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Fundamental traits

• Synthetic or naturally occurring chemical entering 
water sources but not commonly monitored

• Pose perceived or real threats to human health or the 
environment

• Health standards either don’t exist or the standards 
are rapidly developing

• Substances may be new or may have been around for 
a long time but not recognized until analytical methods 
improved

CECs Definition
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Rise of Synthetic Chemicals
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Diversity

• Increased 
diversity in 
synthetic 
chemicals

Production

• Projected mass of 
synthetic chemicals 
(based on trade 
value) 

Bernhadt, Rosi, & Gessner, 2016



Common Classes of CECs
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Associated Effects CEC Categories

Antimicrobials Triclosan, Triclocarban

Reproductive hormones Estradiol

Surfactants Nonylphenol

Fire or flame retardants PFAS

Insect repellants DEET

Example CECs
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Associated Effects CEC Categories

Antibiotic resistance Antibiotics, Antimicrobials, Personal care products

Carcinogenicity or increased risk of cancer Fire retardants, Prescription drugs

Endocrine disruption
Personal care products, pesticides, plasticizers, reproductive 
hormones, solvents, steroids 

General toxicity (incl. geno-, cytotoxicity) Disinfectants, Industrial additives

Negative effect on animal reproductive activity Life-style products (Caffeine, Nicotine)

Organ damage Prescription drugs

Suspected Effects from Environmental Exposure
(Often at High Levels)
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• Concern most frequently mentioned (e.g. 
endocrine-disrupting compounds or EDCs)

• Endocrine system is a system of glands and 
organs that secrete and regulate hormones

• Controls body functions such as growth, 
metabolism, and reproduction

• Gained public awareness in 50s and 60s 
with DDT

• Discovery of aquatic organisms with 
disrupted sexual development near WWTP 
outfalls drew attention to CECs

Endocrine Disruption
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Environmental Sources and Pathways for CECs
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Environmental 

transformation processes: 

biodegradation, chemical 

redox, hydrolysis, and 

photolysis



• Aquatic (and potentially terrestrial) organisms 
submitted to perpetual, multigenerational 
exposure wherever humans are located

• Subtle, undetected effects could accumulate 
over time, causing irreversible ecosystem 
change 

• Concern that numerous CECs sharing same 
mode of action or associated effect could lead to 
additive or synergistic exposures

Ecosystem Risk Considerations for CECs
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• Key priories identified early in the study of CECs by the USEPA ORD (Daughton 
and Ternes, 1999) include:

Study of CECs
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Surveys of WRRF effluents (and 
solids products), surface 

waters/groundwaters, and 
potable water for the presence 

of  CECs 

Identification of CEC sources 

Evaluation of potential 
physiological effects (on 

nontarget species and human 
health)

Discussion on the relative 
importance of this issues



Study of CECs: Occurrence in US Water Sources
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• Ability to survey CECs tightly linked to 
advancements in analytical 
instrumentation

• USGS study was made possible by 
introduction of liquid chromatography 
with mass spectrometry or LC/MS 
(capable of detecting polar and water-
soluble compounds). 

• LC/MS continues to improve, but is 
reliant on comparison of samples to 
standards and searchable libraries

Study of CECs: Analytical Methods
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• Next frontier: Identification of 
unknown and nontarget compounds 
(e.g. metabolites and transformation 
products) using: 

• High resolution MS (HR-MS) 
analyzers (e.g. time-of-flight, ion 
trap, and Orbitrap) 

• Nuclear magnetic resonance (NMR) 
spectroscopy 

Study of CECs: Analytical Methods
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• Many CECs have hydrophobic properties and transfer to wastewater solids

• Critical surveys published in 2010-2011 for US and Europe

Study of CECs: Occurrence in Wastewater Solids
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Study of CECs: Pathways in Land
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Study of CECs: Occurrence in Wastewater Solids
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• CECs present a wide spectrum of (often unknown) physiological impacts and 
existing toxicity data is lacking

• Fundamental questions:

• Can we use species-defined, laboratory toxicity data to predict ecological impacts from 
mixture of CECs?

• Do we need to understand all physiological effects or modes of action of CECs before 
looking for and assigning causation for population level changes?

Study of CECs: Identifying Risk to Ecosystems
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• One strategy is use of ecotoxicological 
assays for variety of endpoints

• Examples include:

• Bacterial growth inhibition for antibiotics

• Aquatic vertebrate and invertebrate 
population level response 

• In vitro estrogen receptor and androgen 
receptor binding and transcriptional assays

Study of CECs: Identifying Risk to Ecosystems

Contaminants of Emerging Concern – Webinar Series 19
Colorado.edu



• Combining chemical analysis and 
bioassays (mixture-toxicity modelling) 
is a developing science

• Recent study in Danube River could 
attribute 80% of estrogen receptor 
activity to known biological effects 
of detected compounds, but only 
0.2% of pregnane X receptor activity 

Study of CECs: Identifying Risk to Ecosystems
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• USGS 

• Continues to conduct CEC surveys and fate studies in US water ways

• USEPA

• 1985 Guidelines for Deriving Numerical National Water Quality Criteria for the 
Protection of Aquatic Life and Their Uses

• Contaminant Candidate List under Safe Drinking Water Act

• Endocrine Disruptor Screening Program

• US States 

• Advisory panels and work groups

• Survey and screening efforts

Study of CECs: Continuing and Interagency Initiatives
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Thank you.

Questions?
Upcoming Presentations

John Ross

jross@brwncald.com


