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Paper 1: Sengupta et al., 2013 

Sengupta, A., Lyons, J.M., 
Smith, D.J., Drewes, J.E., 
Snyder, S.A., Heil, A. and 
Maruya, K.A. (2013) The 
Occurrence and Fate of 
Chemicals of Emerging 
Concern in Coastal 
Urban Rivers Receiving 
Discharge of Treated 
Municipal Wastewater 
Effluent. Environmental 
Toxicology and 
Chemistry 33(2), 350-
358. 
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The occurrence and fate of chemicals of emerging concern in coastal urban 
rivers receiving discharge of treated municipal wastewater effluent 

Environmental Toxicology and Chemistry 
Volume 33, Issue 2, pages 350-358, 7 JAN 2014 DOI: 10.1002/etc.2457 
http://onlinelibrary.wiley.com/doi/10.1002/etc.2457/full#etc2457-fig-0001 

Sampling stations for the Los Angeles River (LA1–6) 
watershed. River water samples were collected 
during 2 events (July 2011 and October 2011) 
during low‐flow conditions. REF = reference station; 
WRP = water reclamation plant. 
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The occurrence and fate of chemicals of emerging concern in coastal urban 
rivers receiving discharge of treated municipal wastewater effluent 

Environmental Toxicology and Chemistry 
Volume 33, Issue 2, pages 350-358, 7 JAN 2014 DOI: 10.1002/etc.2457 
http://onlinelibrary.wiley.com/doi/10.1002/etc.2457/full#etc2457-fig-0002 

Sampling stations for the San Gabriel River (SG1–6) watershed. River water samples were 
collected during 2 events during low‐flow conditions. The left map is for event 1 in July 2011, and 
the right map is for event 2 in October 2011. The location of station SG3 differed between 
events because of managed flow diversions. REF = reference station; SJC1 = San Jose Creek 
targeted station; WRP = water reclamation plant. 
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The occurrence and fate of chemicals of emerging concern in coastal urban 
rivers receiving discharge of treated municipal wastewater effluent 

Environmental Toxicology and Chemistry 
Volume 33, Issue 2, pages 350-358, 7 JAN 2014 DOI: 10.1002/etc.2457 
http://onlinelibrary.wiley.com/doi/10.1002/etc.2457/full#etc2457-fig-0003 

Modeled water velocity profiles 
and estimated hydraulic 
residence times (in days) for the 
(A) Los Angeles River and (B) 
San Gabriel River during 
low‐flow conditions. The 
confluence point of the river 
and the ocean is considered as 
river kilometer = 0. 
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The occurrence and fate of chemicals of emerging concern in coastal urban 
rivers receiving discharge of treated municipal wastewater effluent 

Environmental Toxicology and Chemistry 
Volume 33, Issue 2, pages 350-358, 7 JAN 2014 DOI: 10.1002/etc.2457 
http://onlinelibrary.wiley.com/doi/10.1002/etc.2457/full#etc2457-fig-0004 

In‐stream concentration profiles of 
(A) chlorinated phosphate flame 
retardants (TCPP, TDCPP, and TCEP) 
and (B) selected PPCPs for the Los 
Angeles River (July 2011). The 
confluence point of the river and the 
ocean is considered as river 
kilometer = 0. The units plotted for 
discharge are (m3/s × 100). 
WRP = water reclamation plant; 
• TCPP = tris(1‐chloro‐2‐propyl) 

phosphate; 
• TDCPP = tris(1,3‐dichloro‐2‐propyl) 

phosphate;  
• TCEP = tris(2‐chloroethyl) phosphate; 

DEET = N,N,diethyl‐meta‐toluamide. 
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The occurrence and fate of chemicals of emerging concern in coastal urban 
rivers receiving discharge of treated municipal wastewater effluent 

Environmental Toxicology and Chemistry 
Volume 33, Issue 2, pages 350-358, 7 JAN 2014 DOI: 10.1002/etc.2457 
http://onlinelibrary.wiley.com/doi/10.1002/etc.2457/full#etc2457-fig-0005 

