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Why consider passive or low-volume sampling 
for micropollutant analysis in water? 

•  Conventional grab sampling is often inconvenient due to logistics or 
cost associated with sample collection, storage, and preparation. 

•  Temporal variability in pollutant concentrations (e.g. due to storm 
events, tidal flushing, or variable use patterns) may result in 
“missing” pollutants when grab sampling. 

•  Composite sampling is expensive and cumbersome – some 
pollutants may degrade during storage. 

•  Passive samplers can provide “integrative” sequestration of 
pollutants over deployment period (less subject to temporal 
variations).  Challenges exist for quantitation. 

•  Low-volume grab sampling can be accomplished quickly, with 
minimal cost per-sample.  This facilitates high temporal sampling 
resolution and complements passive sampling.  



Water reuse in turf-management: wastewater 
treatment or contaminant source? 

•  Irrigation of turfgrass with 
treated wastewater saves 
valuable potable water 
resources 

•  Turf may act as an 
effective biofilter and 
leach-field for wastewater-
derived contaminants. 

•  Mixtures of wastewater 
contaminants and turf-
management chemicals 
may enter adjacent waters 

•  Effects of these mixtures 
on aquatic wildlife have not 
been well studied 



Kiawah Island, SC, USA 

WWTP	
Land	applica-on	of	WW	for	

golf	course	irriga-on	

Ques%on:	Which	microcontaminants	are	
entering	the	aqua-c	environment	as	a	result	
of	wastewater	reuse	prac-ces	and	what	are	
their	effects?	



Pollutant	monitoring		
on	Kiawah	Island,	SC	
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Field sampling campaign 

•  Daily	low-volume	grab	samples	(50	mL)	of	water	were	collected	
from	each	pond	for	preserva-on	and	online	solid-phase-
extrac-on/LC-MS/MS	analysis	

•  Polar	organic	contaminant	integrated	samplers	(200	mg	of	Waters	
Oasis	HLB	sorbent)	were	deployed	for	two	weeks	within	the	ponds	
on	Kiawah	Island	



Low-volume sampling and Online solid 
phase extraction for micropollutant analysis 

•  FAST	method	for	assaying	
environmental	water	
samples	(pes-cides,	
an-bio-cs,	etc.)	at	low	
ppt	levels	
–  On-line	sample	clean-up	
and	preconcentra%on	

•  2	Columns:	Loading	and	
Analy%cal	

•  2	pumps	
–  High	injec%on	volumes	

•  1	mL-20	mL	



POCIS as passive micropollutant samplers 

•  POCIS	consist	of	broad	spectrum	par-culate	
adsorbents	packaged	within	permeable	
membranes.	

•  Pollutants	diffuse	passively	through	
membranes	and	are	sequestered	on	
adsorbents.	

•  Polar	organic	pollutants	are	preferen-ally	
sampled	by	the	adsorbents.	
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Kiawah POCIS extracts were estrogenic in 
GeneBlazer ERα reporter assays 
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LC-MS	strategies	for	characteriza%on	of	organic	contaminants		

Screening	
technique:	 Targeted		 Suspect		 Non-target	

Ques%on:	 Are	compounds	x,	y,	&	z	
present	in	this	sample?	

Which	compounds	of	a	
defined	list	are	present	in	
this	sample?	

Which	compounds	are	
present	in	this	sample?	

What else is in our samples?  Using POCIS 
extracts to enable contaminant discovery 

LC-MS	strategies	for	characteriza%on	of	organic	contaminants		

Screening	
technique:	 Targeted		 Suspect		 Non-target	

Ques%on:	 Are	compounds	x,	y,	&	z	
present	in	this	sample?	

Which	compounds	of	a	
defined	list	are	present	in	
this	sample?	

Which	compounds	are	
present	in	this	sample?	

