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What 	are	the	next 	emerging	contaminants	and
 
how can	 we find	 them in	 the environment?
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1970s	-	2010	 

Environmental 
AnalyMcal Chemist: 
2010	&	beyond 



	 	 	 	 	 	 		

		 	

	 	 	 	 	 	
	 	 	

	 	 	 	
	 	 	

	 	

	 	 	
	 	 	

	 	 	 	 	
	

	 	 	 	 	 	 		

		 	

	 	 	 	 	 	
	 	 	

	 	 	 	
	 	 	

	 	

	 	 	
	 	 	

	 	 	 	 	

LC-MS strategies for characterizaKon of organic contaminants

Screening	
technique:	 Targeted Suspect	 Non-target	

QuesKon: 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?

LC-HRMS: An emerging technique for
 
environmental 	exposomics
 

LC-MS strategies for characterizaKon of organic contaminants 

Screening	 Targeted Suspect	 Non-target	 technique:	 
Which compounds of a Are compounds x, y, & z	 Which compounds are QuesKon: defined list	 are present	 in present	 in this sample? present	 in this sample? this sample? 

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



	 	 	 	 	 	 	 	
	 	

	

	

	

	 	 	

	 	 	 	

	 	 	 	

	 	 	 	

	 	
	 	 	 	 	

Why do we use HRMS for non-targeted analysis
 
of pollutants?
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R	 =	 500 

R	 =	 5,000 

R	 =	 50,000 

Mass error (ppm) =	 
(Δm/m)	x	106	 

500 ppm (~0.1175 Da) 
50 ppm (~0.0117 Da) 
5 ppm (~0.0012 Da) 

Orbitrap: R	 =	 100,000 
Error: <	 2 ppm (0.0005 Da) 

235.18136
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SemivolaKle 	organic 	contaminants	in	the indoor
 
environment: a 	challenging	 “exposome”
 

•	 Research on SVOCs has focused on occurrence and effects in the ambient	 environment	 
–	 there have been few comprehensive studies on human exposure indoors 

•	 SVOCs escape from household products over Mme and may accumulate in the indoor 
environment	 

•	 They are applied to consumer products to enhance performance or durability –	 such as:
 

Phthalates in personal care products
 Flame retardants in furniture and electronics 

Bisphenol A in waterboOles Surfactants in cleaning agents AnMoxidants in food packaging
 



	 	 	

	

	 	 	 	 	 	 	
	 	 	
	 	 	 	 	 	 	

	

  	 	 	 	 	
  	 	 	 	
  	 	 	 	 	 	 	 	

	 	 	

	Why 	study 	SVOC’s	indoors?
 

87%	 of our Kme 
is	 spent	 indoors	 

Exposure 	through:	inhalaKon,	 
ingesKon,	 dermal	 absorpKon,	 

• Some SVOC’s are potenMal endocrine disrupters 
– Bisphenol A is a	 xenoestrogen 
– Flame retardants have been shown to act	 on the 

thyroid hormone receptor 

ObjecKve:	
 
Assess human exposure to SVOCs from the
 
indoor environment	 through non-targeted
 

analysis of paired house dust	 and hand wipes
 
samples.
 



  	 	 	 	 	
	 	 	 	

	 	 	 	 	
  	 	 	 	 	

	 	 	 	 	 	
	 	 	 	

	 	 	 	
  	 	 	 	

	 	 	
	 	 	

	
  	 	 	 	

	 	 	 	 	 	
	 	 	 	

	 	 	 	 	 	 	AnalyKcal strategy for dust and handwipe samples
 

•	 Most	 indoor exposure analysis has applied 
gas chromatography mass spectrometry 
(focus on nonpolar organic contaminants) 

•	 Liquid chromatography coupled with high 
resoluMon mass spectrometry can be used 
to characterize (semi)polar organic 
contaminants within indoor environments. 

•	 Non-targeted data	 analyMcs allows de 
novo	 idenMficaMo, prioriMzed by 
compounds with highest	 exposure 
potenMal. 

•	 This approach complements more 
targeted, quanMtaMve analysis of SVOCs by 
LC-MS/MS or GC-MS approaches. 



