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" |ntroduction to samples and analytes

LC-HRMS-lon Mobility system and analysis approach

= Targeted Screening List Results

= Non-Targeted Results

= Conclusions
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Introduction to Study Waters

THE SCIENCE OF WHAT'S POSSIBLE.”
Emviron. Sci. Technol 2009, 43, 22762201

Pelﬂuorllalk}'l compo“nds (Pch) i“ have reported that dust is a depot for PCBs an

representing a potential source of exposure to th

Indoor Dust: Concentrations, Human pounds in the indoor environment (16). This may: Bermonphiere: 166 (017} 43343
[K E li at d s " case for PFCs as household dust samples from Japar
osure Estimates, an ources and the United States have been found to containm ; h - ~
P " amounts of PFOS and PFOA (4, 17, 148). % o S K FESCE S SR X ORISR
. Ingestion of house dust may therefore be as o i e
JUSTINA AWASUM BIORKLUND, © k.
KAT THURESSON, AND CYNTHIA A. DE WIT" "°“"“";l "?'}““’"}" for human Sxposure o the oo 3 Chemosphere
Department of Applied Environmental Science (ITM), T et tions in et in o i
Stockholm University, SE-106 91 Stockhatm, Sweden eallerted frven dny cate pentor, offices, housos, ap  ELSEVIER [ournal homepsge: www. sisavier com/locats/chemosphere
MNon-target analysis of household dust and laundry dryer lint using @ SE——

comprehensive two-dimensional liquid chromatography coupled with
time-of-flight mass spectrometry

Xiyu Ouyang * °, Jana M. Weiss ", Jacob de Boer °, Marja H. Lamoree %, Pim E.G. Leonards *

* Inamnute jor EmvmOnTeana! Sudies (VM) V1 Lt versry Amsserdiam, De Bosieoas (087, 8T HU. Ameeendom, The Femariands
* Department of Emviconmmisl Seencr and Analyticsd Chemistry (ACESL Shockhuke Usniveraity, SE-106 91 Stockialm, Seedes

= Samples

— eWaste (4), Canadian Household dust and
Canadian eWaste Facility

= Data Independent Acquisition (DIA)
— Accurate mass measurement
— lon mobility separation (IMS)

— Targeted and non-targeted data processing
approach
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LC Method

LC System:
Column:
Column Temp:
Sample Temp:
Flow Rate:
Mobile Phase A:
Mobile Phase B:
Total Run Time:

Gradient:

Min. Flow Rate
Initial 0.650

0.5 0.650
5.10 0.650
6.60 0.650
6.70 0.650
8.50 0.650

©2018 Waters Corporation
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Waters ACQUITY I-Class (with Isolator Column in flow path)
ACQUITY UPLCBEH C18 2.1 x 50 mm, 1.7 um

65 °C
4°C

0.450 mL/min.

2mM ammonium acetate in 98:2 water:MeOH
2mM ammonium acetate in MeOH

8.5 min.

%A
90.0
90.0

90.0
90.0

%B
10.0
10.0
100
100
10.0
10.0

Intensi... [Counts] Intensity [Counts]

Intensity [Counts]

Chromatograms = Sy T T TR - )
1 1
.| TDCPP ; . TDCPP
100 ppb ! i1 contamination
: :
R j i
i 3.‘25 3‘,5 .I?S Jl 4.‘%5 4:5 4‘?5: é 5.‘25 5:5 5}?5 IS
: :
1 1
20000 1 1
10 ppb : :
: :
o A 1 1 — =
i 3.‘25 3:5 .l.r'S Jl 4.%5 4:5 4'::'4 é 5.‘25 5:5 5"::'5 IG
: :
1 1
1 o 1 .
10000} ' : no spike
: :
o 1 : b PR B 1 ' PR A 1
é 3.‘25 3:5 3.‘75 il! 4:25 4:5 4.‘75 é 5.‘25 5:5 S‘IYS IE

Retention time Tminl
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DIA HRMS-IMS conditions: HDMSE Waters

QuaNnTOF 2°
Acquisition Settings FLIGHT TUBE

lonisation Mode: ESI negative and positive polarity

Capillary Voltage (kV): 1.0 (positive mode); 0.5 (negative mode)
Collision Energy (LE): 3 eV

Collision Energy (HE ramp): 20-55 eV

Scan Time: 0.25 sec

Acquisition Range: 50-1000 m/z

Drift Gas: N,

HEXAPOLE X IoN
COLLISION CELL 10N GUIDE ’ OPTICS

ION GUIDE

VALVE 'QUADRUPOLE
— < =
| I.I.I.I.Il I :!|!'HHi|
IMS T-Wave
ETEPIWAVE By~ mneim———— _— i o H:'%.ISI]-:IIER!D lousgfs_rl-:mgqnou
(= o & ’—'3/1,‘ )
A v:q":":';‘l"-mi'\‘ . i
@ O ) Collisional Cross Section
= ) = Unit = A2
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lon Mobility Spectrometry (IMS) Waters
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Small Large
Compact
Slide. courtesy of Severine Goscinny, ISP-WIV, BelgiumEXte n d e d .



