case
basis prior to becoming effective for CWA purposes.

‘The EPA appreciates Missouri's continuing efforts to protect and restore water quality and its overall
commitment to the triennial WQS review and revision process. We look forward to working with the
MDNR, the Commission and interested stakeholders on future WQS revisions. Should you have any
questions or comments regarding today's action, please contact John DeLashmit, Chief, Water Quality
Management Branch, at (913) 551-7821.

2 These documents include: (1) Interim Guidance on Determination and Use o Sincerely, .
(EPA-823-B-94-001) as modified in 1997, (2) Streamlined Water-Effect Ratio 1 / A
822-R-01-005); (3) Aquatic Life Ambient Freshwater Quality Criteria - Coppei 7
2 Karen A. Flounmoy
Director
Water, Wetlands and Pesticides Division

ce: Mr. John Madras, MDNR

GEOSYNTEC CONSULTANTS M Corey Baffo, EPA HQ



2017 MDNR publishes guidance for

compliance with metals limits
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METALS EFFLUENT LIMITATIONS: PATHWAYS TOWARD
COMPLIANCE

Missouri Department of Natural Resources

Water Protection Program fact sheet 01/2017
Division of Environmental Quality Director: Ed Galbraith PUB02710
Background

It is not une for a facility to have metals monitoring or limitations included in its

Missouri State Operating Permit. Usually these monitoring requi orli are included as a result of
known industries identified in an operating permit application or as the result of expanded effluent testing where
required.

Municinal

P facilities. are often not designed for metals removal as metals are not a significant
constituent in d ic or icipal However, metals can make their way into a wastewater
collection system through a variety of sources such as industrial and ial i hrough inflow and
infiltration in the collection system, source water contamination and even drinking water distribution systems. Itis
important to identify the sources of metals in the collection system in order to effectively mitigate the problem
before the metals reach the wastewater treatment facility. Effectively managing and removing the metals prior to
the water treatment plant is generally more affordable than the construction and operation of metals removal
technologies prior to discharge.

Sources and Mitigation
In most cases, metals contribution 1o a wastewater treatment plant is the result of industrial processes such as a
metal plating facility. Routine evaluation of all ial and industrial users in the community should be

d to d ine what pollutants may be introduced to the system. This may include metals
monitoring throughout the collection system to possibly identify metals sources, industrial or not, that may not be
obvious from the outside. The development of local and enfi ble ordi that prohibit these disch to the
sanitary sewer or a pretreatment program are other options for eliminating metals from the waste stream before they
are introduced to the system.

As Inflow and Infiltration (1&L) into the sewer collection system allows excess water to make its way into collection
system through cracks, crevices and damaged parts of infrastructure, contaminants present in the soil and

ding envi may be introduced to the system that otherwise would not be. Being able to quantify
metals concentrations of a treatment plant's influent and correlating those concentrations to periods of wet weather
may solidify 1&1 as being the contributing factor. In these cases, a facility may wish to prioritize available funds or
funding opportunities to reduce 1&1 verses treatment technologies.

In certain parts of the state, drinking water sources for the area served by the wastewater facility should be evaluated
for any metals present. Metals present in drinking water wells should be addressed as these metals will inevitably
end up being received by the wastewater system. Drinking water sources need to then be evaluated for the
possibility of treatment prior to distribution or in some cases perhaps the construction of 2 new well may be a more
financially achievable option than wastewater treatment. Additionally, and although the source water may not have
significant metals concentrations, its characteristics may increase the leaching of metals from drinking water
distribution pipes which then makes their way to the wastewater treatment facility after use. In these cases,
treatment of the drinking water in combination with a routine distribution system mai program, including
periodic or increased flushing of the system, may be sufficient to reduce metals loading to the wastewater treatment
facility.

https://dnr.mo.gov/pubs/pub2710.htrm
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If mitigating the issue at the source is determined not to be a practical solution, the development of site specific
water quality criteria may be of some benefit. Toxicity or bioavailability of a specific metal is based on several
factors including, but not limited to hardness, pH and conductivity.

Missouri Regulation 10 CSR 20-7.031 allows for the development of site-specific criteria, including but not limited
to. water effects ratio and metal translator studies.

