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Which organic pollutants occur in 
environmental waters? 
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•  Chemical	space	is	vast.		How	can	we	assess	which	
chemicals	in	commerce	are	important	as	emerging	
pollutants	in	the	aquaNc	environment?	

•  Chemical	use,	producNon,	and	regulaNon	lists	are	
incomplete.	

•  (Bio)transformaNon	makes	prioriNzaNon	more	difficult	
and	compound	idenNficaNon	challenging.	
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Targeted vs. Non-targeted analysis 

Separation Detection Signal Outcome 



Ultra-high resolution mass 
spectrometry for non-targeted 

analysis 
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•  Orbitrap	Fusion	Lumos	mass	
spectrometer	

•  CriNcal	resoluNon	(500,000)	and	mass	
accuracy	(<	1	ppm)	

•  Ultra-fast	data-dependent	MS/MS	
maximizes	data	acquisiNon	rate	

•  MS3	capability	for	structural	
characterizaNon	

•  Ion	funnel	gives	maximum	sensiNvity	

Method:	45	minute	UPLC-HRMS/MS	
analysis,	ESI+/-,	data-dependent	
acquisiNon,	internal	mass	calibraNon	
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Data analysis:  The hard part! 

Overall non-targeted analysis workflow:  



Objectives 

•  Utilize high-resolution mass spectrometry strategies to identify non-
targeted polar organic pollutants in San Francisco Bay waters. 

•  Assess the performance of passive sampling vs. grab sampling 
strategies for non-targeted analysis of organic pollutants in Bay 
waters. 

•  Examine differences in organic pollutant occurrence and 
abundance among Bay waters with various pollutant sources. 

•  Perform reconnaissance of emerging contaminant occurrence in 
drinking water sources within three watersheds of North Carolina. 
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Emerging pollutants in SF Bay waters 
•  Ambient Bay sample collection: 

•  Three sites were sampled: San 
Leandro Bay (March 2016), Napa River 
(April 2016), and Coyote Creek (Aug/
Sept. 2016) 

•  POCIS were deployed for one month at 
each site. 

•  Grab samples (4L volume, one 
collected in triplicate) were taken at 
sites on POCIS deployent & retrieval. 

•  Field blanks collected for POCIS and 
grab samples. 

•  Four WWTP effluent grab samples were 
collected.  Sampling sites were located 
near the San Leandro Bay and Coyote 
Creek sites 
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Concentra)ons		
in	ng/L	

Detec)on	
Limit		

Napa	
River	
Deploy	

Napa	
River	

Retrieval	

San	
Leandro	
Bay	Field	
Blank		

San	
Leandro	
Bay	

Deploy		

San	Leandro	
Bay	Retrieval		

Coyote	
Creek	
Deploy		

Coyote	
Creek	

Retrieval		

WWTP	
Site	A	

WWTP	
Site	B	

WWTP	
Site	C	

WWTP	
Site	D	

WWTP	
Site	D	
Field	
Blank	

Agrochemicals:	 		 		 		 		 		 		 		 		 		 		 		 		 		

