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Who Am |?

* Kjell Hope
e Analytical Chemist — Pacific Rim
Laboratories

e MSc. Chemistry Orebro
University, Sweden

* Previous work:

 PCBs in foodstuffs

* PFASs in ocean water (Second
International Indian Ocean
Exhibition I1)
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Pacific Rim Laboratories Inc.

* Based in Surrey, British Columbia, |
Canada A

* 16 employees Canadian Association for
e SO 17025 CALA accredited Laboratory Accreditation Inc.

* Work with governments, regulatory
agencies and corporations the require
environmental tests down to ppqg
levels

* Global client base

e www.pacificrimlabs.com
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Pacific Rim Laboratories Inc.

* Dioxins and furans (EPA 1613B)
* Polychlorinated biphenyls (PCBs EPA 1668C)

* Brominated flame retardants (PBDEs EPA
1614)

* Polycyclic aromatic hydrocarbons (PAHSs)
* Alkyl PAHs

* Organochlorine pesticides

* Tributyltin (TBTs)

* Nonylphenols

* Poly and perfluorinated alkyl substances
(PFASs EPA 537.1)
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Our Mission Statement

* To be the most diversified (niche)
HRMS lab in North America
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Pacific Rim Laboratories Inc.
Scientific Research and Experimental Development

* We thrive on innovation
* PBDE method in 2005
* 209 congener PCBs in 2005
* Sub-ppb PAH analysis food in 2006
* First DFS HRMS in 2008

e Published 2009 congener PCB by SGE HT8
column (2009)

* Improved clean-up methods for
dioxins/PCB (2014)

* Single run PAH and alkylated PAH on
TSQ8000Evo (2015)

* Project Campania Transparente (2016)
* PBDE, OCP, and marker PCBs in single run
* PFASs in solids by ASE
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ThermoFisher Scientific Instruments

* 3 DFS with dual GC (high resolution mass spectrometer)
* 2 TSQ 8000/9000 (GC-MS/MS)
e 1 TSQ Quantis (LC-MS/MS)
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What are POPs?

* Persistent organic pollutants

e Remain intact in the
environment for long periods of
time

e Hazardous to human health

e Acute and chronic effects

e Bioaccumulate

* Widely distributed
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What are POPs — Stockholm Convention

e Ratified in 2001, came into force in 2004
* Canada was the first country to ratify the treaty on 23 May 2001

* There are 179 parties to the Convention - does not include USA, Italy
* Industrial By-products - Dioxin, Furans, Hexachlorobenzene (HCB)

 Man made - Pesticides — Aldrin, Dieldrin, Endrin, Chlordane, DDT, Heptachlor,
Mirex, Toxaphene; PCB; HCB

e Added in 2009 - a-HCH, B-HCH, y-HCH (Lindane); PBDE (47, 99, 153, 154,
175/183) Flame retardant; Pentachlorobenzene; Chlordecone (similar to Mirex);
Hexabromobiphenyl (PBB153); PFOS/PFOA; PCP; PCN; Endosulphan

R
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What are Dioxins?

* Group of chemically related compounds
* Polychlorinated dibenzo-p-dioxins
* Polychlorinated dibenzofurans 3 7

e Listed under Annex C of the Stockholm Convention

O

* Unintentional by-product i
* Incomplete burning o
* Bleaching of pulp and paper 4 O
* Herbicides

* Found throughout the world in various matrixes 3 =
* Mostly found in fatty tissue

* Majority of human exposure is through food
* Highly toxic 1 9 8

* Reproductive and developmental problems
* (Carcinogenic

* Only some are toxic

N
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TOX | C I ty Compound WHO 1998 TEF  WHO 2005 TEF*

chlaorinared dibenzo-p-diaxins
2.3 78-TCDD I I
1,2,3,7.8-PeCDD I I

* WHO-TEF (toxic equivalency factor) 123,4,7.8 HxCOD " 0.

1.2.3.6.7 8-HxCDD ol 0.1
11 1 1,2,3.7,8,9-HxCDI . .
expresses the toxicity -of compounds in 2378 e0n o o
terms of the most toxic congener 2378- oo 0.0001 0.0003
chiorinared dibenzofurans
TCDD 2.3,7.8-TCDF ! 0.1 0.1
. o 1,2,3.7,8-PeCDF 0.05 0.03
* The combined toxicity can be expressed 23478 PeCOF 03 03
i i 123,6.7,8-HxCDE | |
as a TEQ (toxic equivalency) ) )
23467 8-HxCDF . .
2 P8 WHO‘TEQ/kg bW/Week Ixi.sj.n.;z-:-lltptaj[;nli ::.l]il :z.qul
1,234 7 8.9-HpCDF .01 0.01
(European Food Safety Authority) OCDF ’ 0.0001 0.0003
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Why Dioxins?

These compounds have been banned,
why do we look for them?

* Unintentional production
* Long half lives
* Bioaccumulation

Ultimately there are still enough out
there for concern

Smaller and smaller concentrations

Equipment must improve to
consistently detect lower and lower
levels
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/ebron™ ZB-Dioxin GC Column

Hello! Hallo! Pérshéndetjel sszo!l Salam! Kaixo! i
ravo! Hola! Moni! Bok

Column dimensions:
zgtEcet] J58F | 3ppasente!
Ahoj! Hej! Saluton! Tere! Heil Bonjour! Ola! leia Zou!

* 60 M x 0.25 mm ID x 0.20 pm
2HASHM KR! Nyob zoo! Helo!l Nnoo! Ciaol Helo!
ZATB ! Witajl Nyob zoo! Hej!
Dia duit! Ciao! Sawubonal

film thickness
Canemerciz §
gat! Habari HELLO!

Pele Ol Ah

Teré! Hejl
3pphiscTay I'm Zebron.
Xin'chao! Nice to meet you!
2t stA| 2!

Pérshéndetje!

FeU0900°"! HallN
Conemerciz be! Sannu
Witaj! Buna Ziua! 3aps
Helo! hy7x! Zdravo! Holz
Hej! Saluton! juyle! QHASE

€la Xou! Sannu! wYin!
ello! Hallo! Pérshén
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New opportunity

* Phenomenex looking to try out a new column
* Always looking to innovate our procedures

e How will we test it?