A water affects ratio compares the toxicity of a material obtained from onsite water divided by the same measure of
the toxicity of the same material obtained simultaneously in a laboratory setting. A metal translator study may also
be utilized to establish site-specific criteria. A translator study is used to translate the dissolved fraction of a metal
to total recoverable. This conversion is necessary as water quality criteria are reflective of the dissolved portion a
better representation of aquatic life toxicity in a receiving stream’s water column, while cffluent limitations are, for
the most part, required to be represented as total recoverable per 40 CFR 122.45(¢).

Guidance d for establishment of site specific criteria include but are not limited to the following:

« U.S. Environmental Protection Agency Interim Guidance on Determination and Use of Water-Effect Ratios
for Metals (EPA-823-B-94-001) and subsequent 1997 madifications:

« U.S. Environmental Protection Agency Streamlined Water —Effect Ratio Procedure for Discharges of Copper
(EPA-822-R01-005):

« U.S. Environmental Protection Agency Water Quality Standards Handbook, Second Edition, August 1994;

+ U.S. Environmental Protection Agency Aquatic life ambient freshwater quality criteria- Copper 2007
Revision (EPA-822-R-07-001), and

« U.S, Environmental Protection Agency The Metal Translator: Guidance for Calculating a Total Recoverable
Permit Limit From a Dissolved Criterion June 1996 (EPA-823-B-96-007).

In order to develop site specific water quality criteria the permittee must submit a Quality Assurance Project Plan
(QAPP). Prior to conducting a study, the QAPP must be submitted for review and approval by the Department of
Natural Resources’ Water Protection Program.

Nothing in this document may be used to impl t any enfor
promulgated by rule under chapter 536 or authorized by statute.

t action or levy any penalty unless

For more information

Missouri Department of Natural Resources
Water Protection Program

P.O. Box 176

Jefferson City, MO 65102-0176
800-361-4827 or 573-751-1300

htp://dar.mo.gov/enviwpp




2019 MDNR WQS Work Group

~|  Missouri Department of Natural Resources
— == Water Protection Program
é @ Water Quality Standards Workgroup Meeting Agenda

Lewis and Clark State Office Building — Nightingale Conference Room
Call-in Number: 877-749-7113
Participant Code: 51724

August 6, 2019
1:00 p.m. - 3:00 p.m.

AGENDA
Purpose. The Department is continually working to improve Missouri’s water quality standards
to best reflect the most recent science and regulatory obligations extended to Missouri’s waters.

This workgroup will provide input and assistance to the Department in developing and refining
appropriate water quality standards for the protection of Missouri’s streams. lakes. and wetlands.

1. Introductions

[ ]

Aluminum Criteria Revisions
3. Chloride plus Sulfate — 60Q10 Revision

4. Acute Cadmium Criteria Revisions

|_S—B1otic Ligand Model (BLM) replacing Water Effects Ratio (WER) for the Development 6T ——
< Site-Specific Copper Criteria >
\ I
6. Discussion




Missouri’'s Current Copper Criteria Tend to

be Overprotective S
' e Hardness Based

« Does not address all water
chemistry factors affecting
bioavallability

| -

@ 30

s

7/19 9/7 10/27 12/16 2/4 3/26 5/15 7/4 8/23
—e—Hardness CCC —=-BLM CCC



EPA Criteria Studies

e Conducted in
lab water

« May not fully
capture a site’s
chemistry affects

GEOSYNTEC CONSULTANTS



- Current Site Specific Adjustments

 Conduct data collection to improve the site-specific
accuracy of water quality based permit limits by:

less complex - Characterizing Hardness Regime

- Biotic Ligand Modeling (computational
WER)

- Total Recoverable to Dissolved Translator

- Water Effect Ratio (toxicity tests)

- Species Recalculation Procedure

more complex  f _ Resident Species Procedure



Biotic Ligand Model Overview

* Mechanistic bioavailability model
* Predicts acute toxicity

* |ncorporates key site-specific water
chemistry parameters

* Less complex sampling and analytical
methods

« (Can be less costly depending on
number of events needed

* Current EPA 304(a) Criterion for
Copper are based on BLM

GEOSYNTEC CONSULTANTS



Assessing the Effects of Metals

‘Tne Biorie Lioadd Yy locdal Calenbition:

rom

FORMATION OF COMPETITIVE BINDING
METAL COMPLEXES AT GILL EPA and
WERF

POC
DOC

cCO"~

cl' caz-l-
: Mgz"' Hardness “The 3 C’s”