Drift Time Alignment of Spectra
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Item name: Canadian eWaste Facility dust_32

Item description:

Waters

THE SCIENCE OF WHAT'S POSSIBLE.”

Channel name: Low energy : Time 3.5862 +/- 0.0138 minutes : Drift Times: 7.32 +/- 0.27 ms

4.6%e5
582.91265
e Low CE

€ 3e5]
(=]
=2 580.91545|
=
2 225 58690716
=

100000

588.20465
497.27123
X 20813189 i 5
163, OBQD{ 19709537 S 365.23127 444.2L3605 I ll ﬂ_604'89293 ?85 20818
a . : T— P . Lyt b ll il ! . . . .
100 200 300 400 500 600 J00 00 900 1000
Item name: Canadian eWaste Facility dust_32 Channel name: High energy : Time 2.5862 +/- 0.0128 minutes : Drift Times: 7.24 +/- 0.27 ms
Item description:
4.11led
40000 _ 23495915
Mass error: 0.3 mDa Hi h CE

- 20000 ] 98.98412 g
=
=1
Q 236.296654
= 200004 ¢
2 360.95030
:z 119.04916 20895200 fl 5.20144

10000+ 65.03822 —155.07060

44223166
’
o T T 1| PR I P I . . . . .
100 200 200 400 500 600 700 E00 00 1000

©2018 Waters Corporation

Observed mass [m/z]



Analysis Considerations and Approach

= QC and blank injections ensure quality of data

= Sample analysis

— Randomized replicate injections
o MVA

— Targeted search using library

3.88

427

211

Component name i Label Expected RT (min}
7 Perflurcoctanesulfonic acid
8 Perfluoroundecanoic acid
a Perfluoropentanoic acid
10

Perfluocrooctanoic acid

©2018 Waters Corporation

3.60

Percentage compounds with power > 0.8

100
90
80
70
60
50
40
30

Expected neutral mass (Da)

m.
Waters

THE SCIENCE OF WHAT'S POSSIBLE.”

ESI-

Power Analysis

= &
> ; 6 8 10
1\ Number of replicates
Expected fragment {(m/z) 2 Adducts Excluded Formula
79.8574, 168.98%4, 1299535,
499.9375 1575775 -H = CBHF170O35
518.9568, 168,935
S5E63.9641 : ©H . .
CCS input in
263.9833 218.9861 -H
113 ”»
368.9766, 168.9304, Add UCt entry
413.9737 1155976 -H

= Edit &dducts

Edit the adducts expected for target 'Perflurcoctanesulfonic acid’
Add  Delste

= Adduct Mass Charge CCs

1 -H -1.00... -1 166.8...
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THE SCIENCE OF WHAT'S POSSIBLE.”

Targeted Results

&
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Identification Criteria Waters

THE SCIENCE OF WHAT'S POSSIBLE.”