* What are we looking for in a GC column?
* Reproducibility from column Ato B
* Ruggedness
* Sensitivity
* Separation
* Run time
* Stability (low column bleed)

e Can it improve on the one we currently have in use?
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Testing procedure

First we would like to determine the
elution order

* Let us know if there are any
important coelutions

* Stronger focus on 17 dioxins/furans
with highest toxicity

Testing on different sample matrixes

Testing on different instruments

Pat Pond - “Lets try to break it”
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Instruments and samples

* Decided to look at both HRMS and MS/MS
* Both instruments are used for different types of samples
« HRMS REQUIRED for environmental samples

* MS/MS can be used for screening in food/feed analysis according to EU
guidelines

* Two sample matrices used

e Ash
* Fish oil

* Pat - “Lets try to break it”

Q
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Oven parameters

HRMS
Rate (°C/min) °C Hold time
0 80 3
40 235 0
1 260 0
5 275 0
20 338 10

Run time approx. 50 minutes

TOO LONG

MS/MS

Rate (°C/min) °C Hold time
0 90 1

40 235 0

2 240 0

0.5 246 0

6 260 0

25 330 8

Run time approx. 33 minutes
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Retention times: Tetra

MS/MS HRMS

MS/MS HRMS

1,2,3,4 TETRA DIOXIN 21.82 1,2,3,4 TETRA DIOXIN 27.38
1,234 [TETRA  |FURAN 20.81] 1,234 [TETRA  |FURAN 25.31]
1,236 [TETRA _[FURAN 2088 1,236 [TETRA _ [FURAN 2553 1,2,3,6 TETRA DIOXIN 21.84 1,2,3,6 TETRA DIOXIN 27.63
1,237 [TETRA __ |FURAN 20.58] 1,237 [TETRA _ |FURAN 25.05]
hoan | Em | o heom | o el 1,2,3,7 TETRA DIOXIN 22.04 1,2,3,7 TETRA DIOXIN 28.16
1239 [TETRA _FURAN INA 1239 ETRA _FURAN 28.58 1,2,3,8 TETRA DIOXIN 22.07 1,2,3,8 TETRA DIOXIN 28.12
1,2,4,6 TETRA FURAN 19.28 1,2,4,6 [TETRA FURAN 27.77|
1247 [TETRA _ [FURAN 19.4) 1247 [TETRA  [FURAN 23.12 1,2,3,9 TETRA DIOXIN  |[NA 1,2,3,9 TETRA DIOXIN 28.25
1,2,4,8 TETRA FURAN 19.62| 1,2,4,8 [TETRA FURAN 23.29|
1,2,4,9 TETRA FURAN 21.54| 1,2,4,9 [TETRA FURAN 26.75) 1121416 TETRA DIOXIN 20'82 1121416 TETRA DIOXIN 25-63
L6l |IEIGA JURAN 2136 L6/ EIGAJURAN 2050 1,2,4,7 TETRA DIOXIN 20.76| 1,2,4,7 TETRA DIOXIN 25.67
1,268 [TETRA  |FURAN 19.89 1,268 [TETRA  |FURAN 23.86|
1,269 [TETRA _|[FURAN 22.3) 1,2,69 [TETRA _|[FURAN 28.27 1,2,4,8 TETRA DIOXIN NA 1,2,4,8 TETRA DIOXIN NA
1,278 |TETRA  |FURAN 21.16) 1,278 [TETRA  |FURAN 26.05]
1279 [TETRA__|FURAN 2177 1279 [TETRA__ |FURAN 27.11 1,2,4,9 TETRA DIOXIN 20.80 1,2,4,9 TETRA DIOXIN 25.74
1,289 [TETRA  |[FURAN  |NA 1,289 [TETRA  |FURAN 34.24|
1,346 [TETRA  |FURAN 19.21 1346 [TETRA  |FURAN 22.63] 1,2,6,7 TETRA DIOXIN 22.57 1,2,6,7 TETRA DIOXIN NA
L2343 7RRR TETR AW O RAN 19.35 5305 7RR TETR AW EORAN 22.99 1,2,6,8 TETRA DIOXIN 21.15 1,2,6,8 TETRA DIOXIN 26.30
1,3,4,8 TETRA FURAN 19.56| 1,3,4,8 [TETRA FURAN 23.11
13,49 [TETRA _ [FURAN 21.24 1349 [TETRA _ [FURAN _ [NA 1,2,6,9 TETRA DIOXIN 21.74 1,2,6,9 TETRA DIOXIN 27.40
1,367 [TETRA  |FURAN 19.66| 1367 [TETRA  |FURAN 25.53]
hoen e Impa T hoea Jnmm  Jmmen 1,2,7,8 TETRA DIOXIN 22.52 1,2,7,8 TETRA DIOXIN 29.03
1369 |TETRA FURAN 2038 1369 [TETRA FURAN 2478 1,2,7,9 TETRA DIOXIN 21.46 1,2,7,9 TETRA DIOXIN 27.04
1,378 [TETRA  |FURAN 19.37, 1,378 [TETRA  |FURAN 22.87|
13,79 [TETRA  [FURAN 19.72 1379 [TETRA__[FURAN 23.57 1,2,8,9 TETRA DIOXIN 22.93 1,2,8,9 TETRA DIOXIN 29.79
1,467 [TETRA  |FURAN 19.93 1467 [TETRA  |FURAN 23.95]
1468 [TETRA  |FURAN  |NA 1,468 [TETRA _ |FURAN 31.32) 1,3,6,8 TETRA DIOXIN 19.36 1,3,6,8 TETRA DIOXIN 23.29
1469 [TETRA _ |FURAN _|NA 1469 [TETRA  [FURAN 25.32
fon T i o T T 1,3,6,9 TETRA DIOXIN 19.96) 1,3,6,9 TETRA DIOXIN 24.25
1678 [TETRA__[FURAN _INA 1678 ITETRA _[FURAN 2512 1,3,7,8 TETRA DIOXIN 21.00 1,3,7,8 TETRA DIOXIN 26.27
2,3,4,6 TETRA FURAN NA 2,3,4,6 [TETRA FURAN 26.85)
2,3,4,7 TETRA FURAN NA 2,3,4,7 [TETRA FURAN 27.25) 1,3,7,9 TETRA DIOX'N 19.67 1,3,7,9 TETRA DIOXIN 23.88
2348 [TETRA  [FURAN  [NA 2348 [TETRA _|FURAN 27.32
e T B35 s Jrum e 1,4,6,9 TETRA DIOXIN 20.61 1,4,6,9 TETRA DIOXIN 25.30
zzj: Igz: :ii: nA — i:jz Igii ;Lﬁi: i?ji 1,4,7,8 TETRA DIOXIN 21.30 1,4,7,8 TETRA DIOXIN 26.74
2,467 [TETRA __[FURAN zo.q 24,67 [TETRA __ [FURAN 25.14] 2,3,7,8 TETRA DIOXIN 22.20 2,3,7,8 TETRA DIOXIN 28.77,
2468 [TETRA  |FURAN 18.94 2468 [TETRA _|FURAN 22.42
3,467 [TETRA  |FURAN 22.07] 3467 [TETRA _ |FURAN 27.92
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Column Performance STD

