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Mixed Halogen Dioxins and Furans in
Controlled Burn Samples Determined Using
Gas Chromatography-Ion Mobility

D. Stevens!?, K. Organtini?, L. Mullini3, A. Ladak!?

1 - Waters Corporation, Milford, MA 01757
2 - The Pennsylvania State University, University Park, PA, 16802
3 - Orebro University, 701 82 Orebro Sweden
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" Human Exposure to Dioxins

= Simulated Burn Study

= Comparing Magnetic Sector to Tandem Quadrupole Data
= Jon Mobility Investigation

= Conclusion



Effect of Large Scale Fires

= World Trade Center
-~ New York City (2001)
-50,000 first responders

—-19% increase in total cancer
rates among exposed NYC
firefighters

- Prostate, thyroid, and
multiple myeloma cancers
most prominent

= Plastimet Fire

—Hamilton, Ontario (1997)
- 294 firefighters at scene

Owens, R.O. et al; Lancet, 378 (2011) 898-905
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What is something they all have in Warters
Co m m o n ? THE SCIENCE OF WHAT'S POSSIBLE."

Brominated Flame Retardants

@)
SSACY

Polybrominated diphenyl ether (PBDE)

A A
+ source of + source of
chlorine chlorine
> 5
4 O 6 4 0O 6
3 7
3 7 Br, C Br, CI
2
Br, Cl , . Br, Cl 0 8
1
. 9 1 - 10 - - 9
Dibenzofuran Dibenzo-p-dioXin ppNNSTATE
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Potency studies in human liver cells  mesaenceorwnars rossisie:

Number of

Compound replicates Potency

2378-TCDD 21 1.00
2Br, 378CI DD 18 0.99+.13
23Br, 78CI DD 19 0.84+.10
2378-TBDD 17 0.77+.14
2378-TCDF 21 0.83 +£.07
3Br, 278CI DF 20 0.97+.12
23Br, 78CI DF 20 1.02 £.15
Dioxin 2378-TBDF 21 0.86+.10

\A‘ DOI 10.1021/acs.analchem.5b01705 A
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Si mMmu Iated B urn Stu d ies THE SCIENCE OF WHAT'S POSSIBLE.®
2013 2014
Household Fire Household Fire
« Mattress « 2 Sofa Chairs
« Sofa Chair « Vinyl and Metal Chair
« Vinyl / Wood Chair + 2 Carpets o B
« Carpet « Pillows and Cushions | |&
« Pillows « Coffee Table
« Television « Vinyl Kitchen Chairs
Electronics Fire Electronics Fire
« Televisions « Televisions
« Microwave « Microwave
* Printers « Computer Monitors
« Computer monitors « Computer Towers
« Laptop « VHS tapes

« Cables/Wires

Keyboards
« Used Ink Cartridges

PENNSTATE

B Eberly College
of Science ¢
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Can APGC/MS/MS be Qualified for Waters

D i OXi n A n a Iys i S ? THE SCIENCE OF WHAT'S POSSIBLE.®

= Penn State and the Ontario Ministry of Environment

— Compare reference materials run on both the Autospec
and Xevo APGC-TQS

TR

-
n
m
E

PENNSTATE

B Eberly College
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Se n S I tlv I ty Eva I u at I o n THE SCIENCE OF WHAT'S POSSIBLE.®

TCDD_MXB_2_100fg Sm (Mn, 2x2) 1: MRM of 11 Channels AP+

20.12_ 321.9 > 258.9 (TCDD)
100 fg
g Area

Time Height Area Area%

18.24 171 1016 0.69

18.42 582 3354 226

19.21 1610  90.57 6.1

1959 6216 35561 23.98

2012 13916 758.22 51.14

50 fg

s
19.59
356

18.42
18.24 S
10
0 T T T T T T T T T T T T T T T T T T T T T Time
17.60 17.80 18.00 18.20 18.40 18.60 18.80 19.00 19.20 19.40 19.60 19.80 20.00 20.20 20.6 20.80

“ PENNSTATE
DOI 10.1021/acs.analchem.5b01705 E Eberly College

of Science ¢




Magnetic Sector v. Tandem Quad

B |
Waters

THE SCIENCE OF WHAT'S POSSIBLE.’