* Concentration

For freshwater fish, for example, the site of action of toxicity is the gill (Wood, 2001). The biotic ligand is
understood to be Na*,K*-ATPase (NKA), an enzyme that is needed for the active uptake of sodium from the
water. Carbonic anhydrase (CA) is another enzyme that may also be involved in disruption of ionoregulation,

with potential effects on Na* and/or CI-. C O mp leX atio n

Briefly, copper interacts at the site of action and inhibits NKA activity. This inhibits the active uptake of Na* by
the fish. However, Na* loss is passive and is not affected by NKA inhibition, so the net effect is loss of Na* over

K -
time. CI is also impacted in an analogous manner. Thus, the fish dies from ionic imbalance caused by a critica ( O mp etltlo n

drop in Na* and/or CI-.




The Biotic Ligand Model is a

Computational WER

 Water quality inputs: temperature, pH, DOC, Ca, Mg,
Na, K, SO4, Cl, Alkalinity

* Built on large toxicity test data set — multiple species

i, Biotic Ligand Model, Yersion 2.2.1 - Instantaneous Cu WOC: Callaway Creek.blm -8 ll

le it Inputs | Help e OUtpUt as dissolved
E”' n ‘/ ;:E ? ’VMetaI: Copper Prediction Mode: Instantaneous WAL Calculation a C u te (C M C) a n d

| |5ite Median

Sie Labal [Sample Labal T Tere] o] o ooc] mA| = Ma] | § 50d] B[ Alkainy] 71 chronic (CCC) criteria.

| | T | ugll|  maCr 4| marL| ma/L| ma/L| ma/L| ma/L| mg/L|_ ma/L CaC03| mg/L
WITF Qulfdl Summer 2004 AT 35 10 3 ) 73 ) a0, B0, 30, 0007
0.1 miles DS Summer 2004 % 19 33 10 2 i, . . 8. a0, 35, 0001
08 mles DS Summer 2004 ®5 82 27 10 B a 7% s 7 5% 0 o001

$nles S sunna 20 i v ow o ow o« = s w s« w | Usedefault copper

| translator (0.96) or
site-specific translator
to convert into total
recoverable permit
limits

BLM/Translator = Total
Recoverable
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Cu GMAVs (uglL)

1000000
From 2007 EPA BLM Criteria Document
¢ Verlebrale
100000 1— 1@ Invertebrate —
A Amphibian
o
10000 — — — —
Represents Reference Chemistry o e &
1000
Ceriodaphnia dubia 3
100
sao® o * o o *
. Q
o
wt+——y— gp+-—-r-— Final Acute Value = 4.67 ug/L —
e o s (s ] s o S - T I ¢ S " ¢ S S S ¢ i S —
n)
r
Criterion Maximum Concentration = 2.37 ug/L

1

Ranked Genera

Figure 4. Ranked Freshwater Genus Mean Acute Values (GMAVs)



Biotic Ligand Model - Adjustment to

Site Chemistr

’ Most N CMC by Hardness Equati
- - = araress ol BINL, DOC= 10 mgL
Influential 200 { —— CMChy BLM
Parameters .
2
— Dissolved 2 o BV, D005 mgfl
organic carbon | & _
(DOC) 01 =y
————
— pH 0 +—== . .
L. 0 50 100 150 200 250 300 350 400 450
— alkalinity Hardness (g /L)

Figure 5. Comparison of CMC calculated by BLM or Hardness Equation
Alkalinity (11 - 245 mg CaCO3/L) and pH (7.3 - 8.7) Covary with Hardness

« EPA has recommended 10™ percentile ecoregion
values to account for any missing parameters

