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Major Ion Mixture Toxicity - Overview

• Major Ions: Na+, K+, Ca2+, Mg2+, Cl-, SO4
2-, HCO3

-/CO3
2-

• Lessons from studies with Ceriodaphnia dubia:
Multiple mechanisms – total ions, Ca/Mg, K 
Low Ca exacerbates total ion, Mg toxicities
Low Na exacerbates K toxicity
Dosimetry best based on chemical activities
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Major Ion Mixture Toxicity - Overview

Low ACRs
(1.7-3.0)

• Major Ions: Na+, K+, Ca2+, Mg2+, Cl-, SO4
2-, HCO3

-/CO3
2-

• Lessons from studies with Ceriodaphnia dubia:
Multiple mechanisms – total ions, Ca/Mg, K 
Low Ca exacerbates total ion, Mg toxicity
Low Na exacerbates K toxicity
Dosimetry best based on chemical activities
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Acute Ion Toxicity to Fathead Minnow

• For 6-7-day-old fathead minnow, relationships are 
similar to C. dubia, but with some differences: 
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• Wang et al. (2016, ET&C 35:115) – USGS/CERC 
fathead minnow early life stage tests with Na2SO4.

Chronic Ion Toxicity to Fathead Minnows

• Low effect concentrations for survival; 34-d LC20s 
as low as 3.5 mM Na2SO4 (305 mg SO4/L). 

• Even lower effect concentrations for weight; LOEC 
(EC20) as low as 0.8 mM Na2SO4 (74 mg SO4/L).   

• USGS/CERC conducted further abbreviated ELS 
tests with various life stages and dilution waters.

• Identified life-stage immediate post-hatch stage 
and low K in water as factors for high sensitivity. 
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Chronic Ion Toxicity to Fathead Minnows

Fathead Minnow ELS Survival (7-d LC50s)
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Chronic Ion Toxicity to Fathead Minnows

Fathead Minnow ELS Survival (7-d LC50s)
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Chronic Ion Toxicity to Fathead Minnows

Fathead Minnow ELS Survival (7-d LC50s)
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Chronic Ion Toxicity to Fathead Minnows

Fathead Minnow ELS Survival (7-d LC50s)
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Chronic Ion Toxicity to Fathead Minnows

Fathead Minnow ELS Survival (7-d LC50s)
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Chronic Ion Toxicity to Fathead Minnows

Fathead Minnow ELS Survival (7-d LC50s)
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Chronic Ion Toxicity to Fathead Minnows

Fathead Minnow ELS Survival (7-d LC50s)
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Chronic Ion Toxicity to Fathead Minnows

Fathead Minnow ELS Survival (7-d LC50s)
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Chronic Ion Toxicity to Fathead Minnows

Fathead Minnow ELS Survival (7-d LC50s)
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Chronic Ion Toxicity to Fathead Minnows

Fathead Minnow ELS Survival (7-d LC50s)
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Chronic Ion Toxicity to Fathead Minnows

Fathead Minnow ELS Survival (7-d LC50s)
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Chronic Ion Toxicity to Fathead Minnows

Fathead Minnow Early Life-Stage Growth
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Chronic Ion Toxicity to Fathead Minnows

Fathead Minnow Early Life-Stage Growth
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Chronic Ion Toxicity to Fathead Minnows

Fathead Minnow Early Life-Stage Growth
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Summary/Conclusions

• Acute responses of FHM indicated generally lower 
sensitivity than Ceriodaphnia

• FHM acute responses showed many similarities to 
those for Ceriodaphnia, with minor exceptions 
(e.g., toxicity of sulfate at low Ca).

• ELS testing confirmed USGS finding of high 
sensitivity near hatching

• ELS mortality near hatching shown to be caused 
by sodium, rather than sulfate; range of K 
dependence quantified to wider range

• ELS growth effects reported by USGS not 
reproduced in current studies
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Questions?
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Acute Ion Toxicity to Fathead Minnow

Relationships similar to C. dubia, with some differences: 
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Osmolarity (mOsm/L) from NaCl
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