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Overview

• Purpose of bioassays

• Bioassay Test Acceptability Criteria

• Case Study 1: Reference Toxicant Test 
Failure

• Case Study 2: Control Failure

• Case Study 3: Toxicant in sample?!
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Purpose of bioassays

• Assess toxicity of test sample as a whole on live 
organisms

• Required by discharge permits

– Frequency

– Sampling location

– Specific species

– Method

– Additional supporting analysis during course of bioassay
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Test Acceptability Criteria

• General Criteria

– Concurrent reference toxicant test

• Reference toxicant is of known toxicity

• Expose organism to concentration series of reference 
toxicant in control water matrix

• Determine LC50, concentration of toxicant that kills half 
of sample population, statistically from concentration 
series exposure data

• Determine sensitivity of the test organisms

• Demonstrates laboratory capability

• Assess inter and intra laboratory comparability
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Test Acceptability Criteria

• General Criteria

– Maintain control chart of the most recent 20 LC50 
with mean and control limits (defined as ± 2SD from 
mean of the 20 data points)

5



Test Acceptability Criteria

• Test Specific Criteria

– Acceptable survival/ growth in Control

– Precision among replicates

• Percent Minimum Significant Difference (PMSD)
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Case Study 1: Ref. Tox. Test 
Failure 

Acute Toxicity Bioassay using Rainbow Trout

• Issue -

– Reference Toxicant test resulted in LC50 below 
lower control limit

– Test organism exhibited hyper sensitivity, poor 
health?

– Control demonstrated 100% survival!

– Samples also demonstrated 100% survival!!
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Case Study 1: Ref. Tox. Test 
Failure 
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Case Study 1: Ref. Tox. Test 
Failure 
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Case Study 1: Ref. Tox. Test 
Failure 

Growth surrounding the gill is evident
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Case Study 1: Ref. Tox. Test 
Failure 

Turbidity observed in ALL tanks
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Case Study 1: Ref. Tox. Test 
Failure 

• Identifying the bacteria

– Took aliquots of 35 ppm SDS fish tank

– Filtered through 0.45µm filter grow on mEndo

– Picked colonies of different morphology for 
identification by Analytical Profile Index

12



Case Study 1: Ref. Tox. Test 
Failure 

• All identified to be Aeromonas hydrophila

– Can be eliminated using sodium hypochlorite

• Unable to completely eradicate Aeromonas
hydrophila as it is commonly found in fish

• Use of alternative toxicant

– NaCl

– Concentration series: 10, 12.5, 15, 17.5 & 20 g/L
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Case Study 1: Ref. Tox. Test 
Failure 

• Turbidity and DO-drop not observed in NaCl
Ref Tox Test
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Case Study 1: Ref. Tox. Test 
Failure 

• Control chart established
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Case Study 1: Ref. Tox. Test 
Failure 

• What we learned

– Review data

• Keep notes/ record observations

– Reach out to those with relevant expertise

– Prepare for changes
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Case Study 2: When control failed

Chronic Toxicity Bioassay using Mytilus
mussels
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Case Study 2: When control failed

Chronic Toxicity Bioassay using Mytilus
mussels

• Induce spawning of Mytilus mussels
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Case Study 2: When control failed

Chronic Toxicity Bioassay using Mytilus
mussels

• Fertilization
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Case Study 2: When control failed

Chronic Toxicity Bioassay using Mytilus
mussels

• Endpoint: survival and shell development

20



Case Study 2: When control failed

Chronic Toxicity Bioassay using Mytilus
mussels

• Issue -

• Reference toxicant test yielded EC50 within control 
limits 

• Control failed to meet acceptance criteria of 90% 
normal shell development in surviving organisms 
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Case Study 2: When control failed

All effort wasted!!
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Case Study 2: When control failed

Root Cause Analysis -

– Embryos condition?

• Reference toxicant test yielded EC50 within control 
limits

– Sea water?

• Met annual control water quality criteria

– No detectable organics

» organochlorine pesticides & PCBs

– No detectable metals

» Ag, Al, As, Cd, Co, Cr, Cu, Fe, Hg, Pb, Ni & Zn
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Case Study 2: When control failed

Root Cause Analysis -

– Filter? 

• Charcoal filter and a 1.0 µm filter

• Compare before and after filter for all the 
parameters monitored in annual water check
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Case Study 2: When control failed

• Unfiltered seawater from Bodega Marine 
Laboratory
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Case Study 2: When control failed

• Filtered seawater from Bodega Marine 
Laboratory

26



Case Study 2: When control failed

• What we learned

– Filtration apparatus contributed to detectable amount 
of iron to filtered seawater

– Switched to PALL Maxi Capsule for filtered seawater 
preparation
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Case Study 2: When control failed

• Corrective Action

– Monitor quality of control water in addition to the 
source of control water

• With new filtration apparatus, control of subsequent tests 
consistently met Test Acceptance Criteria of 90% normal 
development: 

93.5%, 94.5% and 91.3% in subsequent tests
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Case 3: Toxicant in Sample? 

Acute Toxicity Test with Rainbow Trout

• Issue

– Reference Toxicant Test exhibited acceptable 
LC50 within control limits 

– Control 100% survival 

– Sample 22% survival 
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Case 3: Toxicant in Sample? 

What went wrong? Review data
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Case 3: Toxicant in Sample? 

What went wrong? Review data
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Case 3: Toxicant in Sample? 

• Dissolved CO2 resulting in mortality?
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Case 3: Toxicant in Sample? 

Collected on 

Day 2, before 

mortality

Typical effluent 

chromatogram
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Case 3: Toxicant in Sample? 

Collected on 

Day 2, before 

mortality

Methyl Isothiocyanate (MITC)

- Identified by library spectrum 

search

- Breakdown product of metam

sodium, a common soil fumigant 

used for fungi and weeds

- SDS listed it as “very toxic to 

aquatic organisms”

- Rainbow trout: LC50 = 0.37 mg/L

- After obtaining standards, the 

estimated concentrated of this 

sample is 330 ug/L 
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Case 3: Toxicant in Sample? 

• Investigation continued with archived samples 
collected during acute toxicity bioassay

• Detection of MITC confirmed from Day 2, Day 3 and 
Day 4 samples
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Case 3: Toxicant in Sample? 

• Bioassay repeated with 100% survival

• MITC was not detected throughout the duration of 
bioassay
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Case 3: Toxicant in Sample? 

• What we learned

– Lab collaboration is crucial

– Keep up with archive sampling

• Volatile organics

• Semi-volatile organics

• No headspace sampling without preservation

– Bioassay is a useful tool to detect presence of 
toxicant
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Summary

• Root Cause Analysis

• Identify Corrective Action

• Toxicology requires analytical support

– Microbiological analysis

– Metal analysis

– Wet chemistry analysis: alkalinity, hardness, etc.

– Organic analysis
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Questions?
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