100.0

EDF-2525 Contaminated Fish Reference Material
Comparison

[REY

0.0 -

1.0 -

Concentration (pg/g)

BAPGC-MS/MS
B GC-HRMS

OReference values

PENNSTATE

B Eberly College
of Science
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Soil matrix (n=10) Fish matrix (n=10)

APGC-MS/MS ~ GC-HRMS APGC-MS/MS ~ GC-HRMS
Compound units MDL MDL MDL MDL
Method 2,3,7,8-TCDF pg/g 0.17 0.68 0.21 0.77
Detection 2,3,7,8-TCDD pg/e 0.15 0.80 0.23 4.29
Limit (MDL) 1,2,3,7,8-PeCDF pg/g 1.32 2.64 1.96 3.47
2,3,4,7,8-PeCDF pg/g 0.48 2.22 0.31 2.63
1,2,3,7,8-PeCDD pg/g 0.39 3.85 0.55 1.83
TQ-S V. 1,2,3,4,7,8-HxCDF  |pg/g 0.78 2.28 0.53 2.99
Autospec 1,2,3,6,7,8-HxCDF pg/g 0.54 1.01 0.30 2.65
1,2,3,7,8,9-HXCDF  |pg/g 0.41 2.21 0.51 2.68
2,3,4,6,7,8-HXCDF  |pg/eg 0.37 2.30 0.54 1.86
TQ-S MDLs 1,2,3,4,7,8-HxCDD  |pg/e 0.62 3.79 0.70 6.02
2 - 20 1,2,3,6,7,8-HxCDD  |pg/g 0.40 3.01 0.40 0.82
1,2,3,7,8,9-HxCDD  |pg/g 0.35 4.28 0.76 4.05
tlmes Iower 1,2,3,4,6,7,8-HpCDF |pg/g 0.28 3.36 0.50 5.79
1,2,3,4,7,8,9-HpCDF |pg/g 0.56 4.87 0.84 2.93
1,2,3,4,6,7,8-HpCDD |pg/g 0.41 1.62 1.24 4.80
OCDF pg/g 0.74 4.85 1.99 3.71
0OCDD pg/g 1.42 4.49 1.26 7.46

PENNSTATE

B Eberly College
of Science



Firefighter helmet
wipes

R

1: MRM of 11 Channels AP+ I

305.9 > 242.9 (TCDF)
2.15e3

Cl, dibenzofuran

' A
18.00 20.00 22.00 24.00 26.00 28.00 30.00
6: MRM of 5 Channels AP+
TIC (Br Ci3 DF)
8.02e4

« Model exposure of | BrCl, dibenzofuran
firefi g hters to R T —
14: MRM of 4 Channels AP+
PXDD/F’s e ooy
\ Br,Cl, dibenzofuran
18.00 20.00 22.00 24.00 26.00 28.00 30.00
22: MRM of 4 Channels AP+
: TIC (Br3 CI DF}
3.895
\ Br,Cl dibenzofuran
! 18.00 20.00 2200 : 24.00 26.00 28.00 7 50.00
7: MRM of 3 Channels AP+
TIC (Brd DF)
1.00e6
~ Br, dibenzofuran
PENNSTATE l |
S Eberly College om0 o020 ao0 T

of Science
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Detection of Mixed Halogenated Waters

D i OXi n S THE SCIENCE OF WHAT'S POSSIBLE.®

PXDDF_FESTIO1 _ElectWires1_d10_020515 Sm (Mn, 2x2) 10: MRM of 5 Channels AP+
100 21.46 TIC (Br CI3 DD}
! 7.15e4
f b 366
; 22.44
; 368
364
Experimental
f Mass
Spectrum
366
368
< 22.13 364
BrCl, DD
Predicted
Mass 370
Spectrum I l I |
23.20
0 : D
21.00 21.25 21.50 21.75 22.00 22.25 22.50 22.75 23.00 23.25 23.50 23.75 ENN TATE

B Eberly College
of Science
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Waters
Goals of Combining HRMS with IMS THE SCIENCE OF WHAT'S POSSIBLE!