Allethrin	 1.2	 		 		 		 1.33	±				
0.13	 		 		 		 		 		 		 		 		

Atrazine	 0.06	 		 1.10	±	
	0.072	 		 		 		 		 		 		 		 		 0.296	 		

Azoxystrobin	 0.6	 3.09	 3.51	±	
0.28	 		 		 		 		 		 		 		 0.68	±	

0.29	 3.30	 		

Benomyl	 0.06	 		 		 		 		 		 		 		 23.3	 		 		 		 		

Carbaryl	 0.6	 5.33	 3.87	±	
0.27	 		 		 0.628	±	

	0.074	 0.07	 		 		 		 		 		 		

Carbendazim	 0.06	 1.39	 0.964	 0.884	±	
	0.38	

2.97	±	
0.74	

2.21	±	
	0.28	

6.29	±	
	0.14	

9.82	±	
	0.15	 86.6	 39.2	 40.5	±	

2.1	 75.0	 		

Deet	 0.6	 1.82	 2.98	±	
	0.033	

0.875	±	
0.37	

7.13	±	
0.84	

10.4	±	
	1.8	

4.31	±	
0.43	

13.6	±	
0.84	 264	 61.3	 65.0	±	

0.58	 13.1	 		

Fluoxastrobin	 0.06	 1.10	 0.913	±	
0.057	

1.70	±	
0.28	 		 		 0.40	 0.29	±	

0.19	 		 0.13	 0.14	 		 1.73	

Fluridone	 0.6	 1.52	 1.21	±	
	0.019	 		 		 		 1.83	±	

0.074	
1.81	±	
0.20	 1.56	 		 3.30	±	

	0.18	 6.13	 		

Imazapyr	 0.6	 		 		 		 		 		 		 		 1.10	 		 		 		 		

Metalaxyl	 0.06	 		 		 		 		 		 0.07	 		 		 		 0.17	 		 		

Prometon	 0.06	 0.34	 0.512	±	
0.012	

0.494	±	
0.019	

1.47	±		
0.030	

1.29	±	
0.074	

0.319	±	
0.017	

0.12	±	
0.12	 		 0.61	 0.42	±	

	0.079	 5.40	 		

Simazine	 0.6	 5.41	 3.96	±	
0.20	 		 		 0.63	±	

0.074	 		 		 		 		 		 0.98	 		

Sulfapyridine	 0.6	 		 		 		 		 		 1.36	±	
0.71	

4.59	±	
1.1	 50.4	 49.5	 144	±	

4.9	 126	 		

Tertbutylazin-desethyl	 0.6	 5.41	 3.95	±	
0.20	 		 		 		 		 		 		 		 		 0.979	 		

Propiconazole	 0.6	 0.14	 		 3.03	±				
0.331	

2.28	±	
0.12	

8.14	±	
0.54	 		 		 		 		 		 4.05	 2.38	

Pharmaceu1cals:	 		 		 		 		 		 		 		 		 		 		 		 		 		

Carbamazepine	 0.6	 1.27	 1.00	±	
	0.11	 			 0.822	±	

0.10	
1.16	±	
0.067	

13.1	±	
	0.12	

23.1	±	
	1.1	 107	 125	 101	±	

	2.0	 128	 		

Ce)rizine	 0.6	 1.50	 1.70	±	
	0.24	 		 		 1.03	±	

	0.40	
15.5	±	
	0.41	

39.9	±	
1.3	 241	 440	 475	±	

24	 454	 		

cis-Dil)azem	 0.06	 0.19	 		 0.132	±	
0.007	 		 		 0.33	 0.98	±	

	1.3	 		 21.1	 46.7	±	
4.1	 45.0	 		

Citalopram	 0.06	 0.045	 		 0.180	±	
	0.014	 		 		 0.095	±	

	0.10	 		 		 51.4	 58.0	±	
	0.92	 		 		

Dextromethorphan	 0.06	 0.02	 		 		 		 		 		 		 		 18.3	 23.2	±	
0.78	 		 		

Diphenhydramine	 0.06	 0.048	 		 0.086	±	
0.009	 		 		 		 		 0.12	 18.8	 34.8	±	

3.2	 0.508	 		

Genistein	 1.2	 		 		 		 9.15	±	
0.11	 		 		 		 		 		 		 		 		

Irbesartan	 0.6	 0.04	 		 		 		 		 2.11	±	
0.21	

3.92	±	
0.98	 26.3	 24.1	 70.2	±	

0.31	 64.1	 		

Pramoxine	 0.06	 0.23	 0.215	±	
0.016	

0.543	±	
0.024	 		 		 		 0.21	±	

0.32	 3.68	 6.58	 0.40	±	
0.32	 0.092	 		

Propanolol	 0.06	 0.29	 0.179	±	
0.013	

0.51	±	
0.029	 		 		 		 		 		 16.4	 		 0.093	 		

Rosuvasta)n	 0.6	 		 		 		 		 		 		 		 49.1	 		 1.65	±	
0.41	 5.94	 		

Trimethoprim	 0.06	 0.16	 0.131	 		 		 		 		 0.43	 41.0	 3.81	 5.67	±	
	0.52	 9.49	 		

Verapamil	 0.6	 0.10	 		 		 		 		 		 		 		 7.05	 7.72	±	
1.0	 5.27	 		

		 		 		 		 		 		 		 		 		 		 		 		 		

Benzotriazole	 0.06	 4.28	 16.9	±	
1.6	

0.395	±	
0.021	

38.1	±	
	1.7	

30.7	±	
	3.7	

346	±	
36	

792	±	
	9.4	 1252	 701	 606	±	

	12	 1443	 		

Target Analyte Quantitation 

•  A variety of agrochemicals 
and pharmaceutical 
compounds were detected 
in WWTP effluents and Bay 
waters at typically ppt 
levels. 

•  Benzotriazole was the most 
abundant targeted 
micropollutant in Bay water 
(Coyote Creek), consistent 
with high levels in WWTP 
effluent. 