In‐stream concentration profiles of (A) 
chlorinated phosphate flame retarding 
chemicals and (B) selected pharmaceuticals 
and personal care products (PPCPs) for the 
San Gabriel River (October 2011). The 
confluence point of the river and the ocean 
is considered as river kilometer = 0.  
• DEET = N,N,diethyl‐meta‐toluamide;  
• TCPP = tris(1‐chloro‐2‐propyl) 

phosphate; 
• TDCPP = tris(1,3‐dichloro‐2‐propyl) 

phosphate;  
• TCEP = tris(2‐chloroethyl) phosphate. 
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Paper 2: Jurgens et al., 2002 
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The potential for estradiol and ethinylestradiol degradation in english rivers 

Environmental Toxicology and Chemistry 
Volume 21, Issue 3, pages 480-488, 5 NOV 2009 DOI: 10.1002/etc.5620210302 
http://onlinelibrary.wiley.com/doi/10.1002/etc.5620210302/full#fig1 

Half‐lives and standard deviations of 17β‐estradiol (E2) in water samples collected from 
five sites on four occasions in 1999 and 2000 (Thames Wallingford, UK — — • — —, 
Calder Brighouse (upstream) — — ▴ — —, Aire Riddlesden (upstream) — — ▵ — —, 
Calder Methley Bridge (downstream) — ♦ —, Aire Beal (downstream) — # —). 
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The potential for estradiol and ethinylestradiol degradation in english rivers 

Environmental Toxicology and Chemistry 
Volume 21, Issue 3, pages 480-488, 5 NOV 2009 DOI: 10.1002/etc.5620210302 
http://onlinelibrary.wiley.com/doi/10.1002/etc.5620210302/full#fig2 

Aerobic degradation of 17β‐estradiol 
(E2) (100 μg/L — — ▵ — — and 100 
ng/L — ▴ —) in River Thames, UK, 
water (January 18, 2000), means and 
standard deviations of three 
replicates; (a) disappearance of the 
parent product, (b) evolution and 
subsequent degradation of the first 
metabolite estrone (E1). 
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The potential for estradiol and ethinylestradiol degradation in english rivers 

Environmental Toxicology and Chemistry 
Volume 21, Issue 3, pages 480-488, 5 NOV 2009 DOI: 10.1002/etc.5620210302 
http://onlinelibrary.wiley.com/doi/10.1002/etc.5620210302/full#fig3 

Comparison of biodegradation of 17β‐estradiol (E2) and ethinylestradiol (EE2) in a 
Thames River water sample (March 2, 2000, means and standard deviations of three 
replicates). 
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The potential for estradiol and ethinylestradiol degradation in english rivers 

Environmental Toxicology and Chemistry 
Volume 21, Issue 3, pages 480-488, 5 NOV 2009 DOI: 10.1002/etc.5620210302 
http://onlinelibrary.wiley.com/doi/10.1002/etc.5620210302/full#fig4 

Mineralization of 17β‐estradiol (E2) (500 μg/L) measured by evolution of 14CO2 
from a radiolabeled analogue in river water samples taken from the rivers Aire, 
Calder, and Thames, UK (means and standard deviations of three replicates). 
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The potential for estradiol and ethinylestradiol degradation in english rivers 

Environmental Toxicology and Chemistry 
Volume 21, Issue 3, pages 480-488, 5 NOV 2009 

Loss of 17β‐estradiol (E2) (— — • — —) with formation and subsequent loss of estrone 
(E1) (— — ▄ — —), correlated with overall estrogenicity measured by the yeast estrogen 
screen (YES) assay (— ♦ —) for river water collected from the River Thames (March 2, 
2000, means and standard deviations of three replicates). Note that where E2 levels rise 
before falling, it is due to incomplete dissolution of the steroid at time 0. 
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The potential for estradiol and ethinylestradiol degradation in english rivers 