= IMS = additional separation based on size, shape and charge
state of an analyte

— Collisional Cross Section (CCS)

INTELLISTART"
B |
ANALYTE SPRAY LOCKMASS SPRAY

1ICUED
PUSHER

ROTARY PUMP AIR-COOLED TURBOMOLECULAR PUMPS

SYnArPT G2-5

14
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THE SCIENCE OF WHAT'S POSSIBLE.®

= Overcome chemical noise limits in MS/MS

» Improve MRM methods with <70 or > 120%
recoveries

= Spectral clean up

= Avoid false positive/negative results

= Prevent unnecessary failure of biomarker validation
= ID relationships among analytes — compound class

= Resolve compounds chromatography does not as
well as isomers, isobars, charge states, and
protomers



Waters
Ion Mobility Overview = mescencorwwars rossiaie: :

i TRIWAVE
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Waters

THE SCIENCE OF WHAT'S POSSIBLE.’

O High Mobility Ion
@ Low Mobility Ton

17
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Ion Mobility Separation Waters

I someirs THE SCIENCE OF WHAT'S POSSIBLE.
100 : (GRGDS)?* ) (SDGRG)?*
2m Drift Tube Data ﬂ
211.7 A2 222.7 A?
2\’ (b) +2 ATD
2 e
2 60 ’
2
c SOGRG
- 0=149.7 A
(3]
= 40 /
S
D
(04
20 )
2776 00 325 350 I8 u
Drift Time (ms) J \
0 v I I T I I 1
2.5 3 3.5 4 4.5 5

A New, Higher Resolution, lon Mobility Mass Spectrometer.

Paul R. Kemper, Nicholas F. Dupuis, Michael T. Bowers Time (ms)

int. J. Mass Spectromi. (2005), doi:10.1016/j.ijms.2009.01.012

18
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Waters
w h e re ’S wa I d O ? THE SCIENCE OF WHAT'S POSSIBLE.®

i
@ UPLC

MS

21
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Waters
H D M SE THE SCIENCE OF WHAT'S POSSIBLE.®

= Provides accurate mass on precursors and product ions by
rapidly alternating between high and low energy
— Clean spectra for intact molecular ion and all fragments

- For comprehensive structural elucidation

INTELLISTART"

ANALYTE SPRAY LOCKMASS SPRAY

STEP|[WAVE

ON MOBILITY " HIGH FIELD
SEPARATION ws | | =ev PUSHER

: SE|TNM — IWW}?HII —
- m|‘|'rr|'||';‘l'\'ﬂ1 —— . —— IH
\ A ¢ v \/

AIR-COOLED TURBOMOLECULAR PUMPS

ROTARY PUMP :

SYNAPT Ga2-5S

22
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Tra n Sfe r F ra g m e ntatl o n THE SCIENCE OF WHAT'S POSSIBLE.®
N
T RIWANVE
I I
ION MOBILITY
SEPARATION
TRAP TRANSFER
HELIUM CELL &
= 'L_=
m/z m/z
, ® 4
> : ®
e ©
Drift time Drift time

Precursor ions

Precursor ions

Precursor and products

23
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CCS/RT Comparison for IDs in Waters
Sa m p I es THE SCIENCE OF WHAT'S POSSIBLE."