•  Target analyte levels in 
POCIS extracts generally 
correlated with water 
concentrations (grab 
samples) for all sites. 
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Log	intensity	scale,	max	area	
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Non-targeted analysis: Data set characteristics 

Total	#	compounds:	4965	
Not	on	target	list:	4630	



How well do POCIS extract intensities correlate 
with intensities of compounds in grab samples? 
•  High MW, low abundance compounds correlate 

well at each location. 
•  Poor correlation is observed for higher 

abundance compounds in all locations. 
•  San Leandro Bay POCIS data underpredicts 

abundance in grab samples 
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Non-targeted analysis data overview: POCIS vs. Grab samples 

San Leandro Bay 

Coyote Creek Napa River 



San Leandro Bay 
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Non-targeted analysis data overview: POCIS and grab 
sample compound abundance by site 

Coyote Creek Napa River 

Deployment 

Retrieval 

POCIS 



1,252 Compounds 
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Differential analysis: Relative abundance of compounds in 
San Leandro Bay vs. WWTP Effluent (average) 
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Identifying compounds in San 
Leandro Bay water: 
•  Big picture: SLB is extremely 

complex: Higher pollutant 
burden than wastewater effluent! 

•  Large number (> 50) high 
confidence MS/MS library hits 
from mzCloud spectral library. 

•  Occurrence of many 
polyethoxylated compounds 
indicates untreated contaminant 
source. 

•  Highest abundance compounds 
identified are fungicide 
myclobutanil and several 
polymer/rubber additives. 

•  Pharmaceuticals and illicit drugs 
are also identified with high 
confidence. 



Myclobutanil: Conazole 
fungicide used to control 
fungal infections in table & 
wine grapes (primarily in 
California).  Also used for 
cannabis cultivation. 
 
http://www.toxipedia.org/display/toxipedia/
Myclobutanil 
 

Match score: 81% 
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H3C

N

N

N

N

Cl



44	Compounds	
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Differential analysis: Relative abundance of compounds in 
Napa River vs. WWTP Effluent (average) 
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Identifying compounds in Napa 
River water: 
•  Far fewer compounds had 

elevated levels in Napa River 
water relative to WWTP effluent. 

•  Only one compound (2-
hydroxysimazine) matched with 
high confidence to library 
spectra. 

•  Highly uncertain (mass-only) 
tentative identifications of other 
compounds indicates many 
natural products. 

•  No indication of significant 
wastewater pollutant sources in 
the Napa River. 

•  Several candidates had MS/MS 
spectra consistent with 
agrochemicals and commercial 
chemical transformation 
products. 



Match score: 94% 
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2-Hydroxysimazine: 
Transformation product of 
the widely-used triazine 
herbicide simazine 
(broadleaf weed and grass 
killer). 

CH3

N

NH

N

CH3

N

HN

HO



20	Compounds	
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Differential analysis: Relative abundance of compounds in 
Coyote Creek vs. WWTP Effluent (average) 
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Identifying compounds in Coyote 
Creek water: 
•  Few unique compounds in 

Coyote Creek. 
•  Most detected compounds are 

also found in high abundance in 
WWTP effluent (Coyote Creek 
resembles diluted effluent). 

•  No high confidence 
identifications from Spectral 
library. 

•  Several low-confidence spectral 
library matches can be 
examined. 



Match score: 52% 

20	

3,3’-Dimethoxybenzidine?: 
This could be a reductive 
transformation product of 
diazobenzene dyes, but the 
spectral match is relatively 
poor. 

CH3
O

H2N

O
H3C

NH2
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Can library match be 
verified by in silico 
fragmentation? 
Computational fragment 
tree analysis by Sirius 
3.4 supports the 
assignment of 
C14H16N2O2 as candidate 
molecular formula… 
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Can library match be 
verified by in silico 
fragmentation? 
… however, structural 
fragment matching does 
not support identity of 
compound as 3,3’-
dimethoxybenzidine. 
An alternative identity 
may be Amidate 
(Etomidate), an 
anesthetic/hypnotic 
compound used in 
medical procedures.  
This must be considered 
a tentative identification. 
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Alternative approaches for 
prioritizing compounds for 
identification: 
•  Chlorine isotope matching 

on molecular ion clusters. 
•  This approach uses allows 

“identity-blind” focus on 
chlorine and/or bromine-
containing compounds in 
samples. 

•  Spectral library matches 
were available for only 18 
“Cl”-pattern matched 
compounds in the SF Bay 
sample set. 

•  Most of these compounds 
were pharmaceuticals 
and/or agrochemicals. 
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6-Chloro-5-methyl-1H-1,2,3-
benzotriazole:  
Chlorinated benzotriazoles are 
used in polymer additive UV 
inhibitors.  This may be a 
precursor or transformation 
product of such polymer 
additives. 

Match score: 79.6% CH3

ClN

HN

N



Conclusions: SF Bay 
•  Bay waters are impacted by a variety of organic pollutant 

sources. 