	 	 	 	
	 	 	 	

	 	 	 	 	 		
	 	 	 	 	 	 	 	 	 	 		

	 	 	 	
	 	 	 	 	 	 	 	 	

	 	 	
	 	 	

	 	 	
	 	 	 	 	

	
	 	 	 	 	

	 	 	 	 	 	 	 	

		
	 	 	

10 x dust	 and handwipes 
+	 dust	 blanks and wipe blanks 

Liquid	Chromatography	 
Reversed phase separaMon C18, 
From 10 % Acetonitrile to 99% in 60 min 

Orbitrap 	Velos	 
ESI(+) and ESI	 (-) 
ResoluMon: 60’000 @	 m/z	 400 
Top 4 data	 dependent	 MSMS 
CID with 35 normalized energy 

Sample 	preparaKon	 
ExtracMon by sonicaMon in Hexane/Dichloromethane 1:1; 
Solvent	 exchange to 10 % Acetonitrile in H2O	by speedvac, sonicaMon and centrifugaMon. 

Comprehensive	2D	Liquid 	Chromatography
 
Size exclusion X	 reversed phase separaMon 
90 min run divided into 2 min segments 

Orbitrap 	Velos	 
ESI(+) 
ResoluMon: 60’000 @	 m/z	 400
 



	 	

  	 	 	 	
 
  	 	
  	 	

	 	 	
  	 	 	
  	 	 	 	 	 	 	 	 	
  	 	 	 	 	 	 	 	 	 	 	

	

		

  	 	
  	

	Comprehensive	2D	UHPLC	(LC	x	LC)
 

Sample 3D plot	1st 	SeparaKon Valve	 2nd 	SeparaKon Analysis 

- Slow separaMon - Short, max 2 min - isocraMc - Fast	 gradient	 
- 2 short	 columns 
- used alternaMng 

For effecMve separaMon:
 
-SeparaMon mechanisms must	 be orthogonal.	
 
-Example: Size and Hydrophobicity or Hydrophilic interacMon and Hydrophobicity.
 
-While eluMng from the first	 column –	 requires strong retenMon on the second
 
column
 

9	 



	

	 	
  	
  	 	 	 	 	

	 	
	 	 	 	 	

	 	
	 	 	 	 	

	 	 	
	 	 	 	

	
	 	 	 	
	

	
	

	 	 	2D UHPLC-HRMS configuraKon
 
Sample 

First	 SeparaMon Analyzers:	 
- UV detector 
- Charged aerosol detector 
-	 Orbitrap Velos 	pro	 
(100,000 Res, <2 ppm 
accuracy) 

HILIC/SEC 

UlMmate 3000 
-LPG 	pump, 	350 	µl	mixer 
-HPG pump, 10 µl mixer 

6 port	 Valve 
with 25 µl injecMon loop 

350	µl/min	 

800	µl/min	 

10 port	 valve
 
With 2 Reversed phase columns
 

(2.1	x	50mm, 2µm)	
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Data 	processing	starts 	with 	Thermo 	Compound
 
Discoverer 2.0 for peak	 consolidaKon/filtering
 

Compound 
Discoverer	2.0 

Peak detecMon 
consolidaMon 

33,963 (+) 
8,355	(-)	 

33,467 (+) 
8,259	(-)	 

- blank 
area	 >5000 

90 (+) 
6	(-)	 

In all dust	 
and all wipes neg (-)	pos (+) 

83%	non 	ionic	 
surfactants 



	
	

	

	 	 	
	

	 	

	
		

	 	 	

	

	 	
	 	 	

	

	

	

	 	 	 	 	 	 	 	Comprehensive LC x LC-HRMS of dust reveals ethoxylated
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Size –	 Ethoxylate length 

Octylphenol 
ethoxylate (OPEO) 

Nonylphenol 
ethoxylate 
(NPEO)	 

IdenMfied with Standards: 

C12 

C12 alcohol 
ethoxylate (AE C12) 

C13 

C14 

C16 

PEG	 

surfactants	 



	

	
	

	 	 	 	 	 	
There	was	no 	correlaKon 	between 	ethoxylated 	surfactant	
 
peak	 areas in paired dust/handwipe samples (decoupled
 

sources?)		
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Nonionic 	surfactant	ethoxymer 	distribuKons	in	paired	
 

dust/handwipe samples	
 

Example:	NPEO Example: Alcohol Ethoxylate C14
 

Re
la
Mv
e 
Pe

ak
 A
re
a	

 Person 2	 Person 7	 Person 4	 Person 6	 

Ethoxylate number Ethoxylate number Ethoxylate number Ethoxylate number
 
5-17	 5	-	17	 2	-	16	 2	-	16	
 

Ethoxymer distribuMon varied from surfactant	 to surfactant	 
and person to person –	 this suggests different	 sources of 
ethoxylated surfactants in some cases. 