PXDDF's Groupings by RT and CCS

40

@ Br Dioxin
M Br Furan

A CIBr Dioxin
35

X CIBr Furan
X Cldi-Br Furan
® ClFuran

30 _;_ E = >§'_ + Cltetra-Br Furan
.
[ + + = Cltri-Br Furan
B ~ di-Br Dioxin
X = - @ di-Br Furan
x XX M di-CI Br Dioxin
— Ak le‘j - XX ® A di-CIBr Furan

RT (min.)
|

- ® i-cldi-
?)K)K X di-Cldi-Br Furan

20 A X penta-Br Furan
A‘A A\ © penta-Cl Furan
Y Rt
Q~&? + tetra-Br Dioxin
A
&Q}( = tetra-Br Furan
15 ° *

= TetraCDF

- [ < tri-Br Dioxin
7 tri-Br Furan

10 tri-Cl Br Furan

110 120 130 140 150 160 170 < tri-Cl Furan
CCS (An2)

24



High and Low Energy HDMSE Spectra

Item name: HDMSe Jan 26_003
Description: 1/10 pxddf mix 1 and 2
Component name: 2-Br, 3,7,8-Cl dibenzo-p-dioxin

Waters

THE SCIENCE OF WHAT'S POSSIBLE.’

Channel name: Low energy : Time 23.2655 +/- 0.0233 minutes : Drift Times: 2.25 +/- 0.07 ms : 4D mass peak list

! 365.84258°°
a | Low energy spectrum ;
‘g 100000" ! Br 16) cl
S 363.84438
2 - i
ﬁ 50000 al o Cl
£ :
0 ] | I ||..
1 1 1 1 1 I 1 1 1 1 1
160 180 200 220 240 260 280 300 320 340 360
Item name: HDMSe Jan 26_003 Channel name: High energy : Time 23.2655 +/- 0.0233 minutes : Drift Times: 2.12 +/- 0.07 ms : 4D mass peak list
Description: 1/10 pxddf mix 1 and 2
Component name: 2-Br, 3,7,8-Cl dibenzo-p-dioxin
193.96803 463e4
£ - | 19596502 L aND . i - |
3 ] i CzozBr |7 i _COBr i i_ COCI |
U; 25000 T J 30287846
G ' -COBrCli i 25693167 88005
g S 2 . 300.88092 | 341 87600
= . 230.93327 258,92797 /
}58.99857 | ”, 221.9|6214 i 249.9151681 286.92324 3»06.87270 330.87291 365.8141142
0 - 1 1 1 1 L - - lI . : ¥ I L 1 L 1 . 1 1 . -
160 180 200 220 240 260 280 300 320 340 360

High energy spectrum

Observed mass [m/z]

25
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RTs, Fragments and Collisional Cross Waters
SeCtion (CCS) for Availa ble Sta nda rds THE SCIENCE OF WHAT'S POSSIBLE.’

Theoretical Mass
PXDD Formulae RT Monoisotopic Error | CCS (An2) Fragments (Da)
Mass (Da) (ppm)
8-Br, 2,3-Cl dibenzofuran C12H50BrCI2 19.21 313.8896 -0.79 138.71 206.9768; 172.0080
3-Br, 2,7,8-Cl dibenzofuran C12H40BrCI3 22.74 347.8506 -3.57 145.64 240.9379; 205.9690
318.8484; 274.8989;
4-Br, 2,3,7,8-Cl dibenzofuran C12H30BrCl4 27.18 381.8116 -2.1 151.88 239.9293
312.8823; 284.8873;
1,2-Br, 7,8-Cl dibenzofuran C12H40Br2CI2 24.68 391.8001 -2.9 145.68 233.9639
1,3-Br, 2,7,8-Cl dibenzofuran C12H30Br2CI3 29.39 425.7611 -2.59 152.52 346.8433; 267.9250
266.9212; 222.9717;
7-Br, 2,3-Cl dibenzo-p-dioxin C12H502BrCI2 19.72 329.885 1.21 143.18 160.0080
300.8823; 256.9328;
2-Br, 3,7,8-Cl dibenzo-p-dioxin C12H402BrCI3 23.27 363.8455 -3.01 149.97 221.9639; 193.9690
334.8433; 290.8938;
2-Br, 1,3,7,8-Cl dibenzo-p-dioxin C12H302BrCl4 27.61 397.8059 -2.74 156.12 227.9300
2,3-Br, 7,8-Cl dibenzo-p-dioxin ~ C12H402Br2CI2 25.77 407.7939 -0.14 152.7 344.8318; 300.8823
240.9379; 205.9690;
8-Br, 2,3,4-Cl dibenzofuran C12H408BrCI3 22.83 347.8506 1.15 145.31|268.9328