•  Stormwater seems to be an important contributor of organic 
organic pollutant burdens in some areas of the Bay, as 
illustrated by findings of abundant polyethoxylated compounds 
and additive chemicals in San Leandro Bay. 

•  Agrochemicals and natural products appear to be the organic 
compounds most specifically detected in the Napa River. 

•  Passive sampling and discrete grab-sampling are 
complementary approaches for non-targeted analysis of 
ambient waters. 
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Emerging pollutants in NC river water 
•  Discovery of GenX (next-generation 

PFOA replacement chemical) at high 
levels in drinking water downstream 
of a manufacturer on the Cape Fear 
river has heightened awareness of 
emerging pollutants in NC waters. 

•  Col laborat ion wi th non-pro f i t 
riverkeeper alliances and EPA NERL 
(RTP) establ ished to perform 
e m e r g i n g  c o n t a m i n a n t 
reconnaissance.  

•  Initial non-targeted analysis work has 
focused on source (raw) and treated 
(drinking) waters in three basins 
within NC. 
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Catawba river: highly 
urbanized, significant 
wastewater inputs.  
Drinking water source for 
Charlotte, NC Metro area 

Haw river: within the 
Cape Fear watershed.  
Industry and urbanization 
are likely pollution 
sources. 

Neuse river: agriculture is the 
dominant land-use.  Tobacco, 
corn, hog farms ubiquitous 
throughout watershed. 



Haw Neuse Catawba Raw Catawba Drink 

C2T	 C3T	 C5T	 C4T	 C2R	 C3R	 C4R	 C1R	 C5R	 C1T	 N1	 N2	 N3	 H2	 H3	 H1	 H4	

•  Non-target	analysis	by	LC-
HRMS/MS	(Orbitrap	Fusion	
Lumos)	

•  PosiNve	ion	detecNon	only	
•  Sampling	dates:	

•  Catawba:	1/24/2018	
•  Haw:	3/14/2018	
•  Neuse:	3/27/18	

•  5,450	Compounds	detected	
•  293	Compounds	with	
spectral	library	match	>	75%	

Cluster	of	compounds	enriched	
within	a	specific	Haw	River	
sample			



Haw Neuse Catawba Raw Catawba Drink 



Haw Neuse Catawba Raw Catawba Drink 

C2T	 C3T	 C5T	 C4T	 C2R	 C3R	 C4R	 C1R	 C5R	 C1T	 N1	 N2	 N3	 H2	 H3	 H1	 H4	
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Haw Neuse Catawba Raw Catawba Drink 
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Haw Neuse Catawba Raw Catawba Drink 

C2T	 C3T	 C5T	 C4T	 C2R	 C3R	 C4R	 C1R	 C5R	 C1T	 N1	 N2	 N3	 H2	 H3	 H1	 H4	



Haw Neuse Catawba Raw Catawba Drink 



Conclusions: NC River monitoring 
•  A wide range of unregulated emerging contaminants were 

detectable in river waters across the state of North Carolina. 

•  Abundant compounds in the Haw River watershed included 
markers of urban stormwater, including tire-related chemicals 
and polymer additives. 

•  The Neuse river showed evidence of agrochemical 
contamination, consistent with land-use practices in the 
watershed. 

•  Non-targeted analysis of paired raw/drinking water revealed 
disinfection byproducts and suspected piping-derived polymer 
additive chemicals in finished drinking waters. 
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Future directions 
•  Statistically-sound, comprehensive identification of organic 

pollutants in water using a harmonized workflow: in silico MS/MS 
and evidence-based prioritization (moving beyond library matching). 

•  Application of computational transformation product prediction from 
identified “leads” for drilling-down into possible pollutant TP 
identifications. 

•  Enhanced prioritization of compound identification using pairwise 
differential analysis among spatial and temporal samples. 

•  Annotation of compound identifications by molecular ontology, 
functional use, and toxicity data/predictions using open-source tools 
including EPA CompTox Dashboard. 

38	



Acknowledgements 

39	

Thermo Fisher Scientific 
•  Michael Hauer 
•  Jonathan Beck 
•  Dipankar Ghosh 
•  Richard Jack 

San Francisco Estuary Institute 
•  Staff of the Regional Monitoring Program 
•  Participating wastewater treatment plants 

Collaborators 
•  Heather Stapleton (Duke) 
•  Tara Sabo Attwood (U. Florida) 
•  Mark Strynar (US EPA) 
 
NC Riverkeepers Alliance 
•  Emily Sutton (Haw River) 
•  Sam Perkins (Catawba River) 
•  Matthew Starr (Neuse River) 

Ferguson Lab Group 