	
	

	 	
	

	 	 	 		
	

	
	 	 	

	

	 	

	 	

	 	

	 	

	
	

	

	
SubracKon	of 	surfactant	features	prioriKzes	
 
monomeric	compounds 	for	idenKficaKon
 

Compound 
Discoverer	2.0 

peak detecMon -blank 
consolidaMon area	 >5000 

33,963 (+) 
8,355	(-)	 

33,467 (+) 
8,259	(-)	 

In at	 least	 
1 dust/hand wipe 
pair 

3,976 (+) 
834	(-)	 

501 (+) 
67	(-)	 

Max area	 >	 55,000 

316 (+) 
67	(-)	 

Subtract	 
surfactants 

neg pos	 



	 	

	

	 	

	 	 	

	 	

	 	 	

	 	 	 	 	 	
	 	 	 	

Workflow strategies for idenKfying compounds in dust/
 
handwipes from LC-HRMS data
 

Exact Mass IdenKfied!	 ??	
 

Basepeak 

XIC 531.4061 

MS2 of 531 

MS2 at	 36.28 

Full Scan at	 36.33 



	 	 	 	 	
	 	 	

	 	 	 	 	
	 	 	 	

	

	 	 	

	 	 	 	 	 	 	
	

Molecular formula generaKon: Vital first step toward
 
structural	ID
 

SIRIUS (hOp://bio.informaMk.uni-jena.de/so>ware/sirius/)	 
Calculates molecular formula	 assuming that	 all fragments 

must	 be a	 subset	 of the parent	 formula	 

With 5 ppm mass range: 16	possibiliKes	 
With fragment	 trees: limited to 5	 

MS2 

Highest	 scoring molecular formula	 for m/z	 
531.4061:			 C30H58O5S1	 



	
	 	

	 	

	

	 	

	

	

	

	

	 	 	
Ultra-high	resoluKon	allows	molecular 	formula	validaKon	
 

by	 isotope fine structure inspecKon	
 

Experimental 
isotope paOern 
Res: 116,000 

Simulated 
C30H58O5S1	 
Res: 116,000 

Experimental 

Simulated 
C30H58O5S1	 

Simulated 
C26H54N6O3S1	 

13C2	 
34S 



	 	
	 	 	

Molecular Formula C30H58O5S	 
SciFinder database search 

19	 





		
	 	 	 	
	 	 	345.2093	

273.1890	 
291.1995	 

MassFronMer 
In silico MS/MS raMonalizaMon 
FISh coverage: 50.0 



	 	 	 	

	
	

	 	

	 	
	 	 	 	 	
	 	 	

	 	 	 	

	 	 	
	

IdenKfying features	 from an	 in-house curated	 suspect	
 
database (31,985	 entries)	
 

2012 NaMonal ProducMon Volume 

Search by formula	 

TentaMve idenMficaMon 
supported by in silico MS2 

N,N-bis(2-hydroxyethyl) predicMon using Mass 
dodecanamide FronMer (FISh Score: 80) 

22	 



	 	
	

	
	

  	
  	

	

	

	

	 	 	 	
	 	

	 	 	

	 	 	 	 	

+	

Online tool:
hOp://msbi.ipb-halle.de/MetFusion/

Input:
- Molecular formula	
- MS2 spectra	

MetFusion for compound ID from HRMS2 	data		
 

Experimental 

Massbank 

Comparison 

MS2 spectrum is a	 match 
TentaMve idenMficaMon: 

Imidacloprid	 
MassBank Score: 0.96 



	
	

	 	

	 	

	

	 	
	

	 	

	
	

	
	

	

	 	 	 	 	 	
	 	 	 	 	 	

generate molecular
formula	

Generalized workflow strategies for idenKfying SVOC
 
contaminants in paired dust/handwipes by LC-HRMS
 

Find candidate
 
structures
 

Exact Mass 

SciFinder 

MS2 spectra 

Postulate 
structure 

In	 house 
database 

MetFusion 
check	
 
isotope
 
paOern
 

TentaKve	 
IdenKficaKon	 IdenKfied!	 Standards	
 



	

  	 	 	 	
  	 	 	

	 	
	

	 	 	
	 	 	
	 	 	

	
	 	

	
	

	
	
	

	

	 	 	
	 	

	 	

	

	 	

	 	

Peak Area: 
Wipe Peak Area	 1.00E+03 Compounds	 34	compounds	 
Dust	 Peak Area	 - 10 idenMfied with Standard 1.20E+06 idenKfied	 in	 dust/ 

- 24 tentaMvely idenMfied 
6.00E+07 handwipes	 Paired samples #	 of hits 

ST
D?