22020 files\QETQAST1217200MQ5T121720_02 1711212020 11:15:35 AM

RT:17.32-1915

11047 41305 ML 4.92E5
10— 18.52 18 69 miz=
] 256.4000-257 4000 F:
] +cEl SRM ms2
80 cxm 319.900@cid16.00
1 R [256.805-256.905] MS
60 ; 10087 QST121720_02
] 18,04 10771 10819
40 183g 1341
20; 8515 8905 9019 9547 9505 9811 10339 10447 11623 11743 11815 11947 12043 12235
1734 1747 1751 1777 1780 17 94 1817 1822 1881 1887 1890 1897 1902  19.11
0 11361 NL: 1.82E5
10041 18.68 =
oo 18.02 267.4000-268 4000 F:
] +cEl SRM ms2
g 80y 331.900@cid15.00
8 [267.895-267.905] MS
£ 60 QST121720_02
2
2 ]
2 0] 1234-TCDD 2378-TCDD
R
= ]
= 207 gagy 3637 9045 9201 9357 9537 10209 10329 10413 10593 10725 11013 11565 11673 11877 12045 12225
J17.33 1738 17.52 17.60 17.68 1777 1810 1816 1821 4820 1836 18.50 18.78 1g.83 18.93 19.02 19.11
o 10191 NL: 1.47E6
18.00 m
1007 240.4000-241.4000 F:
] +cElSRM ms2
80 11811 303.900@cid23.00
1 11342 18.90 [240 895-240 305] MS
60 18.67 QST121720_02
40
7 8551  g7er saot o027 o171 9291 9450 9518 10407 10515 10623 10731 10827 11031 12003 12171
11735 1742 1747 1752 1750 1765 1773 1776 18.20 1826 18.31 18.36 18.41 18.51 19.00 1908
0 10157 ML 392E5
18.08 miz=
1007 251.4000-252.4000 F:
] +cEl SRM ms2
80 315.900@cid25.00
1 [251 895-251 905] MS
60 QST121720_02
3 2378-TCDF
40
20; 8513 8623 9137 9245 9353 9617 9345 10481 10613 10885 10877 10937 11153 11273 11333 11465 11561 11705 11789 11993
417.34 1737 17.57 17.62 1768 17.81 17.92 1824 1830 1834 1344 1847 1857 1863 1866 1873 1878 1885 13.89 18.99
e L B o e o o o o e o e e e e L e e e e e o e e B B LS NS A S e e e s s e e s e s e e s e o e e o B LA I B o e s e o oy
17.4 175 17.6 177 17.8 17.9 18.0 18.1 18.2 18.3 18.4 185 18.6 187 18.8 18.9 19.0 19.1
Time (min}
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Column Performance STD
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Retention times: Penta

MS/MS HRMS MS/MS HRMS
1,2,34,6 |PENTA |FURAN 24.42) 1,2,34,6 |PENTA |FURAN 33.43 1,2,3,4,6 PENTA DIOXIN 25.23 1,2,3,4,6 PENTA DIOXIN 35.55
1,2,34,7 PENTA JFURAN ks 1,2,34,7 PENTA JFURAN 3380 112,3,4,7 PENTA  [DIOXIN 25.18 1,2,3,4,7 PENTA  [DIOXIN 35.59
1,2,3,4,8 |PENTA FURAN 24.57 1,2,3,4,8 |PENTA FURAN 33.86
123,49 PENTA |FURAN 25.67 123,49 PENTA  |FURAN 36.17 1,2,3,6,7 PENTA DIOXIN 25.62 1,2,3,6,7 PENTA DIOXIN 36.34
1,2,3,6,7 [PENTA |FURAN |NA 1,2,3,6,7 [PENTA  |FURAN 34.71 1,2,3,6,8 PENTA DIOXIN NA 1,2,3,6,8 PENTA DIOXIN 36.20
1,2,3,6,8 |PENTA  |FURAN 23.94 1,2,3,6,8 |PENTA  |FURAN 32.55 1,2,3,6,9 PENTA DIOXIN 24.95 1,2,3,6,9 PENTA DIOXIN 35.00
1,2,3,6,9 |PENTA FURAN 25.47 1,2,3,6,9 |PENTA FURAN 35.82 1,2,3,7,8 PENTA DIOXIN NA 1,2,3,7,8 PENTA DIOXIN 36.38
1,2,3,7,8 |PENTA |FURAN 24.75) 1,2,3,7,8 |PENTA  |FURAN 34.28
12379 JPENTA _[FURAN Pl 12379 JPENTA _[FURAN G 1,2,3,7,9 PENTA DIOXIN 24.80 1,2,3,7,9 PENTA DIOXIN 34.77
1,2,3,89 PENTA |FURAN 26.20 1,2,3,89 [PENTA |FURAN 37.14 1,2,3,8,9 PENTA DIOXIN 25.87 1,2,3,8,9 PENTA DIOXIN 36.76)
1,2,4,6,7 [PENTA _|FURAN 23.95 1,2,4,6,7 |PENTA  |FURAN 3245 [1,2,4,6,7 PENTA  |DIOXIN 25.95 1,2,4,6,7 PENTA  |DIOXIN 34.99
1,2,46,8 |PENTA  |FURAN 22.83 1,2,46,8 |PENTA |FURAN 30.09 1,2,4,6,8 PENTA DIOXIN 23.85 1,2,4,6,8 PENTA DIOXIN 32.56)
12469 PENTA JFURAN e 12469 PENTA JFURAN 3359 1,2,4,6,9 PENTA _ |DIOXIN 24.25 1,2,4,6,9  |PENTA  |DIOXIN 33.37
1,2,4,7,8 |PENTA FURAN 23.98 1,2,4,7,8 |PENTA FURAN 32.70
12,479 |PENTA _|FURAN 2431 12,479 |PENTA |FURAN 33.36 1,2,4,7,8 PENTA DIOXIN 24.70 1,2,4,7,8 PENTA DIOXIN 34.60
1,2,4,89 [PENTA |FURAN 25.49 1,2,4,89 [PENTA  |FURAN 35.94 1,2,4,7,9 PENTA DIOXIN 23.90 1,2,4,7,9 PENTA DIOXIN 32.67
1,2,6,7,8 |PENTA _ [FURAN 24.91 1,2,6,7,8 |PENTA _|FURAN 34.74 1,2,4,8,9 PENTA DIOXIN 24.95 1,2,4,8,9 PENTA DIOXIN 35.07
1,2,6,7,9 |PENTA FURAN 25.33 1,2,6,7,9 |PENTA FURAN 25.51
1,3,4,6,7 |PENTA FURAN 23.91 1,3,4,6,7 |[PENTA FURAN 32.34
1,3,4,6,8 |[PENTA FURAN 22.80 1,3,4,6,8 |[PENTA FURAN 29.97
1,3,4,6,9 |[PENTA FURAN 24.28 1,3,4,6,9 |[PENTA FURAN 33.11
1,3,4,7,8 |[PENTA FURAN 23.96 1,3,4,7,8 |[PENTA FURAN 32.57
1,3,4,7,8 [PENTA  |FURAN 24.12) 1,3,4,7,8 [PENTA  |FURAN 32.85
1,3,6,7,8 |[PENTA FURAN NA 1,3,6,7,8 |[PENTA FURAN 32.26
1,4,6,7,8 |[PENTA FURAN 23.99 1,4,6,7,8 |[PENTA FURAN 32.51
2,3,4,67 PENTA |FURAN |NA 2,3,4,6,7 PENTA |FURAN 35.82)
2,3,4,6,8 |[PENTA FURAN 24.39 2,3,4,6,8 |[PENTA FURAN 33.75
2,3,4,7,8 |[PENTA FURAN NA 2,3,4,7,8 |[PENTA FURAN 36.12
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Retention times: Hexa