312.8823; 284.8873,;
2,3-Br, 7,8-Cl dibenzofuran C12H40Br2ClI2 25.19 391.8001 -3.06 147.88|233.9639

26



Results: QC'Injections

~
Waters

THE SCIENCE OF WHAT'S POSSIBLE.’

2-Br, 3,7,8-Cl dibenzo-p-dioxin
2,3-Br, 7,8-Cl dibenzo-p-dioxin
8-Br, 2,3-Cl dibenzofuran
1,3-Br, 2,7,8-Cl dibenzofuran
2,3-Br, 7,8-Cl dibenzofuran

7-Br, 2,3-Cl dibenzo-p-dioxin
2-Br,1,3,7,8-Cl dibenzo-p-dioxin
4-Br,2,3,7,8-Cl dibenzofuran
1,2-Br, 7,8-Cl dibenzofuran

8-Br, 2,3,4-Cl dibenzofuran

T

0.00

0.05

0.10

0.15

0.20

0.25

M RT %RSD
B CCS %RSD

27
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Searching for additional congeners

v

Waters

THE SCIENCE OF WHAT'S POSSIBLE.’

’ @;—'\ssign ’

Item name: HDMSe Jan 26_005  Channel name: Low energy : Time 18.3835 +/- 0.0319 minutes : Drift Times: 1.... # X
Description: Electric Wire Extract
315.88646 949e4
g 313.88849
<, 50000 V| 317.88328
£ /
£ 24107836
£ 240.07215—"'2“208186 27396793 318.88599
P S| I R | — a
Parameters 200 225 250 275 300 325 350 -
_— Item name: HDMSe Jan 26_005 Channel name: High energy : Time 18.3835 +/- 0.0319 minutes : Drift Times: 1....
m /Z: 3 13' 88 896 Description: Electric Wire Extract
20697577 574e4
- - ... - — Swoo_
Retention time: 1024 min % p—
O,
m/z tolerance: 5 ppm g 250007
2 210.96988
3 . — . = 7 315.88564
Retention time tolerance: 10 min 0 — , . : T — r
200 F 225 250 275 300 325 350
\\\ Observed mass/m/z]
I (b) Start |
‘\\ /
Results (13 found) / 2
. Component name m/z Observed neutral mass (Da) Obsen;‘qi RT (m}é] Observed drift time (ms) Observed collision cross section (A’) il
1 Candidate Mass_12 313.8885 313.8885 18.38 1.98 139.38
2 Candidate Mass_13 313.8888 313.8888 18.56 2.02 14116
3 Candidate Mass_14 315.8884 315.8884 18.72 154 13747
4 Candidate Mass_15 313.8885 313.8885 18.82 192 136.57
5 Candidate Mass_16 315.8884 315.8884 18.95 195 13807
6 8-Br, 2,3-Cl dibenzefuran 313.8830 313.8895 15.24 1.98 139.18
7 Candidate Mass_17 313.8886 313.8886 19.38 1.96 13848
8 Candidate Mass_18 315.8882 315.8892 20.07 1.88 135.03
Q CanAdidata hdace 10 2128884 2128884 M 77 104 13787

28
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Other Mixed-halogenated Components Warters

THE SCIENCE OF WHAT'S POSSIBLE.®

= In addition to congeners in standards, more halogenated
compounds were observed when XIC was searched

