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Emerging Contaminants
or Contaminants of Emerging Concern, 
or Organic Wastewater Contaminants
• Examples: Pharmaceuticals and personal 
care products (PPCPs), hormones, 
perfluorinated chemicals, flame retardants

• Not currently regulated in drinking water, 
some are candidates (CCL3, UCMR3)

• Frequently detected in surface water, 
groundwater, and drinking water

• Ecological concerns, especially endocrine 
disruption, and human health concerns



How do emerging contaminants get 
into the environment?

http://pubs.acs.org/cen/coverstory/86/8608cover.html



Cape Cod drinking 
water supplies are 
vulnerable

SEPTIC
SYSTEMS

• 85% of homes have 
septic systems

• Sand and gravel 
sole source aquifer

• Rapid development

How do emerging contaminants get into 
Cape Cod groundwater?

http://pubs.acs.org/cen/coverstory/86/8608cover.html
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Silent Spring Institute 
water quality research
• Measure endocrine disruptors and 
other emerging contaminants in 
drinking water, groundwater, ponds

• Evaluate septic systems as sources 
of contaminants and characterize 
subsurface transport

• Inform Cape wastewater 
management and drinking water 
protection decision‐making
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Silent Spring Institute 
Cape Cod water research 

 First study to identify estrogen mimics in 
household wastewater and groundwater

 Comprehensive survey of OWCs from 
septic systems and comparisons to 
sewage treatment plant discharges

Septic systems
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Silent Spring Institute 
Cape Cod water research 

Septic systems

Groundwater

 Some hormone disruptors and other 
OWCs are persistent in groundwater

 Persistence of OWCs depends on 
dissolved oxygen levels
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Ponds

Septic systems

Groundwater

Ponds more impacted 
by residential 

development have 
more hormones and 

pharmaceuticals
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Ponds

Private wells

Public wells

Septic systems

Groundwater

Today’s presentation
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Drinking water study objectives

• Measure OWCs in Cape Cod public drinking 
water wells

• Compare results to other U.S. drinking water 
sources and to health‐based guideline values

• Determine whether land use and chemical 
wastewater markers are predictors of OWCs 

• Inform local discussion of wastewater 
management and drinking water protection
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• Raw water tested for ~100 OWCs
– PPCPs (pharmaceuticals, fragrances)
– Hormones (synthetic and endogenous)
– Perfluorinated chemicals (PFOS, PFOA)
– Alkylphenols and AP ethoxylates
– Herbicides
– Organophosphate flame retardants (e.g., TCEP, TDCPP)

• QA/QC samples (blanks, matrix spike, duplicates)
• Methods: SPE followed by LC/MS/MS or GC/MS
• Analyses conducted by Underwriters Laboratories

Chemical analyses
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Sample collection

• Collected October 2009
• 20 wells in 9 water districts 
• Wastewater impact assessed 

using recent nitrate (NO3
‐) and 

extent of development in 
recharge areas

• Range of pollution impact
– [NO3

‐]: <0.1 to 5.3 mg/L
– Median [NO3

‐]: 1 mg/L
– Median for 9 districts:  0.7 mg/L Schaider et al. 2014. Sci Tot Env. 468-9:384-93.
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Results: OWCs in public wells
• 18 OWCs detected
• OWCs detected in 15 
of 20 wells

• 0–12 OWCs per well
• Most frequently 
detected:
– Sulfamethoxazole 
(antibiotic)

– PFOS (perfluorinated 
chemical)

Maximum detected concentrations, 
by category
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Most frequently‐detected chemicals

Chemical Category
Number of 
detections 
(of 22)

Maximum 
conc. 
(ng/L)

Reporting 
limit
(ng/L)

sulfamethoxazole antibiotic 13 113 0.1

PFOS perfluorinated 9 110 1

carbamazepine anticonvulsant 6 72 1

TEP flame retardant 6 20 10

dilantin anticonvulsant 5 66 2

meprobamate antianxiety 5 5.4 0.1

TCPP flame retardant 5 40 10
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Predictors of OWCs

• Nitrate 
• Boron
• Well depth
• Unsewered development

– Zone of contribution
– 500‐m zone

Example land use types
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Wells near more residential development 
had more emerging contaminants
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Wells with higher nitrate had more 
emerging contaminants

Average
One well
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Predictors of OWCs detected
Spearman correlation coefficients

nitrate boron
%DEV in 
zone of 
contrib.

%DEV 
within 
500m

well
depth

[pharmas] 0.77*** 0.63** 0.43 0.67** ‐0.33

# of detects 0.71*** 0.73*** 0.32 0.52* ‐0.26

 p<0.1, * p<0.05,  ** p<0.01, *** p<0.001

N, B and %DEV within 500 m all correlated with 
pharmaceutical concentrations and with # of detects. 

Schaider et al. 2014. Sci Tot Env. 468‐9:384‐93.



Sulfamethoxazole (antibiotic)

GW = groundwater,   SW = surface water,         = MRL, DL, or lowest value reported
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Carbamazepine (antiepileptic)
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Septic systems are likely main source, 
but other sources contribute

• Wastewater treatment plant effluent 
• Fire fighting foams, aviation‐related sources
• Runoff
• Landfills
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Putting it all together:
Weighing effects of low‐dose exposure
Magnitude of exposures (what is a part per trillion?)
• Pharmaceuticals in drinking water << therapeutic doses
• Exposures through product usage may be much higher
• Current drinking water regulations in μg/L not ng/L

Nevertheless, OWCs in drinking water do raise concerns
• Drugs are potent, intended for specific conditions, and can 

have side effects 
• Regulations do not consider low‐dose endocrine disruption
• Potential synergistic effects of chemical mixtures
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Involvement of water suppliers

• Interested to learn more, despite lack of 
regulations and knowledge of health effects 

• Aware that regulations may be coming, but 
not right away

• How can Cape communities work together to 
better protect drinking water supplies
– Reducing sources
– Protecting zones of contributions
– Raise awareness of groundwater vulnerability 
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“These study results demonstrate the 
importance of source water protection.  
We look forward to working with the 
community and regulators to enhance 
protection efforts.”

‐ Participating supplier
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Summary

• Emerging contaminants detected in most 
public wells tested on Cape Cod

• Levels for several pharmaceuticals span the 
range detected in other US water supplies

• Wells in more densely developed areas had 
more emerging contaminants

• Nitrate and boron were markers of emerging 
contaminants
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