MS/MS HRMS
1,2,3,4,6,7 |HEXA DIOXIN  |NA 1,2,3,4,6,7 |HEXA DIOXIN 40.15
1,2,3,4,6,8 HEXA DIOXIN 27.29 1,2,3,4,6,8 HEXA DIOXIN 38.99
1,2,3,4,6,9 HEXA DIOXIN 27.65 1,2,3,4,6,9 |HEXA DIOXIN 40.63
1,2,34,7.8 HEXA DIOXIN 28.08] 1,2,34,7.8 HEXA DIOXIN 39.90 |
1,2,3,6,7,8 HEXA DIOXIN 28.20 1,2,3,6,7,8 |HEXA DIOXIN 39.96 |
1,2,3,6,7,9 |HEXA DIOXIN 27.48 1,2,3,6,7,9 |HEXA DIOXIN 39.24
1,2,3,6,8,9 HEXA DIOXIN 27.55 1,2,3,6,8,9 HEXA DIOXIN 39.24
1,2,3,7.8.9 HEXA DIOXIN 28.42 1,2,3,7.8,9 HEXA DIOXIN 40.28 |
1,2,4,6,7,9 HEXA DIOXIN 26.79 1,2,4,6,7,9 HEXA DIOXIN 38.43
1,2,4,6,8,9 HEXA DIOXIN 26.79 1,2,4,6,89 |HEXA DIOXIN 38.44

MS/MS HRMS
1,2,3,4,6,7 |HEXA |FURAN | 27.44 1,2,3,4,6,7|HEXA |FURAN | 38.98
1,2,3,4,6,8 |HEXA |[FURAN |NA 1,2,3,4,6,8|HEXA |FURAN | 37.85
1,2,3,4,6,9 |HEXA |FURAN | 27.87 1,2,3,4,6,9|HEXA |[FURAN | 39.44
1,2,3,4,7,8 |HEXA |FURAN | 27.47 1,2,3,4,7,8|HEXA  |[FURAN | 39.08
1,2,3,4,7,9 |HEXA [FURAN |NA 1,2,3,4,7,9|HEXA |FURAN | 39.31
1,2,3,4,8,9 |HEXA |[FURAN |NA 1,2,3,4,8,9|HEXA |FURAN | 40.62
1,2,3,6,7,8 |[HEXA |FURAN | 27.57 1,2,3,6,7,8|HEXA |FURAN | 39.17
1,2,3,6,7,9 |HEXA |FURAN | 27.94 1,2,3,6,7,9|HEXA |FURAN | 39.57
1,2,3,6,8,9 |HEXA |FURAN | 28.09 1,2,3,6,8,9|HEXA |FURAN | 39.80
1,2,3,7,8,9 |HEXA |FURAN | 28.88 1,2,3,7,8,9|HEXA |FURAN | 40.64
1,2,4,6,7,8 |HEXA [FURAN |NA 1,2,4,6,7,8|HEXA |[FURAN | 38.02
1,2,4,6,7,9 |HEXA |FURAN | 26.93 1,2,4,6,7,9|HEXA |FURAN | 38.42
1,2,4,6,8,9 |HEXA |FURAN | 27.09 1,2,4,6,8,9|HEXA |FURAN | 38.62
1,3,4,6,7,8 |HEXA [FURAN |NA 1,3,4,6,7,8|HEXA |[FURAN | 38.00
1,3,4,6,7,9 |HEXA |[FURAN |NA 1,3,4,6,7,9|HEXA |FURAN | 38.22
2,3,4,6,7,8 [HEXA [FURAN | 28.03 2,3,4,6,7,8HEXA |[FURAN | 39.84
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Retention times: Hepta

MS/MS HRMS MS/MS HRMS
1,2,3,4,6,7,8|HEPTA  |FURAN 2995 1,2,3,4,6,7,8 |HEPTA |FURAN 42.13 1,2,3,4,6,7,8 |HEPTA DIOXIN 30.96 1,2,3,4,6,7,8 |HEPTA DIOXIN 43.34
1,2,3,4,6,79 HEPTA DIOXIN  |NA 1,2,3,4,6,7,9 |HEPTA DIOXIN 42.47
1,2,3,4,6,79|HEPTA |[FURAN 30.27 1,2,3,4,6,7,9 |[HEPTA |[FURAN 42.47
1,2,3,4,6,8,9|HEPTA |[FURAN 30.42 1,2,3,4,6,8,9 [HEPTA |[FURAN 42.66
1,2,3,4,7,8,9HEPTA  |FURAN 31.62 1,2,3,4,7,8,9 [HEPTA |[FURAN 43.99
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LABORATORIES INC



Retention Time Comparison HRMS

2,3,7,8
1,2,3,7,8
2,3,4,7,8
1,2,3,4,7,8
1,2,3,6,7,8
2,3,4,6,7,8
1,2,3,7,8,9
1,2,3,4,6,7,8
1,2,3,4,7,89

2,3,7,8
1,2,3,7,8
1,2,3,4,7,8
1,2,3,6,7,8
1,2,3,7,8,9
1,2,3,4,6,7,8

TETRA
PENTA
PENTA
HEXA
HEXA
HEXA
HEXA
HEPTA
HEPTA

TETRA
PENTA
HEXA
HEXA
HEXA
HEPTA

FURAN
FURAN
FURAN
FURAN
FURAN
FURAN
FURAN
FURAN
FURAN

DIOXIN
DIOXIN
DIOXIN
DIOXIN
DIOXIN
DIOXIN

New (o] [¢]