Information -
Item name: HDMSe Jan 26_005 Channel name: Low energy : Time 23.3728 +... C12H5Br30 °i’
Description: Electric Wire Extract
3.15e6
3e6 403'/8:7.—405.78513 P f 403.786 405.784
2 [
5 2¢67] 40178909 40778380 ‘ e I emen ta I -
S \ / - 59 0.2
2 =
composition ® |z
£ le6 / 407.763
40878588 404790 406.788
393,79800 402.792 408.766 |
S 1011 (A Lom | | ] | e
390 395 400 405 410 415 420
Observed mass [m/z] 402 404 406 408
m/z [Da]

Propose product ion
from HE spectrum

[
[
1.97¢6
20687324 i
|
__ L15e6 i IOSS of —COBr
ﬂ 1
é’ 29487552 | 208.87158 | Th eo reti ca I |
o le6 : |
= | |
- Mass: 294.8753
~ 5e5 | |
288.88117 299.87436
v / ’ | | I/
0 . . . .
290 295 300 0

Observed mass [m/z] 29



Proposed PXDD/F’s in Wire Extract

Waters

THE SCIENCE OF WHAT'S POSSIBLE.’

Item name: HDMSe Jan 26_005 # X
2218
Candidate Mass_62
_ 2228
100000+ Candidate Mass_63
22.94
?andidate Mass_66
so00{ From Standards (ie known 5106 2337

~ RT and product ion(s)): Condidate Mass 1| | pondesetlos®
E 8-Br, 2,3-Cl dibenzofuran Candidate Mass 76
O, 60000 . . .
2 7-Br, 2,3-Cl dibenzo-p-dioxin 2047
2 . Candidate Mass_79
L 2,3-Br, 7,8-Cl dibenzofuran 205

wo00{ 1,2-Br, 7,8-Cl dibenzofuran Gandidate Mass_80

29.8
Candldate Mass_81
20000 PLUS... 20.91 [ | 3173
Candidate Mass 26 24.95 Candldate Mass_59
1838 - Candidate Mass_44 3181
Candidate Mass 12 | h | ‘ Candldate Mass_89
0 . . . . . | Jl Il l| L | ll I | . . | .
0 25 5 7.5 10 125 15 17.5 20 225 27 5 375 40 425 45

Retention time [mln]
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Sample Identifications THE SCIENCE OF WHATYS POSSIBLES

= Screening list updated to include all theoretical PXDD/F's
= All IDs required to have a diagnostic fragment (-COX loss)
= In-source fragments observed and removed accordingly

PXDD/Fs in Controlled Burn Samples

14
12
10
q:, 6 B Electric Wire
2 4 Foil
8 2 I ] 1l | = Circuit
Yo
; 0 I I I AN I I Plastic
O ,b(\ R ,o(\ AN ,00 S0 0 0 0 ,00 Q ,b(\ RS ,b(\ K R ,b(\ Q
<’)\0+ (<\3< Q\O+ (<\>( ((\)(b((\}( (<\>( (<\)<O<)\O+ D <')\0+ (<O<b(<\> <(\>( (<\> (<\) O\O+ (<\§ (JOQ\O.\- (<\§ ((\)(b
<b( @( Q)( RS Q)( O Q)( %( Q)‘ Q)( <b( Q)( RS < Q)( C} Q)‘ @( &é, %( @( %’(
OO I FSCOFLEI LS ELE O
<& O ¥ ¥ O o &L N
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Conclusions THE SCLENCE OF WHATYS POSSIBLE?

= APGC/MS/MS provides improved sensitivity
- + 20 to 40 X versus magnetic sector

= PXDDs and PXDFs found in nearly all fire debris samples

- APGC allowed detection of more compounds than previous
techniques

= IMS provides additional information for ID of congeners

— Important for congeners for which no commercial standard
exists yet

PENNSTATE

B Eberly College
of Science 5,
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THE SCIENCE OF WHAT'S POSSIBLE.®
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