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Target and Non-Target Analysis

More than 109 million organic and inorganic substances and 66
million protein and DNA sequences in the CAS data base
(http://www.cas.org/content/counter)

There are 45 million compounds listed in ChemSpider
« WWW.Chemspider.com

There are >750,000 MS spectra in Wiley v10 library
There are >240,000 MS spectra in NIST 14 library
Most analytical tests are performed on target analytes

There are only a relatively small number of compounds analyzed
routinely

« Mainly limited because of the number of analytical standards and
validated methods available



- Target Compound Analysis

- Stockholm POPs, PCNs, PAH, PCPPs — Established methods,
optimized for target compounds — Very specific and can filter out
any potential unknowns

- Suspect Targeted Identification

- Compounds in Industrial Products, Patents, Howard & Muir EST
2010 (~500 compounds that are Persistent, Bioacumulative, Toxic)

- Have some information to help find compounds
Unta rg eted Unknowns A. Breakdown of the Chemicals in commerce - USA

- Other compounds and degradation -
"industrial”
|

products
Are There Other Persistent Organic Pollutants? A B. “Industrial” Chemicals in commerce - US TSCA inventory
Challenge for Environmental Chemists'

DEREK C. G. MUIR*.f AND PHILIP H. HOWARDS

m"industrial”, ~82,000

EFood additives, ~8600
mCosmetics ingredients, ~3400
= Pharmaceuticals, ~1800

W Pesticides (actives), ~1000

Med Vol ~10,000

HPolymers

Polymers ~40,000),
Water Science and Technology Directorate, Environment Canada, Burlington, y : ) B Low volume <4.5 Wr or not pl‘oduced
Ontario, Canada, and Syracuse Research Corporation, Environmental Science g
Center, North Syracuse, New York ow Vol ~28,000 B Medium volume 4.5-454 Uyr
4

B HPV >454 tlyr (~2800 substances)




The Universal Mass Spectrometry System
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System Attributes

Mass range m/z 20 — 4000
Capable of analyzing most environmental
contaminants in GC or LC mode

Maximum Acquisition rate 30 Hz
Capable of GCxGC experiments

Mass Resolution 25,000 — 35,000 FWHM
>10,000 at 10% valley. Acceptable for
HRMS dioxin analysis and capable of
mass defect analysis.

Mass Accuracy < 1mDa

Full Scan and Tandem data acquisition

Can do both Target and
Non-Target analysis



Practical aspects of a universal mass spectrometry system

« Less Power required - 1/3' of an
HRMS (3-5kVA vs 13kVA)

QuanTOF

* NO chilled water

* NO cryogens (Lig N,, He)

INTELLISTART

« ONLY ONE backing vacuum pump
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« MUCH LESS experience to operate

= = il ey — “— i r '
STEP[WAVE W S Sorusionmge gE oEge « ONLY ONE HOUR to reconfigure for

LC or GC modes of operation

The Universal Mass Spectrometer can replace multiple instruments




Atmospheric Pressure Gas Chromatography (APGC)

Transfer
line

lon chamber
Corona pin

Vial holder

GC inlet and ionization
Corona pin initiates ionization.

lonization similar to processes observed
for APCl in LCMS

Positive ionization usually occurs by
charge exchange with N,**.

H,O and other gases can be introduced
to modify the ionization process. (proton
transfer e.g.)

Negative ions may be generated by
electron capture, but other mechanisms
may also occur.
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" L Position in APGC
- Source

Positive mode: .
Nt + M > Mt + Nzl

Negative mode:‘/
e+ M-> M-

O, + M -2 [M-X+0O]-
(where X = H, CI,
Br)




The Waters Xevo G2-XS Q-TOF mass spectrometer

Scan Modes :

Full Scan TOF-MS. QuanTOF
Target Enhanced Mode FLIGHT TUBE
MS/MS (CID, Neutral loss etc.) - :
TOF-MRM [

DUAL STAGE
REFLECTROM

INTELLYSTART" i

ANALYTE LOCKMASS QUADRUPOLE pORE LENS
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Enhanced Dynamic range with a Q-TOF using a single injection?

Tl Experiment Setup - c\masshyrdkjj. pro\acqudbhdxf_ms targetenhanced lh.exp = || B ER
File Edit Options Toolbars Fonctions Help
0= '»f@ » A v % LockSpray | Fmethod Events |

B ms | msMs | B PIDFProduct | B PIDNeutrsl | (@M contuum | ML cormoid | M Tot-MRM | B FastDDA
Total Bun Time: (4000 4 7 . | H0ipins
Mo, Information Time

Tof S, Time 0.00 fo 40.00, Wass 100.00 0 1000.00 API+ -—-—---------—-—- 5 5=—5G
Tof S, Time 0,00 fo 40.00, WMass 100.00 to 100,00 API~ e~

2
3 TofMS, Time 10.00 to 19.50, Mass 50.00 to 500.00 API+ I

4 TofMS, Time 19.50 to 22.50, Mass 50.00 to 500.00 API+ B

5 Tof MS, Time 22.50 to 25.00, Mass 50.00 to 600.00 API+ =

6  Tof MS, Time 25.00 to 29.00, Mass 50.00 to 650.00 API+ -

7 Tof MS, Time 29.00 to 40.00, Mass 50.00 to 1000.00 API+ =]

LockSpray: Enabled LockMass: APG

Can use a combination of full scan, target

enhancement and MSE functions
« Target enhancement functions to monitor molecular ions
« Two full scan functions at low and high collision energy for

screening

m;_}
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Instrument sensitivity (APGC) - full scan vs MRM