27.74 27.24
34.28 33.9
36.12 35.79
39.08 38.89
39.17 38.99
39.84 39.64
40.64 40.44
42.13 41.92
43.99 43.77
28.77 28.35
36.38 36.08
39.90 39.72
39.96 39.81
40.28 40.11
43.34 43.13
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Q12020 files\QST\QST030320\25T030320_01 03/03/2020 1.26:29 P
RT: 20.98 - 25.47 L=
22667 = NL: 2.89E7
100 23.15 2356 24943 miz= 310.4000-311.4000 F: + ¢
24.08 El SRM ms2
Hexa — COI umn A 373.900@cid24.00
50 5
22307 22411 23043 24207 24543 25341 25557 25817 26000 g;gffsﬁ;%ﬂ”sl s
] 2290 2297 23.35 2383 2394 2423 2433 2445 2459 -
20668 22756 23514 NL: 1.86E7
100 2315 2321 23.56 24944 miz= 312.4000-313 4000 F. +¢c
2408 El SRM ms2
375.900@cid24.00
50 X '
22388 23128 23878 24208 25318 25534 25842 26066 g;$0839053382b9105] WS
. 22,96 2339 2370 233 2422 2432 2447 2453 -
23575 24213 NL: 2.19E7
100 2358 783 Miz= 326.4000-327 4000 F: +
El SRM ms2
339.800@cid16.00
50 o5 505956905 113
24709 24933 25333 25645 [t Bezzn ol 1
. 2400 2408 2422 2437 7030320
2 23576 24214 NL: 1.23E7
5100 23.58 2383 miz= 328.4000-329 4000 F: + ¢
g EI SRM ms2
E 391.900@cid16.00
50 ¥
B 24566 24950 25286 25550 [328 892 228 9041 e
z 2305 2408 2420 2432 B
QAZ2020 files\QASTWVAST1015200MQST101520_02 16/10/2020 11:08:39 AM
ST
28121 55559 29045 MNL: 2. 35E7
oo 2a82 22507 Ere 20224 S5 000-311 4000 =
s0 25.89 + c El SRM ms2
. . 373 900@cid24.00
e Hexa — ZB-Dioxin BaRinzner e
a0
20 22373 23341 24243 24683 25101 25959 26421 26751 27521 27977 28589 29261 29609 29825 30485 31323 31741 32049 32907 33963 34465 34941 35445
23 26 23.50 2373 2384 2395 2417 2azs 24|37 24.64 2485 2514 2545 2561 2571 26.01 2623 2634 26.41 ZoEE 2690 2702 2711 2721
° 28122 23200 20048 MNL: 1.51E7
100 2492 2s.00 2535 30222 512 4000-313.4000 F
. s e AR
£ 80 375 900@cid24.00
= [312.895-312.905] MS
s GsTin1520 08
§ 40
2 207 5504 23122 24088 24332 25146 25388 25960 26356 26864 27246 27534 27078 2as62 20282 20430 28810 30576 31258 31788 32072 32808 53472 34410 34886 35586
o 2332 2345 2369 2375 2306 2402 2417 2427 2440 2451 2465 2485 2517 2545 2552 2575 2604 2621 2635 2642 26.63 5570 2701 2710 2724
za157 29289 soe2s 1.69ET
100 2540 2546 25.62
i e i000-227 4000 =
+ c El SRM ms2
8o 389 800@cid16.00
o oo M
a0
20 22531 23015 23543 23807 24731 25545 26271 26755 27441 27621 28101 28281 28653 28821 29937 30213 30799 31041 31965 32647 33219 33681 34187 34441 34889
e BN ThE o e I TZ Tiae TR A TR e T 2l 3 O It v e v S it
° 29147 22291 29615 MNL: 9. 74E6
100 S a9 2546 2561 miz=
Sa e t000-220.4000
aeT A
80 291 .900@cid16.00
[328.895-328.905] MS
60 QasT101520_02
a0
20 23017 23611 26097 26383 26867 28103 28271 29891 30203 30559 30823 32781 33133 33441
o 23.42 2357 2420 2427 2439 24.91 24.99 2574 2588 26.04 2610 26.60 26.69 26.77
2?:4 2?:5 2?:3 24"3 24‘2 2&'»4 2&'»5 24'»3 25"3 25‘2 5‘4 25‘5 25‘5 QEID 25‘2 25‘4 25‘5 ZEIE 27IE| 27'2
i

rms2 373.900@cid24.00 [310.895-310.905]
_——
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Overview

* Introduction

* Pacific Rim Labs

* Background dioxins
* Project background
* HRMS

* MS/MS

e Conclusion
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Ruggedness testing: HRMS

* Pooled samples (ash, sail, tissue)
e 10 vials
* Approx. 30 injections

 Mid level calibration standard
(CS3 10-100 ng/mlL)

* DFS

PACIFIC RIM
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Extraction Procedure — Fly Ash

e Soxhlet extraction

e Acid wash

* Further clean up with tandem 15mm CAPE Technology acid
silica/carbon column.

* Concentrated and recovery standard added

o

"<
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Tetra injection 1 vs 27

012020 files\DFDF102720\DF 10272018 281012020 12:56:01 PM
DF TEST 1
RT: 14.57 - 19.57 @
15.30 NL: 1.37E3
100 16.18
E 16.52 820.3985 MS
50 #1 16.74 CF10272018
] 1504 1804 16.92
u: 1475 1495 1546 1563 e 16.14  16.31 3 17.12 17.22 17.58  17.83 17.93 18.03 18.28
00— 16.49
50
> _
] — 16,92 4
pl 1470 1480 1500 1518 1525 1543 1561 1573 1583 1604 1611 1631 16.64 17.07  17.27 17.53  17.70 17.88 18.31
1519
100
507 16.52 16.77 16.95
] 1483 1497 1541 1559 1560 1ot 1604 4p g, 1635 1715 1735 4748 1766 1783 1799 18.09

=}

16.52

-
=}
=}

16.93

1471 1491 4508 1529 1549 1569 1584 1594 16.22 18.37 1713 17,25 1743

o

1761 4773

18.04 18.16

18,39 1549

ML: 8.82E2

miz

221.42688-

337 4388 MS
DF10272028_2010
29162211

Relative Abundance
o
=

16.57

-

=

=}
|

#1

14.83 14.93

15731882 1500 4p 49 by

o
=1
Ll

1513
15.28 1541 4555 1715 1735 1745 4768 1

o

7.75 17.88

18.28

16.54

<« 2378-TCDF

1470 1483 1510 15.28 1541 1551 1571 1539 16.06  16.29 1864 4572 4710 1747 17.42 1750

-

=

=
|

o
=
|

17.83 18.00 18.11

18.31

ML: 2.82E3
miz=
315.5000-
2318.5000 MS
DF10272018

=
=
S o

#27 16.57

1471 14.96

1577 1587

15.16 16.09

o
=
Ll

1534 1544 4555 5
= % 16.98 17.08 1728 17.53

o

17.81 18.01 1809 1819 18.29

16.57

-

=

=
|

o
=}

15.21

1468 1475  15.03 15.49 1556 1582 1297

1675 1585 1708 1725 4735 1753 1771 4781 1804 454

18.41 1851

o

T T
146 148 15.0 15.2 15.4 15.6 15.8 16.0 16.2 16.4 16.6 16.8 17.0 17.2 174 17.6
Time (min}
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Penta 1 vs 27

DF10272038_201029162211 291012020 42211 P
DFTEST 10

RT:12.80-2583
100 18.64 1960

19.97 )
] 25 .54
50 #1 MS DF10272018
] 2063 21.22

] 18.85 19.15 2025 2076 /4 2135 2153 22.37 22.98

1}
2122 L
100 1.71E3

= 12378-PeCDD T,

E 19.08 19.26 1972 2010 2043 2063 21.02 2140 2196 2232 2262 2283
186

g
100 18.73
] #27 I 19.69 19.97
50
7 20.64 21.25
] 19.01 18.11 20.26 21.81 9209 2288 2283 2301