« EPArecommends minimum site-specific data
— Temperature & pH

GEOSYNTEC CONSULTANTS



Final Acute Value CMC

(FAV), ug/L

72.10
46.86
76.55
83.05
55.17
39.81
80.98

Biotic Ligand Model - Output

(CMC=FAV/2), ug/L

36.05
23.43
38.27
41.53
27.58
19.91
40.49

CCC

(CCC=FAV/ACR), ug/L

22.39
14.55
23.77
25.79
17.13
12.36
25.15

« (CCC is consistently the CMC/1.61

GEOSYNTEC CONSULTANTS



. Water Effect Ratio Overview

® S

« Empirical biological method
« Quantifies toxicity

 Accounts for ANY difference between site water
and laboratory water

« Complex sampling and analytical methods
« Can be more costly than BLM

« Two procedures
— Interim Procedure — 1994

— Streamlined Procedure - 2001

GEOSYNTEC CONSULTANTS



‘ Water Effect Ratio (WER)

Measures toxicity ratio of site water to lab water

Example LC, Calculation

[
o

7

Site Water @_
Lab Water &

Probit Mortality
o [ N w H (6] (o)} ~ o] (o]
°

1.1 1.2 1.3 1.4 1.5 1.6 1.7
Log Concentration (ug/L)

[EEN

WER = LC;, Site Water / LC;, Lab Water



h Water Effect Ratio (WER)

Typically requires QAPP development
Require specialized sampling methods for trace metals

EPA Method 200.8
Determination of Trace Elements in
Waters and Wastes by ICP-MS

REALLY LOW DETECTION LIMITS!!!

EPA Method 1669 (CLEAN
HANDS/DIRTY HANDS)

Sampling Ambient Water for Trace
Metals at EPA Water Quality Criteria
Levels July 1996

GEOSYNTEC CONSULTANTS



Water Effect Ratio - Procedures

b Table 1. Comparison of Streamlined Procedure and 1994 Interim Procedure

measurements considerad
in obtaining final site WER

Characteristic 1994 Interim Procedure Streamlined Procedure

Applicability Universal Copper from continuous
discharges

Mininmun munber of 3 2

sampling events with recommended restrictions

Minimmun number of WER 4 2

measurements

Minimuum number of WER 3 2

Preparation of constructed
downstream water

Mix effluent and upstream
samples at the dilution ratio
occurring at the time of
sampling

Mix effluent and upstream
samples at the design low-flow
dilution ratio

Calculation of sample
WER

Site water LC — Lab water LC

Site water LC = The greater of
(a) Lab water LC. or
(b) SMAV

Calculation of final site
WEE

Complicated scheme with
six “4if.. then...else” clanses and

| 12 possible paths

Geometric mean of the two
measurements




Streamlined Copper Water Effect Ratio

S

« Conducted twice at simulated warm-weather
dilution ratio (100% effluent) according to procedure

« Side by Side tests with Ceriodaphnia dubia

Sample Copper Hardness C. dubia Response
(ID) (ug/L, as Total) (mg/L) (% Mortality)
WEffluent-12812-UNSPIKED 14 275 10
WE-12812-35 42 275 15
WE-12812-50 54 275 25
WE-12812-75 75 275 30
WE-12812-100 95 275 30
WE: 5/8/2012 7/17/2012
WE- Native ECs, = 125 pg/L 242
WE- (Spearman-Karber Method)
WE- Hardness Adjusted EC, = 106.4 205.6
WE- Hardness Adjusted SMAV = 53.0 53.0
WER = 2.0 3.9
Final WER = 2.8




BLM vs WER

BLM and WER are not equal

GEOSYNTEC CONSULTANTS



BLM vs WER

« Seven samples from various WWTP and receiving
streams collected following the EPA Streamlined WER
Procedures for Copper.

« Test organisms were Ceriodaphnia dubia as specific in
the procedure which are documented to be one of the
most highly sensitive species to Copper.

