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Quiz 

• BLM 

• WER 

• LC50 

• FAV 

• CMC 

• CCC 
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Metals Overview 

• Metals are ubiquitous 

• Sources  

– Naturally occurring 

– 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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Potentially Impacted NPDES Permittees 

Power Plants 

Landfills 

MS4’s 

Mining 

Treatment Plants 

And More….. 
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Copper Limits 

• Facilities may struggle to meet increasingly 

more stringent limits. 
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Copper Limits 

 

Permit 
Issuance 

Year 

Effluent 
Parameter 

Units 
 Maximum 
Daily Limit 

Reduction in 
Maximum 
Daily Limit 

Monthly 
Average 

Limit 

Reduction in 
Monthly 

Average Limit 

1999 

Copper µg/L 

46 -- -- -- 
2008 19.6 57.39%  9.8 -- 
2014 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 
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2015 EPA Approves Incorporating WER into 

MO WQS 

2015 – EPA approves Missouri WQS including 

provisions for site-specific adjustments 
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2017 MDNR publishes guidance for 

compliance with metals limits 

• In January 2017, Water Protection Program 

published a fact sheet “Metals Effluent Limitations: 

Pathways Toward Compliance” 

– https://dnr.mo.gov/pubs/pub2710.htm 
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2019 MDNR WQS Work Group 
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Missouri’s Current Copper Criteria Tend to 

be Overprotective  
 • Hardness Based 

• Does not address all water 

chemistry factors affecting 

bioavailability 
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EPA Criteria Studies 

vs. 

• Conducted in 

lab water 

 

• May not fully 

capture a site’s 

chemistry affects 
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Current Site Specific Adjustments 

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

 

   - Characterizing Hardness Regime 

   - Biotic Ligand Modeling (computational  

                           WER) 

  - Total Recoverable to Dissolved Translator 

  - Water Effect Ratio (toxicity tests) 

  - Species Recalculation Procedure 

  - Resident Species Procedure 

less complex 

more complex 
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Biotic Ligand Model Overview 

• Mechanistic bioavailability model 

• Predicts acute toxicity 

• Incorporates 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 
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Slide 
from 
EPA and 
WERF 
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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 

 

  

 

US EPA Approved for Copper only.   

Under Development for silver, zinc, lead, 
aluminum and nickel. 

Special Study (QAPP) typically needed 

Special sampling methods for low level metals 
recommended 

Output as dissolved 
acute (CMC) and 
chronic (CCC) criteria. 
 
Use default copper 
translator (0.96) or 
site-specific translator 
to convert into total 
recoverable permit 
limits 
 
BLM/Translator = Total 
Recoverable 
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Biotic Ligand Model - Reference Chemistry 

• Develop 

Ceriodaphnia dubia 

Final Acute Value = 4.67 ug/L 

Criterion Maximum Concentration = 2.37 ug/L 

Represents Reference Chemistry 

From 2007 EPA BLM Criteria Document 
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Biotic Ligand Model  - Adjustment to 

Site Chemistry 

• Most 

Influential 

Parameters 

– Dissolved 
organic carbon 
(DOC) 

– pH 

– alkalinity 

 

• EPA has recommended 10th percentile ecoregion 

values to account for any missing parameters 

• EPA recommends minimum site-specific data 

– Temperature & pH 
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Biotic Ligand Model - Output 

• CCC is consistently the CMC/1.61 
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Water Effect Ratio Overview 

• 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 
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Water Effect Ratio (WER)  

  

 

 

Site Water 

Lab Water 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 1.1 1.2 1.3 1.4 1.5 1.6 1.7 

P
ro

b
it

 M
o

rt
al

it
y 

Log Concentration (ug/L) 

Example LC50 Calculation 

WER = LC50 Site Water / LC50 Lab Water 

Measures toxicity ratio of site water to lab water 
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Water Effect Ratio (WER)  

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 

Typically requires QAPP development 

Require specialized sampling methods for trace metals 
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Water Effect Ratio - Procedures 

Two Approaches 

• Interim Guidance on the Determination and Use of 
Water-Effect Ratios for Metals - 1994 

– Many metals 

– 3 to 4 samples 

– Dilution mix at time of sampling 

– Final WER calculation is complicated 

• Streamlined Water-Effect Ratio Procedure for 
Discharges of Copper  - 2001 

– Copper only 

– 2 samples 

– Design low-flow conditions 

– Final WER is geometric mean of the two  
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Streamlined Copper  Water Effect Ratio 

(WER) 

• 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) (μg/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-12812-150 160 275 45 

WE-12812-250 240 275 90 

WE-12812-400 360 275 100 

WE-12812-700 590 275 100 

WE-12812-1500 1300 275 100 
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BLM vs WER 

vs. 

BLM WER 

BLM and WER are not equal 
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Missouri Site-Specific Criteria Studies 

 

• 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. 

BLM vs WER 

SMAV
Laboratory  

Water LC50

Site Water 

LC50

BLM Criterion 

Maximum 

Concentration

BLM Final Acute 

Values

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

Hardness Normalized

Study
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BLM vs WER 

What is causing 

the discrepancy 

between BLM 

and WER?? 
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BLM CMC vs WER Lab Water LC50 

y = 0.347x + 22.508
R² = 0.3737
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Lab Water LC50 versus BLM CMC

y = 0.5385x + 14.247

R² = 0.9549
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Lab Water LC50 versus BLM CMC

BLM predicts 

laboratory water 

LC50 very well  but 

not necessarily Site 

Water LC50 
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BLM by the Numbers 

 
Facility BLM WER Calculated Limits* 

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 
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WER by the Numbers 

• Adjusted Chronic Copper Criteria = 

– WER* e^ [0.9422 * ln (hardness) -1.700] *(0.96) 

 

 

 

 

 

 

 

• Studies require QAPP & specialized sampling 

• Full WER can be performed on various metals  

• Some metals can be problematic (e.g., lead) 

 

Facility Field WER Calculated Limits 

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. 
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BLM vs WER 
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Copper limit concentrations are adjusted for all factors (e.g., hardness) 
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BLM vs WER - Criticisms 

• Criticisms of the WER 

– Costly and time-consuming 

– One location at one moment in time 

– Doesn’t consider cations and anions 

• 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?) 
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BLM vs WER 

• 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 is generally more conservative than the WER. 

• BLM is a less expensive analytical test. 

• WER accounts for ALL water chemistry 

 

• So which one is correct?  
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Biotic Ligand Model – Science Advisory 

Board (SAB) Review - February 2000  

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

 

• “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  
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Biotic Ligand Model vs Water Effect 

Ratio 

 
WQS Work Group Meeting 

September 13th at 1:00 PM at 

MDNR in JC, MO 

 

BLM replacing WER discussion 

continued 
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REGFORM 2019 WATERSEMINAR 

 

Questions? 

 
Nick Muenks 

573-499-5447 

nmuenks@geosyntec.com 

 

 

 