 

Name W D 1 2 3 4 5 6 7 8 9 10
 

di-tertbutyl triphenyl phosphate 4 5 
tri-(2-butoxyethyl)-phosphate (TBOEP) 10 10 
tris (4-butyl-phenyl) phosphate (TBPP) 7 5 
tris (2-chloro-ethyl) phosphate (TCEP) 5 10 
tris (1-chloro-isopropyl) phosphate (TCPP) 10 10 
tricresyl phosphate 6 7 
triphenyl phosphate (TPP) 10 10 

2 4 x 
2 5 
2 6 

x 
x 
x 
x 

xO
rg
an
op

ho
sp
ha
te
s 

V6 
dodecyl sulfate 
tridecyl sulfate Surfactants used in 

shampoo, cosmeMcs tetradecyl sulfate 2 5 
pentadecyl sulfate 3 6 
hexadecyl sulfate 6 10 

9 8Su
rf
ac
ta
nt
s 

dodecylethanolamine 
N-lauroyl sarcosine 6 6 
perfluorooctanesulfonic	 acid	 (PFOS) 0 2 



	 	
	 	

	
	
	
	
	

	
	

	

	

	

	 	
	 	 	 	

	 	 	 	

	 	 	 	

	 	 	

	

	

	 	

  	 	 	 	
  	 	 	

Name

cyclic	trimer
cyclic	tetramer

ox et l dodecanamide

10 10

Peak Area: 
Wipe Peak Area	 1.00E+03 Compounds	 34	compounds	 
Dust	 Peak Area	 - 10 idenMfied with Standard 1.20E+06 idenKfied	 in	 dust/ 

- 24 tentaMvely idenMfied 
6.00E+07 handwipes	 W D 1 2 3 4 5 6 7 8 9 10 ST

D?

 

acetyl butyl citrate 10 10 
benzyl butyl phthalate 9 10 
caprolactam cyclic	 dimer 8 9 
caprolactam 5 10Byproduct	 of polymerizaMon 
caprolactam used for food packaging 4 10 

1 10 
0 6 
10 9 
10 10 
8 6 

x 

Po
ly
m
er

 a
dd

iti
ve
s

caprolactam cyclic	 pentamer 
caprolactam cyclic	 hexamer 
dilauryl sulfinyl-ß,ß'-dipropionate 

Leaching from plasMcs N,N-bis(2-hydr y hy ) 
oleamide 
fipronil 6 9 

4 8 x 
1 4 
4 9 x 
1 1 

ing oil 
2 5 
10 10 

x 
fipronil Sulfone 

Pe
st
ic
id
es

 

imazalil 
imidacloprid	 
ketoconazol 

O
th
er
s 1,3-dilinolein OxidaMon product	 of cook

alpha-tocopheryl nicotinate 
piperine Comes from black pepper 



	
	

  	 	 	 	 	 	
	 	 	 	 	 	 	 	 	

  	 	 	 	 	 	 	
	 	 	 	 	 	

	 	

  	 	 	 	 	 	 	 	
	 	 	 	 	 	 	 	

	

  	 	 	 	 	 	
	 	 	 	 	 	 	 	

	 	

Conclusions:	Exploring	the	indoor	environment
 
exposome	using	non-targeted 	analysis 	strategies
 

•	 (2D)LC-HRAM	 mass spectrometry is a	 powerful tool for 
analysis of SVOC compounds in dust	 and hand wipe samples. 

•	 Non-targeted workflows allow a	 more holisMc view of 
contaminant	 exposure in indoor environments relaMve to 
targeted analysis. 

•	 213 tentaMve and confirmed idenMficaMons were made from 
567 filtered components in dust/wipes (37.5% of filtered 
features). 

•	 The most	 dominant	 compounds in dust	 and handwipes were 
non ionic surfactants such as nonylphenol ethoxylates or 
alcohol ethoxylates. 
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