CCS delta (%) < +/- 2.0

Component Summary ~

[Vl # o ==

Component name Mass error (ppm) [Observed drift (ms) Observed CCS (A%) Expected CCS (A?) |CCS delta (%6)| Expected RT (min) : Observed RT (min) Adducts Q
4 tetrakis(2-chloroethyl)dichloroisopentyl diphosphate (WV6) -1.1 3.60 359 +H
() === P - SRS
[tem name: Canadian eWaste Facility dust_16 Item name: Canadian eVaste Facility dust_16 Channel name: Low energy : Time 3.5884 =/~ 0.0137 minutes : Drift Times: 7.33 +/- 0.27 ms
Channel name: tetrakis(2-chlorosthylldichloraisopentyl diphosphate (W6} [~H] : (30.6 PPM) 580.9144 : DT=7.06 to 7.60 ms Item description:
tetrakis(2-chloreethyl)dichloraisopentyl diphosphate (V6) 48525
= f 58291141
5 25000
S nes ] 584.90843
=
5
E =
o . . , . : ; , , £ 305
1 z EL 4 5 & 7 & Kl 580.91437
Item name: Canadian eWaste Facility dust_16 .g
Channel name: tetrakis(2-chloroethyl)dichloroisopentyl diphosphate (V6) [Fragment] : (30.6 PPM) 234.9689 : DT=6.82 to 7.35 ms 2 2es 586.80590
=
g soon] Fragment lon
5
S 100000 -
= . H 588.90379
a m 7
= Co n I r atl O n XI 197.08608 22500080 30813129 36523097 425.26279474.21299 530.39097 Iﬂ [ 50489328
£ ° : : : : : : ‘ . ! ° . . ‘ S N Arran B Lt N i
1 z 3 a 5 6 7 3 H 50 100 150 200 250 200 350 400 550 500 550
[tem name: Canadian eWaste Facility dust_16 Item name: Canadian eWaste Facility dust_16 Channel name: High energy : Time 3.5884 =/~ 00137 minutes : Drift Times: 7.24 +/- 0.27 ms
Channel name: tetrakis(2-chlorosthylldichlaraisopentyl Hiphosphate (V6) [Fragment]|: (30.6 PPM) 206.9612 : DT=6.88 1o 7.41 ms Item description:
3.87ed
z ~3-52 _ 234.96887
] Mass error: 0.1 mDa
2. 1000
H 20000
g . .
: ; Fragment lon confirmation
- o T T T T T T 7 T £ [
1 2z 3 4 5 6 7 ] 2 g 236.96503
= 20000
Item name: Canadian eWaste Facility dust_16 = Frreiiis
Channel name: tetrakis(2-chloroethylldichloroisopentyl Hiphosphate (V5) [Fragment]|: (30.6 PPM) 260.9863 : DT=6.85 to 7.38 ms 2 Mass error: 0 mDa
= —32.59 £ 119.04209 208.95938 —360.95963
5 i i 35895274 )
ER— 10000 3629472 |—415.20203
3 £5.03842 133.10173 238.96221 ||300.85654 |7 443.23200
& 6.90 ( 162.01531 ’
2 A6, : -
& 08 zas 435 4.86 5.45 6.15 §.47 675 ° || || | A | | | | | | l4?1.132l]6 504.89660
= o T T T T T 7 T T el T L T I L ! T T L ! T ! T T rl T
1 2 2 2 s & 7 & 50 100 150 200 Wil 200 250 4 450 s00 550 500 5§50
Retention time [min] Observed mass [m/z]
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ESI* Confident IDs Wo’rers
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Response

10000000
1000000
100000
M Acetominphen
10000 A Caffeine
tetrakis(2-chloroethyl)dichloroisopentyl diphosphate (V6)
tris(1,3-dichloro-2-propyl)phosphate (TCDPP, TDCP)
M tris(2-chloroethyl) phosphate
1000 tris(2-isopropylphenyl)phosphate
i 2-ethylhexyl diphenyl phosphate (EDP, DPEHP)
M cresyldiphenyl phosphate (CDP)
100
10 +——
1

eWaste 2a eWaste 2b eWaste 3a eWaste 3b Canadian eWaste Canadian Household
Facility




ESI- Confident IDs

Woaters
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Response

100000

10000

1000

100

10

eWaste 2a

eWaste 2b

eWaste 3a

eWaste 3b

Canadian eWaste
Facility

Canadian Household

N /
,Q’ D

Diuren
Perfluorobutanesulfonic acid
W Perfluorodecanesulfonic acid

m Perflurooctanesulfonic acid

¥ Diuron
231.00928
233.00641
I
235.00370
f236.00776
111
0 240
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Non-targeted Results
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Principle Component Analysis: ESI- Waters

THE SCIENCE OF WHAT'S POSSIBLE.”

Scores Comp[1l] vs. Comp[2] colored by Condition

Canadian eWaste facilit
™ Y

Dust

eWastes

Canadian eWaste facility
| o

BDE extraction

Extraction Blanks
and Master Mix
CS5

12
o
(B} [N ]

! Canadian ehold Dust

FOCUSED QUESTION: Compare Canadian eWaste facility dust to Canadian Household Dust.

©2018 Waters Corporation 14



S-Plot: Comparing Canadian eWaste Facility and Waters )
H ouse h 0] I d M arke rs THE SCIENCE OF WHAT'S POSSIBLE.”