Hardness Normalized

BLM Criterion

Laboratory | Site Water '
e SMAV Water LC5); LCs Maximum BLM\I;;T;I&SACUE
Concentration
WWTP 3 37.4 36.8 167.0 36.0 72.10
WWTP 3 30.7 16.3 169.0 23.4 46.86
WWTP 2 39.6 40.7 430.0 38.3 76.55
WWTP 2 40.2 14.7 245.0 41.5 83.05
WWTP 2 32.7 26.9 346.0 27.6 55.17
WWTP 1 53.0 12.5 106.4 19.9 39.81

WWTP 1 53.0 53.0 205.6 40.5 80.98




Quantified Versus Predicted Copper Toxicity

WWTP 1

WWTP 1

WWTP 2

WWTP 2

WWTP 2

WWTP 3

WWTP 3

M BLM FAV

M Laboratory LC50

Copper (ug/L)
W BLM CMC

M Site Water LC50

B Hardness SMAV

=S

What is causing
the discrepancy
between BLM
and WER??



BLM CMC vs WER Lab Water LC,,

: 1
. 0y
.'

S

Lab Water LCg, versus BLM CMC

IS
o
o

I
o
o

w
1
o

BLM CMC
w
S
S}

N
w
o

BLM predicts
' e laboratory water
LC., very well but
not necessarily Site
" Water LCg,

)
o
o
[}

Lab Water LCg, versus BLM CMC

~
v
o

N
o
=
K
(]

w
U1
o

BLM CMC
w
S
o

N
U
o

e y = 0.5385x + 14.247
------ R?=0.9549
20.0 °

10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0 50.0 55.0
Lab Water LCso



BLM by the Numbers

Default 1.0 11.0
WWTP 1 1.4 15.4
WWTP 2** 3.9 42.9
WWTP 3 1.4 15.4

*All other factors (hardness, coefficient of variation etc.) are default.
** Limited data points



“ WER by the Numbers

* Adjusted Chronic Copper Criteria =
— WER* e” [0.9422 * In (hardness) -1.700] *(0.96)

Default 1.0 11.0
WWTP 1 2.8 30.8
WWTP 2 8.0 88.0
WWTP 3 5.6 61.2

*All other factors (hardness, coefficient of variation etc.) are default.

« Studies require QAPP & specialized sampling
 Full WER can be performed on various metals
 Some metals can be problematic (e.g., lead)



BLM vs WER -

B o

50.0 7.0
@ Design Flow
45.0 = Chronic Criteria
- 6.0
= 90th Percentile
40.0
= WER
- 350 = Translator . 5.0
o
X BLM
"y 30.0 Hardness Regime e
3 — 40
=i )
©
5 250 g
g 5
g mmm 21.6 - 3.0 ]
g 200 19.1
35
(@)
15.0 - 2.0
10.0
- 1.0
5.0
0.0 0.0
WWTP 1 WWTP 2

— Copper limit concentrations are adjusted for all factors (e.g., hardness) —




BLM vs WER - Criticisms

S

 Criticisms of the WER

— Costly and time-consuming

— One location at one moment in time
— Doesn’t consider cations and anions

o Criticisms of BLM
— It's a deterministic model
— Implications to Missouri may not be fully vetted

— Toxicity information from laboratory manipulated water, NOT
ambient Missouri waters.

— Unclear how to treat multiple sample results (e.g., mean,
geomean?)

GEOSYNTEC CONSULTANTS



BLM vs WER

® S

« Both consider site specific conditions

 Both are more accurate than hardness equations

« Both are based on data collected at single point in time
* Neither provide a “continuous™ measure of toxicity

« Both can be collected over a wide range of varying
effluent conditions.

« Both can be run on multiple species

« BLM s generally more conservative than the WER.
« BLM is a less expensive analytical test.

«  WER accounts for ALL water chemistry

e So which oneis correct?

GEOSYNTEC CONSULTANTS



Biotic Ligand Model — Science Advisory

Board (SAB) Review - February 2000 S

« Deterministic, therefore “infinitely precise, although
possibly inaccurate”

e  “more versatile and effective tool”

« “Application of the BLM would not necessarily reduce
uncertainty relative to empirical data.”

« “supports use of BLM as an alternative to WER"
*  “model be utilized in parallel with the WER”

 (Cautioned use for invertebrates. Less data for “metal-
ligand complex” in invertebrates than fish

« recommended the WER be used for model validation



h Biotic Ligand Model vs Water Effect

Ratio




REGFORM 2019 WATERSEMINAR

Questions?

Nick Muenks
573-499-5447
nmuenks@geosyntec.com
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