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Outline

• Tox 21 and Chemical Measurements

• Adverse Outcome Pathway concept and use to 
development Bioanalytical assays

• Application of Bioanalytical assays to water 
assessment
– Results of 3 International Workshops

– Short term vs. Long term goals

– Examples 
• Outcome from recommendations of State Water Board 

(Anderson et al. 2010)
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Knowns

(only few of which 

are regulated)

• many chemicals

– >                        CAS # 

– > 100000 in the environment

– low concentrations

• mixture effects

– “Something from nothing”

• transformation products

Chemicals in the Environment







Toxicity testing the 21st century

• NRC 2007 vision for the future of toxicity 
testing → Tox21 initiative and ToxCast

• Over the past decade, significant effort to 
map molecular and cellular initiating events 
that lead to adverse health outcomes

• Has led to great advances in our 
understanding of mechanistic toxicology



Adverse outcome pathway
• Link between initiating event at molecular/cellular level 

and whole organism response

Ankley et al (2008) Environ Toxicol Chem 29(3): 730-741 







Bioanalytical tools
• Bioanalytical tools = in vitro bioassays

• Effects testing at the cellular level to predict 
effects at the organism level (in vivo)



Applying Bioanalytical Tools to a water sample

Escher and Leusch (2012) Bioanalytical tools in water quality assessment. IWA Publ. 



Application of Bioanalytical Tools to recycled water

• mutagenicity and genotoxicity

Leusch and Snyder (2015) Environ Sci: Wat Res Technol 1: 606-621

Scheme Endpoints (assays)

1960-present: Dan Region Sewage Reclamation Project, Israel Mutagenicity (Ames test)

1962-present: Montebello Forebay Groundwater Recharge 
Project, California, USA

Mutagenicity (Ames test)
Carcinogenicity (Mammalian cell transformation assay)

1975-present: Orange County Water Factory 21 and 
Groundwater Replenishment System, California, USA

Mutagenicity (Ames test)

1980-1982: Potomac Estuary Experimental Water Treatment 
Plant, Virgina, USA

Mutagenicity (Ames test)
Carcinogenicity (Mammalian cell transformation assay)

1987-1989: Tampa Water Resource Recovery Project, Florida, 
USA

Mutagenicity (Ames test)
Genotoxicity (Sister chromatid exchange test)

1981-1999: San Diego Total Resources Recovery Project, 
California, USA

Mutagenicity (Ames test)
Genotoxicity (Micronucleus test, 6-thioguanine resistance assay)
Carcinogenicity (Mammalian cell transformation assay)

1989-present: Tucson Reclaimed Water System, Arizona, USA Mutagenicity (Ames test)



Bioanalytical Assay Workshops

• Aleura, Australia   February, 2015

• Huntington Beach, Ca February, 2016

• Singapore  July, 2016



Examples of Bioassays Research: Near-Term 
Projects

Example #1:  Selection of Endpoints to Monitor CECs in Recycled 
Water (SWB Project #12)

• Identify and determining the usefulness of bioassays in detecting known and 
unexpected CECs in waters produced from various treatment technologies.

Example #2:  Assess the Universe of Bioassays and Universe of 
Chemicals of Interest (SWB Project #16)

• Assess possible bioassays (including health endpoints of concern).  Develop a list 
of specific endpoints that is meaningful.

Example #3:  Develop Standard Operation Procedures (SOPs) for 
Sample Preparation and QA/QC for Bioassays (SWB Project #17)

• Address standardization with appropriate quality assurance/quality control 
(QA/QC) to ensure that cell assays are run correctly and results are accurate. 





STUDY OBJECTIVES & GOALS

• Identify most promising bioassays
– Which endpoints are most relevant?

• Optimize & evaluate selected bioassays
– Can they be standardized for robust, cost-effective 

monitoring?

• Provide interpretive guidance & framework for results
– Do bioassays get us closer to effects or simply screen for 

exposure?

• Transfer technology to stakeholders
– Deliver protocols for robust measurement and tips on best 

use of information



PRIORITY ENDPOINTS

ENDPOINT INDICATOR CEC REF TOXICANT CANDIDATE BIOASSAY(S)

estrogenicity 17b-estradiol 17b-estradiol estrogen receptor (ER)

androgenicity dihydrotestosterone
testosterone & 
derivatives androgen receptor (AR)

trenbolone

progesterone activity levonorgestrel levonorgestrel progesterone receptor (PR)

thyroid hormone activity triclosan T3 Thyroid receptor (TR)

genotoxicity NDMA benzo[a]pyrene Ames II, UMU, p53 reporter

aryl hydrocarbon reactivity caffeine
TCDD; PCB126; 
benzo[a]pyrene

Aryl hydrocarbon receptor 
(AhR)

CEC-specific response gemfibrozil gemfibrozil PPAR gamma

cytotoxicity ? ? ?

Anderson et al. 20103 of 4 “high priority” endpoints recently evaluated by 
Australian NWC (Chapman et al. 2011)



Round Robin and Water Treatment 
Assessments



Examples of Bioassays Research: Near-Term 
Projects

Example #4: Benchmark Bioassay Techniques across and 
within Treatment Systems, and Compare to Other Water 
Sources (SWB Project #18)

• Develop an appropriate approach and test plan to (1) assess biological 
activity within potable reuse treatment systems, and (2) benchmark 
advanced treatment recycled water with other water sources. 

Example #5:  Interpretation Framework for Cell Bioassay 
Results (SWB Project #13)

• Interpret and extrapolate cell bioassay results to inform the  public regarding 
the quality of recycled water.  

• Linkage studies (i.e., analysis of the relationship between in vitro cell 
bioassay responses and biological/health effects) is needed to establish 
thresholds of concern. 



• 103 bioassays

• 10 water types with varied treatment

• 21 laboratories from 9 countries
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assorted water types 
with varied treatments



Leusch and Snyder 2015 Environ Sci: Wat Res Technol 1: 606-621

How do we use bioassay results?



Adverse outcome pathway
• Link between initiating event at molecular/cellular level 

and whole organism response

Ankley et al (2008) Environ Toxicol Chem 29(3): 730-741 







Conclusions

• Too many chemicals to measure

• Bioanalytical tools offer short term benefits 
for water screening (not threshold derivation 
for risk)

• Bioanalytical tools with discrete functional 
relevance to adverse outcomes offer the 
ability to identify potential unknowns
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