S-Plot (eWaste facility dust=-1, Household dust = 1)

Household markers

onfidence

p(com)[1] (Correlation)
|

-0.14 -0.13 -0.12 =011 -0.10 -0.09 -0.08 -0.07 -0.06 -0.05 -0.04 -0.03 -0.02 -0.01 0.00 0.01 0.02 0.03 0.04 0.05 0.0& 0.07 0.08 0.09 0.10 011 012 0.1z
pl1] (Loadings)
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Database searching Waters
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= These significant compounds (markers) were then 0. it CremSpider Search Parameters L= ]
subjected to a ChemSpider database search: ChemSpider search parameters

Define a set of ChemSpider parameters that can be saved for
later reuse. Learn more in the online reference.

MName:

- KE G G Env ChemSpider Search

Required search parameters

- Chemspiderman Precursor tolerance: 5

Data sources: [1] EPA DSSTox, [2] EPA Toxcast,

— PubChem [3] CheMmBL, [4] PubChem, [5]

ChEBI, and 2 more.
— EPA DSSTox [ Select dats sources. |

Optional search parameters

- E PA TOXCGSt Perform theoretical fragmentation

Fragment tolerance: 3 ppm

[T] Filter by isotope similarity score

= 1000s of compounds to be searched and Isotope similarity: |35 %
. [T] Filter by elemental composition
StrUCtu reS Com pared to the frag mentatlon pattern Elemental composition: H: 0-150 C: 0-100 M: 0-10 O: 0-30
F: 0-20 P: 0-5 5: 0-5 Cl: 0-20 and 1
Save l [ Cancel

©2018 Waters Corporation 16
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Proposed ID summary: ESI* eWaste Facilit il
P b ) Waters
eeeee B — [Normal Abundance Profiles - —

Normallsed Abundance (10*3)

= |Increased relative abundance of various organophosphate molecules
— Additional to target screening library
— Decreased or not present in household dust
— Shared abundance with eWaste replicates

= Common fragments with targeted OPFRs recognized

©2018 Waters Corporation 17
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Additional OPFR Example Waters “

United States ) - ] THE SCIENCE OF WHAT'S POSSIBLE.
< EPA::

onme Protection Advanced Search Balch Search

Agency

Chemistry Dashboard | NORMANPRI

Property Average
Experimental Predicted
LogP: Octanol-Water - 5.73(5) @ O

(o]

Tetraphenyl 1,3-phenylene bis(phosphate) ‘

CazH100aP+H |

Intensity

Error (ppm): -0.87
Charge: 1

Mewutral change: +H

Fragment m/z: 251.0468 %%
Peak m/z: 251.0466
'

1 T T L. 11 ? | 1 | | 7
4‘0 5‘0 BIO 1(‘}0 12‘0 lAItO lGIO léO 26-0 ZéO 2AIIO 260 2!‘30 3(‘}0 SéO 3450 3é0 3é0 46‘0 4é0 4AI|O 4é0 4!‘30 5(‘}0
myz
Retention
Compound m/z Charge time (min) CCS (angstrom~2)
4.45 574.0949n 575.1021386 1 4.45 226.44
Max Fold
Anova (p) q Value Change Highest Mean Lowest Mean

eWaste facility
<1.1E-16 <1.1E-16 47304.6176 dust eWaste extraction blank

©2018 Waters Corporation 18



Proposed ID summary: ESI- eWaste Facility Waters -

[ Normal Abundance Profiles =

S S -

2000

1500

ragl |
1000 | E\E/B‘E\ [

N - :\ 1 | |

BDE Extraction

Normallsed Abundance

= eWaste facility: TBBP-A and additional -Br compound
e e L]