2122 L.

8.19E2
miz=
367.50-268.50
MS
19.72 2291 DF10272038_201
1865 (57¢ 1001 A 1985 20681 20.82 2158 9171 2237 2255 029182211

18.75

e
=
?o

o

Relative Abundance
o
=}
gl

4
2
T

#1 17.42

1495 1520 1563 1583 1634 16.60 16.87 17.55

o
=}
1l

2178 2232 ppaq 2208
19.77 2096 e

-
=
?o

o
=}
gl

23478-PeCDF /\ 12378-PecDF SEeS

18.95 19.15 19.46 -0 2012 2074 2109 2155 2186 22.19 22.75

1875

|

o

.
=}
=)

#27

o
=
|

17 46

2133 2148 2201 2234 22,95

4 1476 15.06 1549 16.09 1652 16.70 17.18 /\ 17.76 18.26

1977

] 2110 5435 2199 2242 23.01

e T e e e e e e Mo et SNt e LMt et SRS

140 145 15.0 155 16.0 16.5 17.0 175 180 185 19.0 195 200 205 210 215 220 225 230 235 240 245 250 255
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Hexa 1 vs 27

Q12020 files\DRDF1027200DF 10272018
DF TEST 1

28M0/2020 12:56:01 PM

RT: 2145 -28 64

o

2470 ML
100 123E4
] m
1 389.50-390.50
50 #1 MS DF10272018
1 25.10 509 2010 2632
0 J 2337 2380 2383 3391 2404 2526 2556 s 26.43 26,63 26.99
100 2820 [’“_:lTE
] 123478-HxCDD v
E «— _ 401.50-402.50
e 123678-HxCDD N 123789-HxCDD
] 25.97 26.07
GZ 2317 2352 2373 2388 2401 2424 2454 2482 2495 2533 2546 2571 2640 2555  26.94
1002 2472
S #27
] 2513 2610 2633
] 23.25 23.37 2381 2406 2421 24.44 24.83 2526 2558 26.00, 26.43 2671 26.94
g 0 2630 ML
= 1005 1.12E4
E
E ] -402.50
50
=
- 2597 28,10 DF10272028_201
7 2315 2337 2365 2393 2414 2434 2462 2490 2518 2528 2556 25567 2643 9553 27.01 0281e2211
=
o

2589

100+ 2668
50

] 2317 2324

] 2358 2388 24 2678 26.86
mg’ 28,66 [_:stsz

123478-HxCDF A - 234678-HxCDF =

u - 383.50-384.50
50_: 123678_HXCDF 123789'HXCDF MS DF10272018
o 2319 2332 2345 2270 2391 2429 2449 2482 B3 5543 250 26,02 2617 2650 2076 2599

7589

100+

] #27 2490 25.08

50 2325

b 2337 2360 2381 242 ougp 2472

0 60
‘IDD*_ 2488 25.09 2587

50

1 26.79

3 2325 2337 2358 2373 2401 2414 2447 2462 2518 2528 2550 26.00 2530 27,01

S . e R R R R Y e e ree

215 220 225 230 235 240 245 250 255 26.0 265 270 2775 280 285

Time (min)
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Hepta 1 vs 27

Q2020 files\DADF1027200\DF10272018
DFTEST A1

28/10/2020 12:56:01 PM

RT: 26.28 - 20.62
100

- #

]

2717 27.32 2737

2815

27 69

27.49 27.77 2787 2800 28.32

2845 2052 2860

28.75

28.85 29.00

m;
423.50-424.50
MS DF10272018

100

50

2719 27.27

27.39

2815

1234678-HpCDD

27.69

27 52 2779 27.00 28.27 28.35 2845

28.57

2875

28.87 28.97

425.50-426.50

MS DF10272018

=}
S o
|

#27

@
=1
tiaa i

27.17 27.29

25817

2772

27.54 27.82 27.00 27.97 2830

2845 2555 2862

2882 28,97 29.03

=
==

o

27.44 2752

2817

B2 503

2850 28.57 28.65

2880 2887 29.00

m
425.50-426.50
MS
DF10272038_201
0z9182211

Relative Abundance
o
3
NEER RN

=}
=)
|

] #1

2754

ML

p.85E3

niz=
A17.50-418.50
MS DF10272018

50
] 2774 o785
o 27.14 2719 27.34 2742 2767 27.95 2302 2810 2817 28.32 28 60 2875 2885 28095 2900
2047
100
] 1234789-HpCDF
1234678-HpCDF e P
U: 2714 27.24 27.42 2767 27.82 27.92 23.00 2817 2857 2865 5575 2800 2897
100 #27 7757
50] 2850
1 2077 a7a7
B 27.19 2727 27.44 7.1 28.00 28.05 28.27 28.60 2870 28.85 28.95 29.03
0 7754
100
50
] 27.17 2722 7. 2822 2832
0 e :

LA AN LA LA AR L
276 278 2580 2582 284

Time (min)
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Octa 1vs 27

Q2020 files\DFDF102720\DF10272018 28M0/2020 12:56:01 PM
DF TEST 1

RT: 28.30-3172 Q
ML:
100 2958

457 50-
458.50 MS
DF10272018

2913 2918 29.33 2943

2918 2031 20.38 /\j?\‘l 29.86 29.94 30.09 30.31 30.54 3064 3074 3079 30.92 31.04 3122 31.39 3149 3164
miz i
457 50-
458 50
DF1
#27
201
1
2918 29.30 2041 29.51 273 29.88 29.98 30.08 30.18 30.36 30.54 3064 3076 30.86 31.01 31.16 31.31 31.44 3152 3172

29.61 ML

100 7.49E3
miz=

80 469.50-

) 47050 MS
DF10272038_

40 20102916221
1

20

; 2918 2923 2941 2971 2078 2096 3005 3015 3028 3044 3059 3071 3079 3091 3118 3129 3138 3149 B4

3021 3036 3049 3056 3066 30.94 31.02 31.12 3128 31.39 31.52

47050 MS
DF10272018

100

w
=1

@
=}

(SR
S O

Relative Abundance

o

100 29.74

80
60
40
20

#1 OCDF

2086
2916 20.35 29.53 29099 3011 3021 3031 30.56 30.66 30.87 31.02 3119 3129 31.44 3162

29.76

100
80
60
40
20

3126 3136 444

29.18 2930 2043 29.56 30.61 0. 3.

