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Toxicity
- Variable with time and place.
Water chemistry
- Controlled by constituents as pH, Ca, Na, CO3

and Dissolved Organic Carbon (DOC).
• Consequence

- WQC do not reflect the effects of water
chemistry factors entirely.

Toxicity
- Variable with time and place.
Water chemistry
- Controlled by constituents as pH, Ca, Na, CO3

and Dissolved Organic Carbon (DOC).
• Consequence

- WQC do not reflect the effects of water
chemistry factors entirely.

Problem with Metals CriteriaProblem with Metals Criteria



Correction factorsCorrection factors

Water Hardness Equation

Water Effect Ratio

Water Hardness Equation

Water Effect Ratio



10-22-07

Effect of Hardness on ToxicityEffect of Hardness on Toxicity
Fathead Minnow Data

Effect of Hardness on Copper Toxicity to Fathead Minnows
(Erickson et al., 1996)

0

1

2

3

4

5

0 50 100 150 200
Hardness (mg/L as CaCO3)

C
op

pe
r L

C
50

 (µ
m

ol
/L

)

R2=0.954



10-22-07

Effect of Dissolved Organic Carbon 
on Toxicity

Effect of Dissolved Organic Carbon 
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Limits of Hardness NormalizationLimits of Hardness Normalization

• Under-protective at low pH

• Over-protective at higher DOC

• Requires Water Effect Ratio (WER) for 
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WATER EFFECT RATIOWATER EFFECT RATIO

Quantifies the toxicity of a pollutant in site water as 
compared to lab water
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The Alternative: Biotic Ligand ModelThe Alternative: Biotic Ligand Model

• Evaluates the effects of other factors affecting 
toxicity.

• Evaluates the effects of other factors affecting 
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Biotic Ligand ModelBiotic Ligand Model

Based on:

Free Ion Model (1993): Chemical model

Gill Model (1996):Toxicological model
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Biotic Ligand Model: What does it do?Biotic Ligand Model: What does it do?

The BLM:

• Complements the existing EPA Guidelines 
procedure,

• Accounts for the effect of water chemistry, in 
addition to hardness, and

• Leads to an improved capability to assess 
potential adverse effects.
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Inorganic
thermodynamic database

Organic
chemical measurements with Organic Matter

Biological
limited number of accumulation datasets
parameters assumed to be consistent for other 
organisms, since ion-transport mechanisms are 
similar, and
LA50 used to account for variation in species 
sensitivity.
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WER:  
Comprehensive, but 
sampling error is high, and
precision is low.
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BLM advantages:
Is implemented directly into the criterion as 
replacement for water hardness.

Water chemistry data are cheaper to obtain.

Improves our understanding of how water 
chemistry affects metal availability and toxicity.

A combination of bioassay-based methods and 
computational methods may be used.
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Question: Can accumulation be uniquely 
related to a toxic effect?    Yes.
Question: Can accumulation be uniquely 
related to a toxic effect?    Yes.
(Data: MacRae, 1994 and 1999)
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Predicted Versus Measured LC50sPredicted Versus Measured LC50s
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RecapitulationRecapitulation

Water chemistry affects metal toxicity.

Water hardness and Water Effect Ratio used 
as correction factors.

BLM is a replacement for water hardness.
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Beginning with consideration of species 
sensitivity, we will explore how the BLM may 
be applied to other organisms and to other 
metals (e.g., Ag, Cd, Ni, Pb and Zn).
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Application to Other OrganismsApplication to Other Organisms

BLM Interspecies Calibration
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Cu BLM: Invertebrate SummaryCu BLM: Invertebrate Summary
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 A Comparison of BLM Predicted vs Measured Silver LC50
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Ni BLM: Fathead Minnow & Invertebrate ResultsNi BLM: Fathead Minnow & Invertebrate Results

A Comparison of BLM Predicted vs Measured Nickel LC50
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Summary and Conclusions Summary and Conclusions 
The BLM:

Can develop WQC in less time and at lower 
costs,

Can develop estimates of spatial or temporal 
variation in metal bioavailability, 

Has been successfully applied to a number of 
organisms with varying sensitivity to metals, 
and

Agrees remarkably well with bioassay-based 
WER studies.

The BLM:
Can develop WQC in less time and at lower 
costs,

Can develop estimates of spatial or temporal 
variation in metal bioavailability, 

Has been successfully applied to a number of 
organisms with varying sensitivity to metals, 
and

Agrees remarkably well with bioassay-based 
WER studies.



Model equationModel equation

BLBC

ALAC
BA ff

ff
ECEC

,,

,,

 x 
 x 

 X =
BLBC

ALAC
BA ff

ff
ECEC

,,

,,

 x 
 x 

 X =

Where:
• EC refers to the water effect concentrations. 
• Subscripts A and B refer to different exposure conditions. 
• Subscript C refers to the concentration of competing cations at the
different exposure conditions. 

• Subscript L refers to the concentration of the complexing ligands
at the different exposure conditions.
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For BLM application to criteria, the important concern is whether fC and fL are 
suitably formulated and parameterized, and not with issues that relate to lethal 
accumulations and accumulation capacities.
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How is the BLM actually used?How is the BLM actually used?

Since the BLM is designed to predict LC50s, it provides a way to
predict the site water LC50s from water chemistry measurements 
alone without need to perform costly bioassays.

Some advantages of using the BLM are as follows:
Water chemistry data are cheaper to obtain than are bioassays.

Historical data may be used providing for the capability to make
hind-casts.

The results are obtained in the context of a rational framework that
facilitates the attainment of an improved understanding of how water
chemistry affects metal availability and toxicity.

A combination of bioassay-based methods and computational
methods may be used.
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freshwater criterion
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