Wellington Dioxin Sensitivity Mix

MRM - Tandem Quadrupole Full Scan — Q-ToF

MXEB TCDD mixture 2-100fg
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Reactions with O, can distinguish 2378-TCDD from its isomers

The Mass Spectrometry of Polychlorinated
Dibenzo-p-Dioxins

J. Ronald Hasst and Marlin D. Frieseni

Environmentai Biology and Chemistry Branch, National Institute of Environmental Health Sciences, Research Triangle
Park, North Carolina 27709, USA

Michael K. Hoffman
Washington University Medical School, St Louis, Missouri, USA

The negative ion chemical ionization mass spectra of polychlorinated dibenzo-p-dioxins using oxygen,
methane and methane/oxygen are reported together with their methane positive ion chemical ionization mass
spectra and conventional electron impact spectra. The methane/oxygen negative ion chemical ionization mass
spectra proved to be the most useful of the negative ion spectra for structure determination.
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ORGANIC MASS SPECTROMETRY, VOL. 14, NO. 1, 1979 8



Differentiation of TCDD isomers by GC-APCI-

Absence of peri Cl enhances ether cleavage

(Observed by Hass et al.) c 0 c
300.9251 cl 0 cl

100 [CeH,0,Cly] -
175.9435 [M-CI+0,] -
N 177.9404 304.9176 (M+0
P79-9381 ( 353.8847
O‘\H\‘\H\‘\H\‘\H\‘\H\‘HH‘\H\‘\Hl\“/\\\\‘HH‘HH‘HH‘HH‘HH‘HH‘HH‘HH‘\J\JH‘”\”\H‘HH“\1}‘\‘\\l\l\‘h\‘\\\‘HA\‘?“‘\H\‘X\LJJ\T‘\\H‘\H\‘\H\‘\\H‘m/Z
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Reactions with O, improves selectivity

[A] APCI +ve [M'*] m/z 321.894 [C] APCI +ve [M™] m/z 499.691
0 J 100- ?
2) 2 2
J ‘\9 - -, -
"’3) ‘?\) 03) eﬁ \g?\
, Q L % %
) 00 2 0, 0,
J 9 %) o 0 2, 0
s O 0 ..Q‘))
“®
%
0 1 oo
B Y . T 1800 s 540 560 580 600 60 64
[B] APCI -ve [ CH,Cl,0,"] m/z 175.943 [D] APCI -ve [ CH,Br,0,"] m/z 265.840
100+ M
v
.\,3)
1(9‘)
S Q
09
¢ R N L RN AN AL RALAN EARRI LAARE N Time
16.00 16.50 17.00 1750 18.00 520 540 560 580 6.00 6.20 6.40
40m GC column 15m GC column

“*Analysis of PBDDs is often performed using a short, thin film GC column.
“+*APCI- improves separation between key TCDD and TBDD isomers.



Comprehensive two-dimensional gas chromatography

Schematic of a GC x GC

Injector TOFMS

Modulator
’D
.\\ \PM
Y
X+Y
0
2
1, | trY
Py = modulation time ] ]
D = dimension Retention Time (tR)
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Second Dimension Modulation

Signal ”
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PCB Standard by GCxGC-ECD
Orthogonal Elution

Signals 51

PCB STD (BP-MS)
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hasses: 51
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GCxGC can enhance sensitivity

100+
500fg 2378-TCDD
B
1D GC (2 Hz)
FWHM=5s
.D_

12.40 12.90

15.56

12.60

15t D : 30m rtx-5 0.25mm x 0.25um
2" D :2m rtx 50 0.18mm x 0.18um
4 second modulation period

GCxGC (10 Hz)
FWHM = 420 ms

12.70

m,_}
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APGC reduces interferences and GCxGC can resolve them

Quechers Dioxin 135591 45 300ms

15-07-27_GCxGC_029 28780 (30.006) (
445 V61 6.39e6

1001
] m.?ﬁ"q‘m OCDPE.'I-
447 758

aﬁ_
_ 441767
| m-cl, 449.755
1 3r3825
_ 389,820 Mj}ﬁ*-m

{]_ .||:'|||'||| '----.----!'I"i.l"Z

350 400 450
15-07-27_GCxGC_030 28612 (21.432) (

100- 373.824 1.40e6
1 375.822
| =
) 377818
389.820
. 445 760
I TN
0 L R e, "l'l""l""l""l"" mz —
350 400 e

450
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Goal : a routine, Targeted and Non-targeted analysis

(1) Mass defectfiltering reveals halogenatedions

LET 13C.PCBs,

(i1 k o) F"C[I;.'ljs )
SE i #
o } K RN
oS '

W w

& : _I..e_l ﬂ:—a mp(:”

bl "--«'.'” ' - . LE o

ve L ‘E?M pt 1;&.- o
1 ] e ]

PBDFs

= Bo iz #2 “ma me me w0 450 om0 A

i miz

(2) Software deconvolution of both target and (3) Interpretation of full-scan high resolution

non-target compounds. mass spectraleads to structure proposal :
HUnknowns™ ?-3__-: . e

