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“Industrial”  ~82,000

Food additives ~ 3000

Cosmetics & additives ~6000

Pharmaceuticals ~1000

Pesticides ~1000

There are thousands of chemicals to 
consider

Chemical usage will change over time
new drugs
replacement chemicals

We have methods for ~500 chemicals
~200 priority pollutants
~300 “CECs”



Complex chemical mixtures are 
present in scenarios of interest

Current toxicity tests target 
lethality, growth

For CECs (e.g. synthetic hormones), 
latent effects at sub-lethal exposure 
levels are of concern



CEC Class Reporting 

Limit (ng/L)

17-b

estradiol

Natural hormone •0.09 (1.0*)

Caffeine Food product •35 (50*)

Triclosan Pers care prod •50

NDMA Rxn by-product •0.1 (2.0*)

from Anderson et al (2010). 
Monitoring strategies for recycled water applications in California. 

Tools that can screen for various 
chemicals with high sensitivity

Analytical methods that identify 
problematic CECs

Biological tests that target
plausible “CEC outcomes”

intersex, reproduction
immunosuppression



• Define chemicals we should and can monitor now

• Develop an approach to screen for the larger universe of CECs

• Identify methods to interpret screening (bioassay) results



SCCWRP convened a panel of experts to give us a process to 
identify chemicals for pilot monitoring:

• Step 1:  measure or predict occurrence (i.e. concentration)

• Step 2:  establish threshold that is protective of resource

• Step 3:  does occurrence exceed toxicity threshold?



• CECs are prevalent in urban waterways
• monitor effluent, in stream

• Few CECs accumulate in coastal bivalves
• monitor to ensure levels aren’t increasing

• Marine fish are exposed to CECs, but 
show little evidence of impact (so far)

• We will see changes in effluent quality? 
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Cellular (“in vitro”) bioassays

Whole animal (“in vivo”) toxicity testing

Field (“in situ”) monitoring





ENDPOINT SIGNIFICANCE

Estrogen Receptor (ER) Feminization of males

Androgen Receptor (AR) Masculinization of females

Glucocorticoid Receptor (GR) Impaired development, immunosuppression

Progesterone Receptor (PR) Cancer, hormone resistance syndrome

Aryl hydrocarbon Receptor (AhR) Dioxin-like toxicity, tissue damage, cancer

Umu or p53 Genotoxicity, DNA damage, cancer

Cytotoxicity Cell -- tissue damage -- death



We established a water testing protocol

Day 1

Day 2

Overnight 
incubation (~16 hrs)

at 37ᵒC, 5% CO2

Incubation (~2 hrs) 
at room 

temperature

Cell count           Plate cells @ specific density       Add diluted extracts

Add substrate                                                                     Measure fluorescence 

Thaw frozen cells Extract water sample



• Test for estrogenic chemicals 
ranked samples by water quality 

• WWTP effluent > filtered effluent > 
drinking, surface water
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Test response across samples 
was similar

LAB “A”

LAB “B”

LAB “C”



estrogenic chemicals 



• What do we do when targeted monitoring is inconclusive? 

Non-targeted analysis (in toxicity identification mode)



What is non-targeted chemical analysis?

• excellent resolution (separation) of co-eluting peaks (“2-D” chromatography)

• precise chemical identification using “full scan“ mass spectrum

• Low detection limits for chemicals of interest



• There are hundreds of chemicals that can cause toxicity

• Targeted chemical methods are limited as diagnostic tools (i.e. for identifying 
causative chemicals)

• Non-targeted analysis broadens the scope of CECs that can be identified in 
toxic samples

• We are testing the “linkage” between non-targeted data and toxicity results 
• bioanalytical screening
• whole organism (CEC) toxicity tests 



Palos Verdes PBDEs - Sediment Core

2007199319761951

PBDEs identified (~1990)

Use restrictions initiated (2004)

• CECs are often discovered after they have 
become pervasive
• flame retardants (PBDEs)
• perfluorinated compounds

• Non-targeted analysis can identify CECs 
BEFORE they become an issue

• We are testing this concept by cataloguing 
ALL chemicals in marine top predators 

Estimated Year

1969

PBDEs measured in Bight (2008)



Targeted chemical analysis

Non-targeted chemical analysis

Field (“in situ”) monitoring



Targeted 

Analytical 

Chemistry 

Sample (water, 

sediment, tissue)

Animal testing 

(invertebrates, fish)

Population 

level effects 

(in situ)?

If (+) in vivo 

Non-Targeted 

Analysis (NTA)targeted analysis 

inconclusive?

Tier II: selected samples, 
lower frequency

Tier I: many samples, 
higher frequency

in vitro response

refines target listCell bioassay 

(mode of action)



We need your help…

• Framework/Strategy:  keithm@sccwrp.org
alvinam@sccwrp.org

nathand@sccwrp.org

mailto:keithm@sccwrp.org
mailto:alvinam@sccwrp.org
mailto:nathand@sccwrp.org