Item name: eWaste 2b_44 Channel name: Low energy : Time 44779 +/- 0.0167 minutes : Drift Times: 6.55 +/- 0.25 ms. Item name: Canadian eWaste Facility dust_16 Channel name: Low energy : Time 4.2443 +/- 0.0174 minutes : Drift Times: 6.22 +/- 0.25 ms.
Item description: Item description:
24e7 1l1lle6
542.74587 315.19616
1e6 & 462.83674
27 o »
Br Br 464.83403
z 540.74784| 544 74388 z
5 7 5
2 ] -
= & se5-
2 1e7 o o 2 Q 460.83893|[ 16683342
E z 316.19966 Al
538.74969(|546.74200 313.18085|/
Br Br b I— & © 207.16249 | —333.20671 45783688
- - 440.93760 -
5 15110 ﬂl0.0ﬁSl% 472.95803{ 530.6171&\ 7 5 206.16283 S\ | s |I 357.17250 % g
50 100 150 200 250 200 350 400 450 500 550 600 50 100 150 200 250 300 350 400 450 500
Ttem name: eWaste 3b_44 Channel name: High energy : Time 4.4779 +/- 0.0167 minutes : Drift Times: 6.45 +/- 0.51 ms Canadian eWaste Facility dust_16 Channel name: High energy : Time 4.2443 +/- 0.0174 minutes : Drift Times: 6.12 +/- 0.50 ms
Item description: Ttem description:
5.29e5 2.03e4
8091682 < 30000-] 143.05031
78.91888— 1346
L7 339.89338
w 4e5 \ﬂlg 80168 T
E < 20000 — 33522315
S =
78.91906—
g o] 290.88514 Py 542.74615 g 1305528 2RI 241.80067
£ 288.88724 ’ H e 544.74445 2= -10000 32488983 ||
E 5 202.88338 ! 540.74817— 7 e &1
Al [ [pasossas 251.10837 367.88712 464.83600 457 34356
447.79715 546.74247 =251 397.20024 .
77.21043 ’39-00344 170.92741 250.85461 l 337.87848 356-35284 Ca6ze198 L; | L 213.09241 | |J|. u 3 ‘
: | ; ST ; : - i . L = |18 : o . i — T | 1 ¥ IR N | L1 by ; b : -1 - I
50 100 150 200 250 200 350 400 450 500 550 600 50 100 150 200 250 300 350 400 450 500
Observed mass [m/z] Observed mass [my/z]
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Canadian Household:compounds similar in trend to Wart “
Acetominophen awers

THE SCIENCE OF WHAT'S POSSIBLE.”
25 —

Dendrogram

Distance

Standardised Normallsed Abundance
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Carbendazim Confirmation

1000

200

800

Fele]

600

500

400

300

Normalised Abundance

200

100

R S S e

[ Normal Abundance Profiles

Waters
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Compound MNeutral mass mJiz z Retention time CCS

- 3.66 1920766myz| <unkrown> 1920766 1| 108 | 13663]

Compound 1.68_192.0766m/z (Carbendazim)

Intensity

CsHsNa-e

L

-

Fragment m/z: 160.0506

Fragment m/z: 132.0557

m/z: 132.0554

Fragmenl m/z: 105.0448
“0443
s Error (ppm): -1.71
e

— Standard confirmation

Solvent
Standard

ccs (A2) 137.01
Fragmentlion 1 160.0506
Fragmentlon 2 132.0557

s6

o8

©2018 Waters Corporation

-

';—-—-t,

Observed in
House dust?
136.63
160.0508
132.0554

Error
0.28%
1.26 ppm
-1.71 ppm

21
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ConCIUSionS and FUture Work THE SCIENCE OF WHAT'S POSSIBLE.”

= |IMS provides additional dimension to HRMS data set and adds additional measurement based on
compound properties

= Non-targeted data acquisition approach is a powerful tool for rapid assessment of sample variation with

respect to contaminant profiling ]
andytlz:lﬁa#listry

pubs.acs.orglac

u Futu re WOI’k Prediction of Collision Cross-Section Values for Small Molecules:
Application to Pesticide Residue Analysis

- CCS mOdeling Lubertus Biilsmn,:"l' Richard Bade, " Alberto Cclm;\,+ Lauren Mullin,® Gareth Cleland,? Sara Stead,?

Felix Hernande,"™ and Juan V. Sancho™

o POtentla”y useful for Where analytlcal "Research Institute for Pesticides and Warer, University Jaume I, Avda. Sos Baynat s/n, E-12071 Castellén, Spain

*School of Pharmacy and Medical Sciences, University of South Australia, Adelaide, South Australia 5000, Australia
*Waters Corporation, 34 Maple Street, Milford, Massachusetts 01757, United States

standards don’t exist?

© Supporting Information

ABSTRACT: The use of collision cross-section (CCS) values
obtained by ion mobility high-resolution mass spectrometry <5 .
has added a third di (alongsid time and i - \
exact mass) to aid in the identification of compounds. 0 i iRl
However, its utility is limited by the number of erperimenu] i g L h. = i
CCS values currently available. This work demonstrates the = S "—x‘
potential of artificial neural networks (ANNs) for the ‘\‘\ ‘ :‘J' }:
prediction of CCS values of pesticides. The predictor, based TR DR
on eight software-chosen molecular deseriptors, was optimized

using CCS values of 205 small molecules and validated using a

set of 131 pesticides. The relative error was within 6% for 95% of all CCS values for protonated molecules, resulting in a median
relative error less than 2%. In order to d the p ial of CCS prediction, the strategy was applied to spinach samples.
It notably improved the confidence in the tentative identification of suspect and nontarget pesticides.

I+

F

-
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Thank you for your attention

Any questions

www.waters.com