48T 707




Target and non-target analysis in a single injection

Mattress Fire Sample FIRE Hex-1

2015-04-09-D}{04 Sm (SG, 1x1) 1- TOF MS AP+
2332 483.696 0.1000Da

100 2055 3.91e4
Area

23

23.94 2423
261 234
Pl

23.00 23.50 24.00 24.50

j II II :Br
(o) Br

Mattress Fire Sample FIRE Hex-1
2015-04-09-DX-004 (0.032) Is (1.00,1.00) C12H4Br40  1: TOF MS AP+
100+ 483.696 3.31e12

Isotope model

481.698 485.694

479.700 487.692

T T T T T T T T T T T T T T T T T T T T
476 478 480 482 484 486 488 490 492 494

2015-04-09-DX-004 1889 (23.100) Cm (1883:1890-(1837:1879+1891:1896)

100+ 483.697 1.24e4

RT =23.07 min

0

m/z

%

481.698 485.692

479.702 487.699

\\\\\\\\1\\\\‘\\\\\\\\m/2
476 478 480 482 484 486 488 490 492 494

The TEQ is increased 10x when 2,3,7,8-TBDD/F are included!




Identifying Unknown Compounds

Compounds must be separated from bulk matrix and other interfering
compounds or isomers — GC, GCxGC or LC is used to attempt to get a
clean mass spectrum

Use tandem mass spectrometry (MS/MS) or high resolution mass
Spectrometry (HRMS) to confirm elemental composition, structure and
functional groups

Requires extensive investigative work — background knowledge from patents,
manufacturers, e.g. INCHEM (International Programme on Chemical Safety —
www.inchem.org, ChemSpider, www.chemspider.com

No previous information - identify by first principals

- RDBE, Element Restriction Rule, Nitrogen Rule, LEWIS and SENIOR
(valence) Rules, Isotope Patterns, H/C check, Hetroatom/Carbon (<1.3) and
data bases (CAS, ChemSpider)

Synthesize compound as authentic standard for confirmation

23

Kind et al, BMC Bioimformatics, (2007), 8, 105 /’C S _
Godfrey et al, Anal Bioanal Chem, (2012) 404, 1159 L/ Ontario



Plastimet Recycling Plant Fire - 1997




Plastimet

400+ tonnes of polyvinylchloride stored on site burned.

% The fire burned for 3 days before it was finally extinguished.

Nearby residents were very concerned about their health.
Several firefighters developed serious health problems.

% Chrome plating on some fire engines came off in the months
following the fire due to atmospheric HCI.




Plastimet Soil Extract

Silica Sep-Pak Clean-up

W W\M TIC: Reconstructed 1D Plot
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How can one interpret such a mass of data ?

One option is to perform a “Kendrick mass analysis”

In this procedure, the mass of CH, is defined as 14.000 Da, instead of the
I[UPAC mass of 14.01565 Da. [Kendrick mass = IUPAC mass x (14 / 14.01565)]

In a Kendrick mass analysis, the Kendrick mass defect is plotted as function
of nominal Kendrick mass for ions observed in a mass spectrum

lllll
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......

Kendrick Mass Defect

Kendrick Mass



The Kendrick mass defect plot of the Plastimet sample
The second band of peaks corresponds to halogenated ions
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This plot displays dioxins, furans and many more CI/Br species
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Tentative structure proposals are based on accurate masses
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- There are potentially thousands of isomers!
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Electronics Recycling Plant
Dust Sample Extract

Positive El




Mass defect filtering simplifies the GC(xGC) chromatogram

GEEPd10x hexane MS
2015-03-24_GEEP-003_AMF Sm (SG, 1x1) TOF MS AP+
100 10.06 _ TIC

113461 - 4.03e6
Filtered Tetra-BDE "<

chromatogram 14.72

93928
|-
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44122 |14.79
368732

6.28:5762
.
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4.00 6.00 &.00 10.00 12.00 14.00 16.00
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Electronics Recycling Plant
Dust Sample Extract

Negative CI
Methane/ammonia
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Electronics Recycling Plant
Dust Sample Extract

Chlorine 1
= m/z34.9689 A‘
| I
- P m@‘@o.ml ‘ w‘

A RS e R e ) R IH”a‘sc'u”III”‘S&SHWE‘SE”H”I

2nd GC retention time (sec)

1st GC retention time (m|n)

< Bromine "
= m/z78.9183 “ *@t
|| ]

. ALl
E ) w| i
‘.l (LAl ' \

2nd GC retention time (sec)
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1st GC retention time (min)



Halogenated Flame Retardants

Brominated Flame Retardants

Polybrominated diphenyl
ethers (PBDESs)

Polybrominated biphenyls
(PBBs)

Hexabromocyclododecane
(HBCD)

“‘Replacements”

Chlorinated Flame Retardants
Mirex (dechlorane)
Dechlorane Plus®
Dechloranes

35



Discovery of Dechlorane Plus (DP) - UU

DP: flame retardant, substitute of non-agricultural Mirex

Cl Cl
cl Cl Cl c c Cl
Cl Cl Cl Cl
Cl Cl Cl Cl
HCCPD 1,5-COD Cl Cl

DP (syn-DP & anti-DP)

Reported in Great Lakes air, biota and sediment (Hoh et al., 2006)
« Manufactured by OxyChem in Niagara Falls, NY began before 1970s

Used in plastic coatings of cables, wires and television electrical
connectors and carpeting