O =TT e e e ey e e re e e e e e e R e e e e S e e R e g e e SRt e e

T T
284 28.6 288 29.0 29.2 294 298 298 300 0.2 304 306 308 3.0 N2 3.4 318
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RT

Ruggedness testing: HRMS

16.94

16.92

16.90

16.88

16.86

16.84

2378-TCDD 13C

1234567 8 910111213141516171819202122232425262728293031
Injection #

RT

HxCDD 13C

S e AV 2 W Vo=

1234567 8 910111213141516171819202122232425262728293031
Injection #

o

"<
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Ruggedness testing: HRMS

2378-TCDD 13C

100000

90000 A
80000
70000
60000

50000

Area

40000

30000 K—\/
20000

10000

0
12 3 45 6 7 8 9 10111213 141516 17 18 19 20 21 22 23 24 25 26 27

Injection #
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Ruggedness testing: HRMS

2378-TCDD 13C 2378-TCDD 13C
100000 100000
90000 90000
80000 80000
70000 70000
60000 60000
© ©
L 50000 L 50000
< <
40000 40000
30000 30000
20000 20000
10000 10000
0 0
1 2 3 45 6 7 8 9 101112 13141516 17 18 19 20 21 22 23 24 25 26 27 1 3 4 5 6 7 8 9 10 11 13 14 15 16 17 18 19 20 21 23 24 2
Injection # Injection #
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Overview

* Introduction

* Pacific Rim Labs

e Background dioxins
* Project background
* HRMS

* MS/MS

e Conclusion
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Extraction Procedure — Fish Qil

» 5 g of fish oil diluted with hexane

* Eluted through 25mm CAPE
Technology acid silica column

e Acid wash

e Further clean up with tandem
15mm CAPE Technology acid
silica/carbon column.

e Concentrated and recovery
standard added

PACIFIC RIM
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Ruggedness testing: MS/MS

* Pooled samples (fish oil)
e 10 vials
* Approx. 100 injections

 Mid level calibration standard
(CS3 10-100 ng/mlL)

* TSQ 9000
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Tetra sample 1 vs 47

Q2020 files\QSTVAST1015200MAST101520_47 1702020 7:29:44 P

RT. 14.09-22.21

9935 NL: 1.51E4
100 19.22 miz= 256.4000-257.4000 F: + ¢
4465 EI SRM ms2
16.56 319.900@cid16.00
50 H1 1450133 10525 [256.895-256.905] MS
p 1953 QST101520_03
0 B670 NL: 5.14E5
100 18.53 miz= 257 4000-268.4000 F: + ¢
- El SRM ms2
50 1234-TCDD 1920 2378-TCDD or 9n ey noe s
1636 3448 4048 5414 5918 7308 2838 10908 13248 14608 16728 17368 eT101520. 03
0 15.15 16.02  16.35 17.34 17.55 17.82 18.62 19.64 20.29 2068 2125 2143 -
G745 NL: 1.01E3
100 19.12 miz= 256.4000-257.4000 F: + ¢
El SR ms2
#47 219.900@cid16.00
50 [256.895-256.905] MS
QST101520_47
L 8528 NL: 3.78E4
& 100 -t miz= 267 4000-268 4000 . + ¢
s 8468 as78 9608 El SRM ms2
E 1841 T 19.09 331.900@cid17.00
% 418 964 1564 2112 2538 6245 6933 7738 8028 - 10588 11588 11048 14848 16508 1267.895-267.905] M8
= 1467 1488 1516 1534 1551 1727 1756 1800 18.17 1955 19.82 1992 20.73 2119 [QST101520_47
=0 8811 NL: 1.63E4
= 18.60 miz= 240.4000-241.4000 F: + ¢
100 #1 El SRM ms2
- 2021 )
1530 2119 5981 10781 17341
;’\_ﬁ“ 18.69 19.60 21.42
0 8703 NL: 2.85E5
100 18.59 miz= 251.4000-252.4000 F: + ¢
EI SRM ms2
% 2378-TCDF 315.900@¢cid25.00
889 1323 2247 3823 6745 7453 8593 8933 10353 11863 13183 14563 15063 16583 (251 Bec 251 0% WS
0 1485 1503 15.30 16,23 17.47 17.85 1848 | \18.67 19.46 19.90 20,27 20,65 2104 2121 -
3661 NL: 1.73E3
o 18,52 /2= 240.4000-241.4000 F + ¢
El SRM ms2
#47 302.900@cid23.00
50 [240.895-240.905] MS
QST101520_47
0 5643 NL: 2.1
18.51 m
100 B573 El SRM ms2
18.47
14923
50 441 1057 2037 4273 5961 7113 7663 7973 8743 g303 11883 13743 5575 16523 17303
1468 14.92 15,31 16.48 17.16 17.66  17.96 18.13 1856 1g 87 19.91 2042 m 2120 21.41
T —1—— T T e e B i L e e
145 150 155 160 165 170 175 180 185 190 195 200 205 210 215 220

Time (min)
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Penta sample 1 vs 47

Q2020 files\QSTVAST1015200MAST101520_47

1702020 7:29:44 PN

RT: 21.44-2454 @
23138 ML 4 53E4
100 2345 miz= 282.4000-293.4000 F + ¢
EI SRM ms2
. #1 355.900@cid17.00
3566 29754 J— [292.895-292.905] MS
. 256 2361 o QST101520_03
23132 NL: 7.10E5
100 2345 riz= 303.4000-304.4000 F: + ¢
EI SRM ms2
12378-PeCDD 367.900@cid15.00
50 = '
17708 18926 20115 21250 22758 23352 24276 25200 gg?f&%g?éﬂﬁ] s
2154 22,02 22,49 2294 23,36 23,51 23.74 23.97 s
23006 NL: 2.98E3
0 23,42 292.4000-293 4000 F: + ¢
EI SRM ms2
#47 355.900@cid17.00
50 [292.895-292.905] MS
QST101520_47
. 0 22956 L 4.65E4
100 23.40 miz= 302.4000-304.4000 F: + ¢
3 El SRM ms2
5 367.900@cid15.00
% 18114 18632 18842 19178 20118 20760 21180 21636 22780 23726 23314 25852 26762 1303.895 303.905] MS
= 2170 2190 2199 2212 22.49 2275 22,91 23.07 2336 23.60 2352 24.06 24.37 (ST101520_47
g’ 22671 NL: 6.38E4
100 20369 2333 Miz= 275.4000-277.4000 F: + ¢
#1 25 23478-PeCDF EI SR ms2
g g
50 12378-PecDF
17751 18213 19515 20873 21167 21405 22253 23375 23740 24123 24387 25201 25071 26257 26895
. 2155 2174 2225 2279 2291 2300 2323 2351 2361 2370 2377 2397 2417 24.24 24.40 asTio
22624 NL: 9.89E5
100 20338 2332 Miz= 287 4000-288 4000 F- + ¢
2258 El SRM ms2
. 351.900@cid24.00
17492 17916 18112 18546 18700 18910 19232 19512 19666 19946 20478 20828 20996 21590 21832 22228 22054 23504 23834 24318 24802 25132 25462 26144 26452 26738 (287 Bec 287 9081 WS
2146 2162 2170 2187 2193 2201 2214 22025 2231 2242 2264 2278 2284 2308 2312 2322 2340 2354 2363 2375 2387 2395 2404 2421 2429 2436 -
- 25495 NL: 4.72E3
23.29 276.4000-277.4000 F: + ¢
100 HA7 2254 et
339.900@cid23.00
50 [276.895-276.905] MS
QST101520_47
0 oo 25448
2328 .
100 22,53
=0 17958 20888 20800 21122 p1313 21788 2530 23880 23766 24076 24804 25020 28100 26782 27002
21 64 2272 2276 2289 9297 2311 2334 2359 2361 2369 2382 2398 2420 2437 2443
0 R A A o R naa e L B e O EhRands L sans et s T B L e e e R R maa o e o e A Maaanias b L
218 22.0 222 224 226 228 23.0 232 234 236 238 240 242 244
Time {min)