Compound	
Types:	 Known-knowns	 Known-unknowns	 Known-unknowns	&	

unknown-unknowns	
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A comprehensive workflow for organic micropollutant 
identification 

1.  Molecular feature detection 
•  De-adduct, de-isotope 
•  Feature = accurate neutral 

mass + retention time 
2.  Molecular formula prediction  

•  Monoisotopic mass 
decomposition  

•  Isotope pattern filtering  
•  Fragmentation tree 

annotation  
3.  Postulate structure  

•  PubChem formula query  
4.  Holistic structure scoring 

•  Combinatorial fragment 
generator 

•  Literature and patent data 
•  Similarity searching 

 



Non-targeted analysis of micropollutants in Kiawah Pond 
extracts: high resolution sampling 



Micropollutant identifications from non-targeted 
screening of Kiawah WWTP POCIS extracts 

Name	
Previously	
detected?	 Formula	 Class	 Name	

Previously	
detected?	 Formula	 Class	

valsartan	 yes	 C24H29N5O3	 high	blood	pressure	 Trimethoprim	 yes	 C14H18N4O3	 an-bio-c	

cer-rizine		 yes	 C21H25ClN2O3	 an-histamine	 Temazepam	 yes	 C16H13ClN2O2	 an--insomnia	

citalopram	 yes	 C20H21FN2O	 an-depressant		 Propanolol	 yes	 C16H21NO2	
high	blood	
pressure	

bupropion	 yes	 C13H18ClNO	 an-depressant		 Sulfamethoxazole	 yes	 C10H11N3O3S	 an-bio-c	
N-
acetylsulfametho
xazole	 yes	 C12H13N3O4S	

transforma-on	
product	 Triclocarban	 yes	 C13H9Cl3N2O	 an-microbial	

DEET	 yes	 C12H17NO	 insect	repellent	
Phthalic_acid_bis-2-
ethylhexyl_ester	 yes	 C24H38O4	 plas-cizer	

Pyroquilon	 yes	 C11H11NO	 pes-cide	 methamphetamine yes	 C10H15N drug	of	abuse	

Diethofencarb	 yes	 C14H21NO4	 pes-cide	 ketamine yes	 C13H16ONCl drug	of	abuse	

Tralkoxydim	 yes	 C20H27NO3	 pes-cide	 piptamine no	 C23H41N 
biogenic	

an-bacterial	

Lidocaine	 yes	 C14H22N2O	 anesthe-c	 hydrobupropion no	 C13H20ONCl 
transforma-on	

product	

Caffeine	 yes	 C8H10N4O2	 s-mulant	 lamictal	 no	 C9H7Cl2N5	 an-convulsant	

Metoprolol	 yes	 C15H25NO3	 high	blood	pressure	 fluconazole	 no	 C13H12F2N6O	 an-fungal	

Rosuvasta-n	 yes	 C22H28FN3O6S	 sta-n	(cholesterol)	 losartan	 no	 C22H23ClN6O	
high	blood	
pressure	

Carbamazepine	 yes	 C15H12N2O	 an--epilep-c	 irebesartan	 no	 C25H28N6O	
high	blood	
pressure	



POCIS sampling for micropollutant analysis in San 
Francisco Bay waters 

POCIS	samplers	were	deployed	at	three	sites	
around	SF	Bay	for	targeted	and	non-targeted	
pollutant	analysis	



POCIS vs. grab samples: How quantitative is 
POCIS sampling? 



POCIS extracts complement grab sample 
extracts for non-targeted analysis 



POCIS extracts complement grab sample 
extracts for non-targeted analysis 



Conclusions 
•  Low-volume sampling simplifies sample collection logistics, 

eliminates on-site sample preparation requirements, and simplifies 
storage and transport of water samples for micropollutant analysis. 

•  Online solid-phase-extraction coupled with LC-MS/MS allows high 
sensitivity micropollutant analysis with low-volume samples. 

•  POCIS passive samplers are effective integrative tools for both 
targeted and non-targeted analysis of polar micropollutants in water. 

•  POCIS extracts are amenable to use with in vitro bioassays for 
effects assessment. 

•  For many micropollutants, POCIS extract concentrations correlated 
well with corresponding grab sample water extract concentrations. 

•  POCIS complements grab (and composite) sampling, especially for 
more qualitative, non-targeted micropollutant screening. 
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