* Present in sediments from Lake Ontario 60-fold higher than Lake Erie

A HPV chemical, 1-10 million pounds/year

36
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Unknown GC-HRMS Peaks

Lake Ontario sediment CI cl

Retro-Diels-Alder fragmentation

’

m/z 100
271.8102 | CsClg™
anti-DP
Mirex 11.87 271.8102/273.8072
\‘ (100/80)
/ X 100 unknowns \
. |
= |
X 10 other OCPs ~
unkown ‘\ | anti-DP 10
‘ ‘(\ “‘ I syn-DP | unknowns
L |
‘\ 13.00/
\ I ‘
0 e ] S—— " Time

5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00
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 NNeERE

Home

World Health Organization
Geneva, 1984

ATl

INTERNATICNAL PROGRAMME ON CHEMICAL SAFETY

ENVIRONMENTAL HEALTH CRITERIA 44

Dechlorane 602 Dechlorane 603 Dechlorane 604

non-agricultural mirex has been replaced in
h a=z Dechlorane plus, Dechlorane 4070, 510,
of which have zimiliar fire retardent

consunption data for mirex in non-

— e



.....................................................................................................................................................................................................................................................................................................................................

Cl Cl
Dechlorane 602 CICl c CICI
Added to Fiberglass/Nylon-6
Used in high voltage electrical cl cl
cabling with dechlorane 604 Cl Cl
N cl °\ a
Cl
Dechlorane 603 ?
Cl cl
Cl Cl
Dechlorane 604 SN
Listed as in Molykote® AS-810 “ Y
silicone grease cl
High voltage cable Cl
Oy
39 >
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Confirmation of Suspected HFRs

Background information suggested that some of the m/z = 272
peaks would be the Dechlorane 600 compounds

Analyzed sample from Niagara River Bar — Niagara River
depositional area to get highest possible levels and attempt to
observed a full mass spectrum with molecular ion

Cl isotope ratios were correct
Obtain synthesized pure standards of the proposed compounds

Confirm GC retention times and mass spectra of standards are the
same as analytes of interest

40
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mz Standard anti- Lake Ontario Sediment

653.7113 (DP) - TLEe 11sd
'112T-h

11.28

691.5107 (Dec 604) g g,

637.6800 (Dec 603)

BFS 3[j

613.6436 (Dec 602)
6.29 6.29

Jl unknown
271.8102 {(C_ClI
(CsCl) 11.87 w100 932 1187
6.29 9.33 11.27 883 |
8.83 6.29 :
i 1128
NN S TNy e e ey e B Y e A T R T T O I T T e e et

Oy
> .
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Dechlorination of Dechlorane 602

Each peak had isotope ratios consistent with

the theoretical values of C.,Cls* and C;CI;H™. 0]

| miz \“
. . | 237.8491
The El mass spectrum of photomirex also displays | cgHCI,

peaks at m/z 272 and 238, corresponding to the retro- X ]
Diels-Alder product ions C;Cl;"™* and C;CI;H"*.

Lake Ontario
fish

Cl 0 -
Dec 602 tech

[ N i :CI T+

Cl

Retro-Diels- a_

a ) cl Alder / Cl 100 ) mixture

: : _ 1™z @,

cl @) (@ cl fragmentaﬂon m/z 271 8102/2738072 1 237 8491 0/70

d : : o ] Scg
! f o~ 5, f \ al . | 09

+
%

RS

Cl -

m/z 237.8491/239.8462 Y Y

Shen et al., Anal. Bioanal Chem, 2012 My

f: ~ }Ontario



Potential for Long-Range Transport

Dec602 and B-Cl11Dec602 in Arctic polar bears

15

c ] B p-Cl11Dec602 B Dec602

-% T 104

§= * i

0_IJ T . YT [
Polar bear sample (n = 23)

-Cl11Dec602 Dec602

Fish (Ontario) 1.2-20 7.2-96

Fish (Superior & Huron) 0.65-6.8 0.57 -13

Polar bear 0.12 - 8.2 0.14 14

r’:”’ Ontario



FTMS data obtained from a Lake Ontario Lake trout

360
a) ~ 1000 peaks with S/N > 3 394

326 430

il

| s
UL S B B B B R R S A B AL A

150 200 250 300 350 m/z 400 450 500 550

b) TIC obtained from Lake Ontario Lake trout

T T T T I B T —r T —r

T L L S e B L

10 12 14 16 18 20
Retention Time (minutes)

-

&7
o

Jobst et al., Anal. Bioanal. Chem., 405, 3289 (2013)
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The mass defect plot shows both known and unknown compounds

0.4 - Chlorinated Terphenyls
@ @ ©@C.H, Cl*(n=3-5)
0.35 . e @ @ @ ® C.H, . Cl**(n=1-5)
DDT degradation products Chlorinated Anthracenes?
C14HoCly™ / C1,HeCly™ o ol et g
0.3 - © @ / 14H10.Cl** (N =1 -6)
4 ® (] @ © (@) @
.;l)_-' @ O © QO CCQPCDPES
Q0.25 - © @ & 3@@ o @O @ @ PCBs
: & .3 ¥
«
s @ & 8 o® ® P o pens
O 0.2 1 CyoHenCl™ (n=3-86)
S~
T @ @ %
@ © CgHgBr,** | CgH;Br,CI** /|C4HBr;**
T @ @ ¢, @ @ C,H,Br,CI* | C,H,Br,Cl,* | C,H,Br,CI*
T CsHCI;**  CsClg** Unknowns?
C8H6-nC|n.+ (n =2- 6@ @
0-1 I I I I I T T 1
150 200 250 300 350 400 450 500 550

m/z
Jobst et al., Anal. Bioanal. Chem., 405, 3289 (2013)
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The unknowns are analogues of the flame retardant Dechlorane 604!