Environmental Toxicology and Chemistry 
Volume 21, Issue 3, pages 480-488, 5 NOV 2009 DOI: 10.1002/etc.5620210302 
http://onlinelibrary.wiley.com/doi/10.1002/etc.5620210302/full#fig6 

Photodegradation of 17β‐estradiol (E2) (— — ▴ — —) or ethinylestradiol (EE2) (— • —
) (means of two replicates; the standard deviation of the replicates was < 3%), compared 
to dark controls (open symbols). 
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Occurrence in New England 

 Most work of surface waters has focused on watersheds 
presumed to be impacted by wastewater 
 Merrimack, Assabet 
 USGS, UMass-Amherst, Harvard SPH 

 Groundwater studies have focused on the Cape 
 Silent Spring Institute 

 Some studies on raw drinking waters 
 UMass WRF study 

 The good news: little has been found to date 



USGS Survey 

 138 stream sampling sites 
 Kolpin et al., 2002 



 a 



 sd 



A General Modeling Approach? 
Plosz, B.G., Benedetti, L., Daigger, G.T., Langford, K.H., Larsen, H.F., Monteith, H., Ort, C., Seth, R., Steyer, J.P. and 
Vanrolleghem, P.A. (2013) Modelling micro-pollutant fate in wastewater collection and treatment systems: status and 
challenges. Water Science and Technology 67(1), 1-15. 
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A simple partition model based on 
sorption & volatilization effects 

 Assumptions 
 Ta=283 K 
 M=200 g/mole 
 Uw = 5 mph 
 vs =91 m/yr 

Henry’s Law Constant 



Sorption 
 Summary of Kow 

and TSS effects 
 From Chapra, pg. 

722 

Fraction particulate 



Octanol:water partitioning 

 2 liquid phases in a separatory funnel 
that don’t mix 
 octanol 
 water 

 Add contaminant to flask 
 Shake and allow contaminant to reach 

equilibrium between the two 
 Measure concentration in each (Kow is 

the ratio) 



Box and Whisker Plots 

 Useful for summarizing non-ideal data distributions 

x 

Thickness is proportional to the 
square root of the number of 
observations 

Median Lower data range Upper data range 

outlier 

Upper quartile 
Lower quartile 



Classification based on partitioning  In terrestrial (soil) systems 
 m = 105 to 106 mg/L 

 Immobile: Kd > 50 L/kg 
 Slightly mobile: Kd = 5-50 L/kg 
 Medium to highly mobile: Kd < 5L/kg 

 In aqueous systems 
 @m = 100 mg/L 

 Particulate based: Kd >10,000 L/kg 
 Solution based: Kd <10,000 L/kg 



Estimation of (Kd) partition coefficients 

 Relationship to organic fraction 
 

 and properties of organic fraction 
 

 combining, we get: 

ococd KfK =

owoc KxK 71017.6 −= Octanol:water partition 
coefficient 

owocd KfxK 71017.6 −=

Karickhoff et al., 1979; Wat. Res. 13:241 
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foc = Fraction of particle that is organic material 



Other correlations 

 Karickoff, 1979 
 
 

 Karickoff, 1981 
 

 Schwarzenbach 
 

owoc KxK 71017.6 −=
Karickhoff et al., 1979; Wat. Res. 13:241 
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Karickhoff 1981; Chemosphere 10:833 

Schwarzenbach & Westall 1981; Env. Sci. Techn. 
15:1630 

Based on neutral organic compounds 



Tetracycline 
 

Tolls, 2001; Env. Sci. Technol., 35(17)3397 



 

Tolls, 2001; Env. Sci. Technol., 35(17)3397 



 Nearly all values fall above Karickoff ’s relationship 

84.057.2 owoc KK =

Tolls, 2001; Env. Sci. Technol., 35(17)3397 



Structure and sorption 

7.7 

500 

Kd (L/Kg) 

Both based on same 
soil (8% clay fraction, 
montmorillonite) 

Tolls, 2001; Env. Sci. Technol., 35(17)3397 

 Enrofloxacin and Decarboxy Enro 
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 To next lecture 
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