Application of Bioassays for
Monitoring Chemicals in Water from
a Human Health Standpoint

Daniel Schlenk, PhD
Department of Environmental Sciences

University of California, Riverside

I% iNIVERESITY OF CA'_IﬁNIEA



Outline

e 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

 Qutcome from recommendations of State Water Board
(Anderson et al. 2010)



Chemicals in the Environment

* many chemicals
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— > 100000 in the environment
— low concentrations
* mixture effects
— “Something from nothing”
 transformation products

Unknown
micropollutants

and
transformation
products

?
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ABSTRACT: The chnlesteml-lnwering pharmaceutical gemﬁ-
brozil is a relevant environmental contaminant because of its
Moy

frequency of detection in U.S. wastewaters at concentrations V
which have been shown to disrupt endocrine function in aquatic

Japanese medaka

species. The treatment of gemﬁbmzil solutions with sodium (Oryzias latipes)

hypochlorite yielded a 4-chlorinated gemfibrozil analog \
(chlorogemfibrozil). In the presence of bromide ion, as is @
often encountered in municipal wastewater, hypobromous acid

generated through a halogen exchange reaction produced an L‘S%
additional 4-brominated gemfibrozil product (bromogemfibro-

zil). Standards of chloro- and bromogemfibrozil were synthe-



Toxicity testing the 215t 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

TOXICITY TESTING IN THE 21ST CENTURY
A VISION AND A STRATEGY




Adverse outcome pathway

* Link between initiating event at molecular/cellular level
and whole organism response
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Ankley et al (2008) Environ Toxicol Chem 29(3): 730-741
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Figure 2. Proposed adverse outcome pathway (AOP) for acetylcholinesterase (AChE) inhibition leading to acute lethality. Key events (KEs) are in bold letters,
starting with the inhibition of AChE, the molecular initiating event (MIE), and proceeding to the accumulation of acetylcholine in cholinergic synapses (KE2),

excitatory response in tissues (KE3), and lethality, the adverse outcome (AO) of regulatory significance. Dashed arrow indicates a plausible connection for which
sufficient direct empirical evidence was not available.



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

A. CONCENTRATION

N
]

water
sample

2L

B. ASSAY DILUTION

step 3 serial dilution

step 1
concentrate (e.g., solid-phase
or liquid-liquid extractjon)

1mL

2000mL of water into

1mL of water extract
i.e., 2000 concentration

step 4
add dilution series to
assay plate

NN NN (inthis case in triplicate)

me] ) [0 Q00 0000
- a's's's's’'s'sassa’s e . . 00000000
{ 2uLinto 8L of buffer | Q X &.40’&.*.&.
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extract to 900000000000 , LX)
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serial dilution plate assay plate

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



Application of Bioanalytical Tools to recycled water

 mutagenicity and genotoxicity

1960-present: Dan Region Sewage Reclamation Project, Israel

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

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

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

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

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

1989-present: Tucson Reclaimed Water System, Arizona, USA

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

Mutagenicity (Ames test)

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

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

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

Mutagenicity (Ames test)

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

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)

e |dentify 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.
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STUDY OBIJECTIVES & GOALS

ldentify 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



ENDPOINT

estrogenicity

androgenicity

progesterone activity

thyroid hormone activity

genotoxicity

INDICATOR CEC

17p-estradiol

dihydrotestosterone

levonorgestrel
triclosan

NDMA

aryl hydrocarbon reactivity caffeine

CEC-specific response

Anderson et al. 2010

gemfibrozil

REF TOXICANT

17p-estradiol

testosterone &
derivatives

trenbolone
levonorgestrel

T3

benzo[a]pyrene
TCDD; PCB126;
benzo[a]pyrene

gemfibrozil

PRIORITY ENDPOINTS

CANDIDATE BIOASSAY(S)

estrogen receptor (ER)

androgen receptor (AR)

progesterone receptor (PR)
Thyroid receptor (TR)

Ames ll, UMU, p53 reporter
Aryl hydrocarbon receptor
(AhR)

PPAR gamma



Round Robin and Water Treatment
Assessments

Table 2

Interlaboratory comparison of calibration performance for GeneBLAzer® estrogen
receptor-alpha (ER), glucocorticoid receptor (GR) and progesterone receptor (PR)
bipassays. Results deemed not acceptable were excluded. The calibration perfor-
mance of the CeneBLAzer™ androgen recepmr(AR) bioassay was not evaluated as no

bioactivity was observed in any of the samples analyzed.