a) Lake trout extract g5

6.0 6.5 7.0 75 8.0 8.5 9.0
Retention time (min)

b) pZ 7.99
Bry | cl
[ ’ Ci
& Cl
Cl
Dec 604 -Br+H
- AN

6.0 65 7.0 75 8.0 8.5 9.0
Retention time (min)

C) 6.84 Lake trout extract

7.06

6.0 6.5 7.0 75 8.0 8.5 9.0

Retention time (min)

d) 6.82 7.23
Bry | Ci
MRE)e
cl
Cl
Dec 604 — 2Br + 2H

Retention time (min)
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Jobst et al., Anal. Bioanal. Chem., 405, 3289 (2013)
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Synthesis of Standards

Br2

Tech604Mix-A i
Tech604Mix-B Dec604 CB HCPN

2,4,5-Br;Dec604
Toronto Research Chemical (TRC

cl Cl

3,5-Br,-5,6-Cl,Dec604 2,4,6-Br,Dec604  3,5-Br,Dec604 BrDec604 Cl,Dec604

My
Shen et al., Environ Sci & Technol, 48, 11170 (2014) z;}Ontario



Concentration (pg/g dry weight)

Dec604 Analogues

Surface Sediment Fish

6000 35

Dec604 (5000 pg/g dw) o
> Dec604 CB (1400) 30 { ™ Whitefish
> total Br,Dec604 (100)
> BrDec604-11l (24)
4000 + = HCPN (29).

H Lake Trout

Dec604 CB (26 ng/g Iw)
> total Br,Dec604 (5.4)
> BrDec604-ll (1.6)

> Dec604 (0.39)
> HCPN (0.13)

20

15 +

2000 -

Concentration (ng/g lipid weight)

10 +

| o 4
&9 %6‘} Qe,é"& Q:«(' Q;\-é} & Q:O’(}’ cqu’ & & stt‘-
Dec604 Analogue Dec604 Analogue
. . (-
Shen et al., Environ Sci & Technol, 48, 11170 (2014) }r) ;
Ontario
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ZE

Z=-2

-6 Z=-8
Z=-4
75 2

Naphthenic acids (NAs) = Carboxylic acids with at least one
saturated ring.

Can contain heteroatoms in their structure (O, S, N).
Can represent up to a 4% (w/w) of crude oil.

Ortiz at al, Analytical Chemistry, 86, 7666 (2014)



Analysis of Naphthenic acids

C.4H,S0,* (m/z= 290.1546)

C,oHyNO* (M/z=290.1539) RP = 400,000
a) b)
03 - o
Gl « SO
E .50y
25 -
8 02 - *20s
L2 a 4504
£ ﬁ + 0
E 15 = =0y
£ 2 01 - %
10 :.é 20y
. ! g & . «NO
I i AT .
L e e e e o i e o R B S S 0 i ‘ ‘
150 200 250 300 350 50 150 250 350
mass/charge Kendrick mass (m/z)
-=-C -=-S -=-50
a 4 b) 18 c N
) °0 ) B Sample 1 ) SO7 -=-0 -=-0y
3.8 = 02 = 16 - Sample 2 -=-03 =-0y -=-NO>
36 - 03 % 14 | ™ Sample3 , - .
T 34 (I\i?) 5 12 Sample 4 3300 ; AN :
L] -1 [ [} \ \
2 o T 2 3000 : % " )
- . 3 10 - 2
s 5 - © g 2500
o a 3 <
LA— o = 2000
(@] : - i)
= c 6 - |9
T 26 - = 1500
2 4
24 - £ 1000
(@]
Q i
2.2 2 Il | 500
2 ‘ . o Ml L. -
0 02 0.4 Y8885 °88582

O/C (molar ratio) Compound class Retention time (min)



FTICR Instrumentation




“The smallest mass difference commonly encountered in broadband mass spectra of fossil fuels or
peptides is 3.4 mDa, corresponding to the difference between 12C; and 32SH,.

-+ [+ 3.4 mDa
c
. —» +
4.5 mDa ) @ [CyyHqgN, BC,]
b [C55HgN, + H]*
¢ [CogHg3N, S, + HI*
a ‘-
42822 42824 428.26
miz
Naphtho[2,3-a]pyrene
Internal Standard
ooy

280 320 360 400 4-?0 430 520 560 600
m/z

Figure Obtained from: Purcell et al. J. Am. Soc. Mass Spectrom. (2007) 18: 1265

Only FT-ICR and Orbitrap mass spectrometers offer the requisite mass resolution ($$$)




Macondo Crude Oil (NIST SRM 2779) - GCxGC-QTOF

Exact Mass (Elemental Composition) can be determined at low resolution if peaks are resolved

