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>87,000 commercially 
available chemicals
(2,000 added annually)





100 % ingested

30-90% Excreted

One person’s 
wastewater 
is another 
person’s 
medication.

Reason 1

DEET, MUSK
PCP



Wastewater Groundwater Drinking water 
well

Wastewater Lake, stream, 
river

Drinking water 
supply

There are numerous pathways from wastewater to 
drinking water supplies that do not complete the 
removal of CEC.

Reason 1



Reason 1

exposure



Reason 2

Humans may not get a 
good dose but they do !

Reproductive effects of endocrine disrupting chemicals, bisphenol-
A and 17b-oestradiol, on Cerastoderma edule from south-west 
England: field study and laboratory exposure

Carbamazepine disrupts molting hormone signaling and 
inhibits molting and growth of Eriocheir sinensis at 
environmentally relevant concentrations.

Effect of polycyclic musk compounds on aquatic 
organisms: A critical literature review supplemented 
by own data

Intersex occurrence in rainbow trout 
(Oncorhynchus mykiss) male fry chronically 
exposed to ethynylestradiol.



Reason 2



The top three concerns of 
CEC in wastewater

•Endocrine disruption

•Direct toxicity

•Antibiotic/antimicrobial activity



Endocrine disruption is 
one of the most insidious 
impacts of any 
wastewater contaminant

Personal opinion

Concern #1



Concern #1



How does this happen?  It turns out 
that you actually can fool Mother 
Nature.

Many hormones are regulated 

by feedback loops where the 

concentration of the hormone 

limits its further production.

Some CEC “lock into” receptors 

and hence may sent the wrong 

signal to the body, either 

shutting off or ramping up the 

production of the hormone.



•Antibiotics
•Cancer therapies
•Pesticides

Concern #2



Issues with
Antimicrobials/antibacterials

• Inducing antibiotic resistance (more 
of an issue with spreading of animal 
manure –veterinary medications)

• Direct effect on wastewater biology 
(generally episodic in nature)

Concern #3



Gene swapping 

undoubtedly occurs, but 

the implications of this 

are likely minimized by 

the nature of a septic 

system that has a soil 

absorption  component.



Reasons why the onsite septic system may be an 
efficient, sustainable way to treat for CEC and offer 
better treatments than centralized systems.



** Excellent meta-analysis of data

** Excellent study review



Reasons why the onsite septic system may be an efficient, sustainable 
way to treat for CEC and offer better treatments than centralized 
systems.

• They provide for longer residence times for treatment.
• They provide the possibility for more diverse biological community 

development.
• Possibly more opportunity for source management



=
• Oxic conditions provided by 

soil absorption systems 

and/or advanced treatment 

units promote better CEC 

removal (particularly for 

estrogen-like compounds).



DRIP DISPERSAL SHALLOW DRAINFIELD

3 year study

2010-2012

3 year study

2011-2013





Soil Column studies at MASSTC indicated improved removal of 
many CEC with soil containing 5 – 10 % fine material compared 
with ASTM C33 Sand. 



The general pattern of higher attenuation in soils containing 5%-10% 
fine material  was found for acetaminophen, atenolol, atorvastatin, 
caffeine, DEET, diclofenac, ibuprofen, naproxen, sulfamethoxazole, 
and trimethoprim.  
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Take Home Messages
Finer textured soils remove a 
higher percentage of many, but 
not all CEC tested.

Removal for some CEC improves 
over time for some compounds 
tested (particularly in fine 
textured soils).

In general, higher hydraulic 
loading rates translates to less 
removal.



• Nature of the compound

• Oxygen availability

• Bacteria and other fauna 

diversity in the receiving 

environment

• Retention time during treatment



What we don’t know

• The effect of varying hydraulic loading rates on CEC removal 
and transformation.

• The effect of various dispersal means, configurations (gravity 
vs. pressure-dosed) or dosing strategies on CEC removal.

• The effect of various advanced treatment options on CEC 
removal.

• Which coupling of treatment technology and soil absorption 
system configurations will optimize removal.

• Byproducts, sisters, daughters, conjugates and deconjugates



Why don’t we know 
what we don’t know?

(some reasons)

• There are many  variables 
involved

• Research needed at testbeds 
where variables can be isolated

• Analytical costs are high and 
research money scarce



Bottom line?

There is hope

HOPE



If you give a bacteria community long 
enough, they will eventually find a way 
to extract their energy requirements 
from just about anything. 
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Finally Breaking 

News !



Laccase and other 
ligninolytic enzymes
Possible wildcards in the 
race to treat CECs

Breaking News





vs

advanced oxidation processes Enzymatic processes



Laccase and other enzymes prevalent in cellulose-based 
denitrification may be recruits in the plight to break down the 
recalcitrant CEC