Lab A Lab B Lab C Lab D Lab E
ER (referenced to 17f-estradiol)
Hill slope 16 1.6 14 1.5 1.0
R2 099 0.99 049 047 099
Log ECsqg (M) -8 -99 -96 -10.2 —-95
LoD 11 7 10 4 7
Data accepted yes Ves Ves no yes
GR (referenced to dexamethasone)
Hill slope 23 1.9 25 24 22
R* 099 0.99 099 098 100
Log ECsqg (M) -B.6 -85 -84 -8.7 -85
LoD 5 4 2 9 4
Data accepted yes yes yes yes yes
PR (referenced to levonorgestrel )
Hill slope 21 1.8 14 15 13
R? 099 1.00 096 058 099
Log ECsqg (M) -91 -99 -45 -99 —-95
LoD 3 2 3 2 8
Data accepted no yes yes yes yes

LOD — limit of detection, expressed as a percent effect concentration (EC) relative to

the referenced chemical.
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Fig. 1. Mean bioassay equivalent concentrations (BEQ) for ER (expressed as ng 17
estradiol/L + SD), GE (expressed as ng dexamethasone (L + SD) and PR (expressed as ng
levonorgestrel{L + SD) for samples from an operational recyded water fadlity (Plant 1)
Samples 2, 3, 4 and 5 correspond to Plant 1 influent, 0Z — ozonation, MF — mio-
filrarion and RO — reverse osmaosis, respectively. The median limit of detection (LOD)
was <1.7 ng/L for ER-BE(Q), <52 ng/L for GR-BEQ, and <14 ng/L for PR-BEC,



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)

e 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)

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

e 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.



Benchmarking Organic Micropollutants in Wastewater, Recycled
Water and Drinking Water with In Vitro Bioassays
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Bonnie H. Y. Yeung,- Xiaowei Zhang,” and Frederic D. L. Leusch™

* 103 bioassays
* 10 water types with varied treatment
e 21 laboratories from 9 countries
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How do we use bioassay results?

Test water samples
with battery
of bioanalytical tools

f
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| BIO,, .. > EBT
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; = Y Measure chemical

w E | [l Retest surrogates and > target value No further action needed )

= = : performance indicators
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Consult with regulator to determine if further action is needed. )

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



Adverse outcome pathway

* Link between initiating event at molecular/cellular level
and whole organism response

Adverse Outcome Pathway
o N
Macro-Molecular Cellular Organ Organism Population
Toxicant Interactions Responses Responses Responses Responses
Receptor/Ligand Gene Altered Lethality
Interaction Activation Physiology Structure
Chemical DNA Binding Protein Disrupted De!\.Te c?[i:r:%nt i
Properties Protei | Production Homeostasis e | Recruitment
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Protein
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Anchor 1 (adverse outcome at the
{initiarlrngctravent) organism- or population-level)

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




Environ. 5ci. Technol. 2001, 35, 3620—3625

Identification and Quantification of
Estrogen Receptor Agonists in
Wastewater Effluents

SHANE A. SNYDER,*
DANIEL L. VILLENEUVE,
ERIN M. SNYDER, AND JOHN P. GIESY

Department of Zoology, National Food Safety and
Toxicology Center, and Institute for Environmental
Toxicology, Michigan State University,

Fast Lansing, Michigan 48824-1311
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FIGURE 2. Fine fractionation of LV Wash, Lake Mead (April), F3
extract using RP-HPLC with fluorescence detection followed by
luciferase induction in the MVLN cell bioassay (estrogen responsive)
by the corresponding fractions. Response magnitude presented as
percentage of the average maximum response observed for a 1000
pM 17f-estradiol standard (%-E2-max). Horizontal lines represent
+ 3 SD from the mean solvent control response (set to 0%-E2-max).
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Balancing the Budget: Accounting for Glucocorticoid Bioactivity and
Fate during Water Treatment

Ai Jia, Shimin Wu, Kevin D. Daniels, and Shane A. Snyder™

University of Arizona, 1133 E. James E. Rogers Way, Harshbarger 108, Tucson, Arizona 85721-0011, United States

9 Supporting Infnrmtf on

ABSTRACT: Numerous studies have identified the presence and ( S
bioactivity of glucocorticoid receptor (GR) active substances in water; AT C:E%‘ETEZZ

& a a . = c [} O __U1U| ::)
however, the identification and activity-balance of GR compounds remained ok -

elusive. This study determined the occurrence and attenuation of GR bio-
activity and closed the balance by determining those substances responsible.
The observed in vitro GR activity ranged from 39 to 155 ng dexamethasone-
equivalent/L (ng Dex-EQ/L) in the secondary effluents of four wastewater
treatment plants. Monochromatic ultraviolet light of 80 n‘a],fc:m2 disinfection
dose was efhicient for GR activity photolysis, whereas chlorination could not
appreciably attenuate the observed GR activity. Ozonation was effective only
at relatively high dose (0zone/TOC 1:1). Microfiltration membranes were
not efficient for GR activity attenuation; however, reverse osmosis removed

GR activity to levels below the limits of detection. A high-sensitivity liquid
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LC-MS/MS Analysis
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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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