Chromatography can be used to resolve ions of similar mass

R
il
e
o

) by h'w'w-' (Ui

“4 i

I ity G e 16 e Y e o] i 1S W R ) e 5 il Wt 1 TR e O I o ol 1K e s T = K P e s 10 Y e O Gl W e e et e (R o N i s e e s o o K o |
|25.EI |30 o |35 o |4CI.EI |45.D |50.D |55 o {ED.D |65.EI

My
?/” }Ontario

JD Byer, K Siek, KJ Jobst Anal Chem — Re-submitted 2016



Chromatographic Separation of Isobaric Doublets
(C,/SH,)

Intens. 3.4 mDa
108 —

C,H,,0,S
20 0.020 ppm

1.5
1.0

05 GIBH IBOE
0.058 ppm

267125 267.130 267.135 267.140 267.145 267.150 miz

Figure Obtained from:
Barrow et al. J. Am. Soc. Mass Spectrom. (2015) 26: 1508

Dave Bowman

(McMaster
Resolved MS peaks do not need Ultra-high resolution University)
to determine exact mass
e

My
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Extracted ion chromatogram m/z 246 +/- 0.5

C1H140 ' = "
"
v |
. 19H18




GC X GC-ToF MS: Scripting Filters




Development of the Scripting Filter

Base ion

- Identify the base ion

- Unique isotope mass
distribution range

m/z



Stream sediment samples

Masses 393 _

All detected compounds

Pegasus 4D TOFMS

480 1480 2480 3480



Stream sediment samples

Script filtered compounds

All Br and Cl contammg '
compounds

Pegasus 4D TOFMS

480 1480 2430 3430



Stream sediment samples

IMasses 5292

Unknown-script filtered
compounds

Pegasus 4D TOFMS

480 1480 2480 3480



10004

800 4

500 5

400 5

200 4

5
' k
e aCl11DP

Identification of potential dechlorane analogs

Mass spectrum for aCI11DP
standard

o7 79 203
a1 107

133 189 4700 qoedll 917

60 80 100 120 140 160 180 200 220

233

: PSR A s A
240 280 280 300

1000+

800 4

600

400 4

200 4

1000+

800 4

500

400

2004

Mass spectrum for peaks =
1,2,5
7 203

56 273 307

&0 80 10 120 140 160 180 200 220 240 20 280 300

238
Mass spectrum for peaks

3,4

60 80 100 120 140 180 180 200 220 240 20 280 200



Identification of potential dechlorane analogs

13.00 1320 1340 1380 13.80 14.00 14.20 14.40




Identification of an unknown CI/Br compound

1 Non-identified compound, RT: 1746 s, 4.120 s 203
Unknown : :
analii _ No library match Br
b2 s 152 198 'Br 314 -CI
50 110 135 233 279(:'
186 258 358
S0 100 150 200 250 300 350 400

PCB #180, RT: 1746 s, 3.580 s

S 1495 i7g 358 430
PCB #180 -

51 =3}

500

Pegasus 4D Low Resolution TOFMS ‘ |1ﬁ6 ‘

-
= 100 1=0 200 250 200 3=0 400 4z0




Identification of an unknown CI/Br compound

Molecular formula proposed: C,, H; N Cl, Br,
Error: 0.438 ppm (FTICR)

400



Identification of an unknown CI/Br compound

Sample

3,6-diCl-1,8-diBr
Dibenzocarbazole
standard

Caliper - sample "1211023:1"

1746 ,4.131 sec, s

1000

800

600

73
86

400

110

200 135

60 80 100 120 140

162

160

198

233

314

279

252

180 200 220 240 260

Caliper - sample "13021111:1",§1740 , 4.128 sec, s¢

1000
800

600

86 99
400 73

110

200 135

60 80 100 120 140

162

160

198

233

180 200 220 240

Br

Cl 314

279

bc to 1746 , 4.131 sec, sec - 1746 , 3.396 sec, secto 1746, 3.396 sec, sec

393

341 398 374 411

H
N

280 300 320 340 360 380 400 420

Cto 1740, 4.128 sec, sec - 1746 , 3.615 sec, sec to 1746 , 3.615 sec, sec

393

260 280 300 320 340 360 380 400



Identification of an unknown CI/Br compound

Caliper - sample " §6 , 3.396 sec, sec

1000? 393
800 *
600 a
Sample
400
200 ~
: 8 374 411
60 8 \ | 50 380 400 420
Caliper - sample 146 , 3.615 sec, sec
1000+ gr 3%
1738 1748
. . 800 -
3’_6-dICI-1 ,8-diBr Coinjection experiment with
Dibenzocarbazole 6007 3,6-diCl-1,8-diBr dibenzocarbazole
standard 4005 : c
zoo ;
] 358

100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400



Identification of an unknown CI/Br compound

|
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Identification of an unknown CI/Br compound

47080

Absolute amount:
180-1400 pg/g

Corrected concentration as related to 13C-PCB 180
190-2100 pglg /

4708

—
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Untargeted analysis: Unknowns in Tuna
New CI-Br class of compounds

Masses 484+406+369+562

Unknown-Br.Cl

n-BYf Ac‘\

unknoW

Unknown-Br;Cl

1620 620 2020

105 (C) Unknown-BrsCl

- - Peak True - sample "0802104: 1-complete’, peak 2295, at 2562 , 3,00 sec , sec
; [M-BrCl]
800 . L | 7B
: [M-BI‘Q] 100 "
00 \ M-Bi] [M]* J
- : 163 fll-
: 101 483 17
' 404 18
200 359 [M-CI] 3 15 %
9 26 L2 @ 564
_ I 245 52? ik 5 W ®
b 11!‘1“!” *H 5 = 0 myy 6 % 5
100 15[] 200 250 300 350 40[! 45{] SU'U 550 EUD 5 10 15 m Py W ) a0 &) 0 ) &0

EST 42 (2009) 3240



Cy,H;OBr;Cl confirmed by FT-ICR MS

35
10
254
20—
15
104
0

5=

20

Mass/Thage

Yarian M3 Spectum: 77 RT = 314 min (R77/537) Spectam. 77 RT = 914 min (#77/537) 11FEB20151612.37
File: C:\ sers\ME18\Deskiop\FTICR samples\150211_T1_12_211-2015_4.03 24 PM\IS0211_T1_12_C0077 bans
RT@A1d
BasePesk Ampitude: 395385 TotalIntensiy: 226.235 Scans: 1 Postivelons  Intemal Calbration +
. [M+4] CoHOBr,Cl*
[M+2] A6
T -0.42 ppm mass accuracy
[M+6]*
[M]+ 40775854
401,76534
| o
I Aoy et N g P L T
4005 4015 4025 4115 4045 4055 4065 4075 4005 4005
Mass/Charge
[ ——
Vaiian M5 Spectum, 77 RT = 8 14 min (A77/537) Spectum 77 AT = 3. 14mn(H77/537) 11662015 16,12.37
rRuTe; é&lilruwma\mmwncn samplesyTS0211_T1_12_2-11-2015_4-00-24 PHAIS0211_T1_12_CO077 biars
Base-Peak Ampliude: 39,5385 Tolal Intensite 226235 Scans: 1 Posktive lons  Intemal Cafbration + -
[M+2-Cl] [M+4-Cl] CyHgOBr;*(-Cl loss)
368.79430 W79
+0.05 ppm mass accuracy
+
[M-Cl] [M+6-CI]*
HETED 2792
H6IA0 e |
e\l Ay N-'M*-‘-wt'““" i st AN A A A et Mo - T
L e L e e e e e L e B L S e B B S B S B B
ey %0 w n k)

16
14
1.2
1.0
08
ug
04
02

Varian MS [Sum Transients) Spectu 7h- 78

File: C:\Users\MB18AD esklop\F TICR samples\150211_T1_12_211-2015_4-03-24 PM\150211_T1_12_CO07E brans - 150211_T1_12_CO078 trans

3T = 60810 820 i (476, - #78/507)

Spectur 76. 78 RT = 90810 3 20 min (K75 - #7R/537) 1LFER201RIRT1ZT3 .

Base-Peak Amplitude: 1234497 Total Intensity 633,653 Scans: 3 Postivelons  Intenal Calbration
M+2-Br]* +
[M+2-Br] CoH0Br,CI* (-Br loss)
-0.62 ppm mass accuracy
[M+4-Br]*
UK
[M-Br]*
3228469
[M+6-Br]*
mWER 2328 3200007
l | o
WMMWMWWWMAMWWWMWMWWMWNWMM
32? 354 32‘5 35@ 3’50

Mass/Charge




Untargeted analysis: Unknowns
New CI-Br class of compounds

Br

BrQO \/Cl

Br

Pub. No.: US 2008/0221230Al
Pub. Date: Sep. 11, 2008

Br r

Br

Cl

Br r

Br
ChemSpider Candidates



Untargeted analysis: Unknowns
New CI-Br class of compounds

Masses: 484+406+369+562

Unknown-Br.Cl

Br
Br. | Br
Br 0 Cl
Br V\/
Br
Ov\/CI
Br W~ Br Br
Br
Br Br

Unknown-Br;Cl




Identification of halogenated flame retardants by GC x GC-HRTOF

3C-BDE- B

(a) Halogenated flame retardants (standard) "™ “\

gl e

GE z\‘\ \ {:JPT VPBBA \ ' | | }

= s 'PBEB/ 7. inaco h ' nti-DP

é l BaTE | 4 T 13c- Béli -Brs LS ’u %\a

E ALE L l ‘EHTBJ BEHTB ‘ .

= ’ | ‘ | \ ”...uwuﬁb—ﬂjh
By | | PRIy | | a1

E (b) House dust extract (halogenated) aromatics




From dust to data : GCxGC of house dust

House Dust (NIST SRM 2585) analyzed by APGC GCxGC-QTOF

IIII‘IIIIIIIII‘IIIIIIIII|IIIIIIIII AR RR AR RN R RARA RN AN ARAY IIIIIIIII‘IIIIIIIII T IIIIIII‘IIII IIII‘ R RARAR AR NRRARAR{ ARRARARE IIIIII‘IIII
1200 40 |80 00 220 240 280 B0 @00 E200 40 R 280

15t D : 30m rtx-5 0.25mm x 0.25um; 2" D : 2m rtx 50 0.18mm x 0.18um
8 second modulation period (32 Hz)




Kendrick Mass Defoct

§

LA

[ 8"}

0400

oors

(1]

] s -
WM M M 2 M N5 N0 AN M0 W A0 4 40

Known and unknown contaminants are easy to spot

Mass defect plot obtained from E-waste dust

Te_r_phenyls

o :

z Tetrabromobisphenol A

g - .
o,
i . PBDEs

i o

Kandrick Exact Mass

.
4% M0 &Ms M0 ST 00 M4 MM oM T T TR TR W0 B4

M. Ubukata et al., J. Chrom. A, 1395 (2015) 152

TIC (E-waste dust)




El Library Searching of the Unknown

262 6564
100.0 -

$0.0 -~ (a)

s || 361.8887
0.0 4 1100248 1929197
0.0

.6 -

0.0 =

60.0 = 362 . 0000 {h]

8.0 =

100.0

L] L
240.0 440.0

Oy
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Identifying unknowns using APGC

2625564

100.0 =

§0.0 = (a}

fo.0
o
gﬂ,n - 361.8887

to.0 < 110.0248 192.9197
E 69,5341
Eo.o - - -

- .!.. ] Llﬁd{“ 0000 .. ;r
.9 =70 L.a_u_i'_ﬂ n ¥97 . 0000
40.0 - 4]
4] |
60.0 = Nt 362.0000 {bl
cl
80.0 - él
100.0 s - - ’
40.0 140.0 Z40.0 240.0 440.0
mjz
Cl
Cl ol
Cl

APCI Soft ionization leads to 2 revised structure

proposals from ChemSpider.com

GEEPd10x hexane MS

2015-03-24_GEEP-003 (0.026) Is {1.00,1.00) C12HINO3CI
426.868 3.18e12

100+
Isotope model |;; s
424.8?\1\
ﬁ—
430.863
ks
432 860
rd
0 R R REAR T MiZ

250 300 350 400 = 450
2015-03-24_GEEP-003 964 (8.283) Cm (062:066-(043:060+
100, 262880 N oWx24  1.08e5

426.896
A28.889

[260.884|264 577
4 "\/ .

. |
& 361,924 424.900430 891
359.926/363.913
266.875 N
Pk 411-883 §32_aaa
310.238
0 - e m/z

250 300 380 400 450




Identifying unknowns using APGC

M/Z Elemental Composition
424.900 C,,HsClO;N* (M¥)
409.799 C,,HCl:O;N* (M-CH,*)
396.903 C,HsClcO,N* (M-CO*)
359.926 C,,HsCl.O,N* (M-COCI)
260.884 C,H,Cl.*

VA

/

O

Review of mass spectrum suggests a
revised structure proposal

GEEPd10x hexane MS

2015-03-24 GEEP-003 (0.026) Is (1.00,1.00) C12HINO3C|
426.868 3.18e12

100+
Isotope model
T 425 866
1 424 871
2] ™
| 430.863
I
432860
rd
0 | Py A AR | EAARE R | AR B R T MYZ

T T T RN
250 300 350 400 450
2015-03-24_GEEP-003 064 (8.283) Cm (962:066-{943:960+
262.880 W oWx24  1.98e5
100~
_ 426.896

425.589

[260.884|264 577
. \/ 2

. ]

= 361924 424.900(430.891

-

359.926(363.919

555'8?5 411.88§ 432 889

J -

310.238
D LU IIIIIII!IIIIIIIII ‘IIIII m.l‘lz

250 300 = 350 = 400 = 450




Summary

Current technology allows simultaneous target and non-target analysis

* Atmospheric pressure ionization can be coupled to almost any inlet type (LC, GC,
GC X GC) so that a wide range of target and non-target chemical compounds can
be separated and analyzed.

* Hybrid mass analyzers: both high resolution (elemental composition information,
mass defect filtering) and tandem MS (structure diagnostic fragmentation)

* Chromatography is still very important : isomers that can exhibit very different
toxicities and need to be separated.

There are still many challenges for non-target analysis

* How can we efficiently extract and identify every compound in a sample? Data
sets, especially when using GCxGC, are enormous!

* Libraries (NIST, ChemSpider) are helpful, but not all environmental contaminants
have library entries (e.g. impurities and degradation products) and there are
many inaccuracies.

* We need new software tools that can screen huge data sets, automatically
interpret mass spectra and predict structures and toxicities.

N
> > i
Eﬁ“ Ontario



Co-Authors/Collaborators/Contributors

Eric Reiner, Karl Jobst, Paul Helm, Li Shen Py
Miren Pena, Xavier Ortiz, Alina Muscalu p.‘?o . ?
Liad Haimovici, Adrienne Boden, ' ntario s

Vince Taguchi, Ralph Ruffolo

Anne Myers, Marie Meyer

McMaster

Brian McCarry, Sujan Fernando University &g ;
@

Jack Cochran QE:)EE(

Nicole Riddell, Bob McCrindle, Brock Chittim WELLINGTON

Rob Letcher, Chris Marvin, Ed Sverko I *I Environment  Environnsmant

Canada Canada
Frank Dorman, Kari Organtini PENNE@LTE«
Ubukata Masaaki, Chip Cody, Steven Reichenbach w JEOL
Woaters

Adam Ladak, Douglas Stevens, Rhys Jones

THE SCIENCE OF WHAT'S POSSIBLE.”

CONSEJO SUPERIOR DE INVESTIGACIONES CIENTIFICAS

Lourdes Ramos, Juan Escobar

80 ﬁr Ontario



Thank you for your attention!

www.IMSC2016.c‘_a
Toronto, Ontario, GeM@ada
Au n g S =

R

8th MDC Workshop .
Toronto, Ontario, Canada _
January 5 & 6, 2017, www.multidimensionalchromatography.com/