PACIFIC RIM
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Hexa sample 1 vs 47

Q2020 files\QETWQSTI1015200Q8T101520_47

A7M0/2020 7:29:44 PM

RT. 2410-27.07

NL: 4.68E4

miz= 328 4000-329 4000 F
EI SRM ms2
391.900@cid17.00
[328.895-328.905] MS
QST101520_03

NL: 1.13E6
miz=339.4000-340.4000 F
El SRM ms2
403.900@cid16.00
[339.895-339.905] MS
QST101520_03

NL: 1.17E4

miz= 328.4000-329.4000 F
El SRM ms2
391.900@cid17.00
[328.895-328 905] MS
Q3T101520_47

NL: 1.73E5

miz= 339 4000-340 4000 F
El SRM ms2
403.900@cid16.00
[339.895-339.905] MS
QST101520_47

NL: 8.92E4

12.4000-313.4000 F

miZ:

El SRM ms2

2
QsT10
NL: 7.12E5

miz=323.4000-324.4000 F
El SRM ms2
387.900@cid25.00

34076 34636 [323.895-323.905] M3

29232
29376 29736
100~ #1 2543 gy 25,67
50925700 26562 26890 27360 33486 33706 34212
REEE: 2432 2440 2457 2678 2683 2696
29728
25 66
e 123478-HxCDD
Seay e 123789-HxCDD
50 2542 2550 -RX
25980 27036 123678-HxCB@» = 29896 30052 30495 33566 34072 34464
o247 24.44 2532 2574 2581 26.02 2680 2602 27.02
29104 20314
2541 2547
100+ 41
k| #47 29746
1 25 67
50 26230 2295?5994 31076 31472
1 2423 = 2617 2627
G’ gy
: G
§1nn—_ ;
ERE 29174 29330
3 s5ag 2547
° 26420 Ia 29930 30182 32586 33006
£ .1 24.28 2575 2587 26 55 26,88
T ¢ —
: 22?11955 2aa20 29166 30342
_ 25.01
1003 #1 25.40 25.95
50
1 26026 26422 26840 27318 27570 27630 30620 34550
gl 2418 2428 24,39 2455 2486 o459 26.05 27.04
28148 28316 2o1as
2493 2501 30320
100 123478-HxCDF > 39 234678-HXCDF :ca.
50: 26248 26556 26908 2?;;39558{?|ﬁ-!g(cg&gu4 28496 28640 29012 29281'%9?2?8955%(;{91E 30842 31194 31722 31942 32360 32822 33086 33504
2424 2432 2440 2450 2463 2470 24.86 2509 2516 2533 25.45 2557 2573 2581 2611 2620 2633 26.30 2649 2651 2668 2673 2§.93 27.05
o= 28108
24.91
100 28264
E #47 A ey 29k 2501 30364
26114 p334 27520 2537 2539 20488 " 2605 33644
1 2420 5405 24.64 2555 /\T 2681
0 A A
28008
24,90
1003 28254
] PP 30270
w0 4. 29118 25 01
1 26006 26534 25886 27378 27510 27930 28566 28782 28908 25.38 29454 20574 20802 30090 30510 31006 31226 32084 32788 33162 33470 34152
1 2418 2431 2440 2457 2463 2483 2512 2522 2532 2553 2559 25R9 2583 2602 2615 2620 26.42 2660 26.60 2677 26.94
L o R A s N B s L o A LR R e b o LA L e s e L e s L e i L e L e L B A AR i nais Lanis e sy L
242 244 246 248 25.0 252 254 256 2538 26.0 262 26.4 266 26.8 27.0
Time (min)

QST101520_03

L 2.21E4

miz= 312 4000-313.4000 F

El SRM ms2
B75.900@cid24.00
[312.895-312.905] MS
QsST101520_47

2

+C

+

c

PACIFIC RIM
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Hepta sample 1 vs 47

Q12020 files\QSTWAST1015200AST101520_03

16M0/2020 3:29:00 PM

RT: 2588-2879

MNL: 5 56E4

miz= 362 4000-363 4000 F:

El SRM ms2
425.800@cid15.00
[362.795-362.805] MS
QsST101520_03

ML: 4.02E5

mi/z=373.3000-374.3000 F:

El SRM ms2

437 800@cid15.00
[373.795-373.805] M5
Q3T101520_03

NL: 6.99E3

El SRM ms2
425.800@cid15.00

MNL: 2 94E4

miz= 373.3000-374.3000 F:

El SRM ms2

437 .800@cid15.00
[373.795-373.805] MS
QsST101520_47

ML: 9.16E4

El SRM ms2
@

ML 6.44E5

miz= 357 3000-358 3000 F:

El SRM ms2
421.800@cid23.00
[357.795-357.805] MS
QET101520_03

MNL: 1.15E4

El SRM ms2
409.800@cid24.00

[346.795-346 805] M3

36160
100 27.36
50
1 #1 31910 33758 34480 35096 6608 36978
o 26.38 26.85 2702 2715 2745 2752
36134
00— 27.35
0] 1234678-HpCDD
1 30746 32220 33100 33716 34244 36638 39192 39672 40072
o 26.08 26.46 26.68 2683 2697 2745 28.01 28.17 2831
36282
27.38
100+
E #47 36050
50 33878 37586 40800
3 26.67 2733 2765 28.56
fil= A
: o
5100 p
3
s
= 504
< 293 32758 35948 36704 40178
e 26.59 27.31 27.46 28.35
& 33116 32%,2725
100+ # 1 2668
50
B 33336 34040 4448 34094 38508 39426 40146 40834
e 2674 2692 2792 2744 27.85 28.09 2834 2858
33118
26.68 38172
1004 2778
o ) 1234789-HpCDF
B 14234678 HpCDF 33338 34042 36186 38718
o] 26.21 2674 26.92 27.36 27.90
38336
100 27.81
E 13148 33258
E #47 26 @_25 72
50 34402 34542
] 2701 27.03
o3 s
33106 38286
100 26 68 27.80
507 33302 34052 38036
E 2675 2692 27.94
L B RN A A n s L B AR Lo T m B e L N A s e b L e R aaa s s e R L A A rreer
26.0 26.2 264 266 268 270 272 274 276 278 280 282 284 285
Time (min}

362.4000-363.4000 F:

46.3000-347.3000 F:

346.3000-347.3000 F:

2

+C

+

4

+C

+C

+C

+

C

PACIFIC RIM
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Octa sample 1 vs 47

Q2020 files\QST\QST1015200MAST101520_47 17M0/2020 7:29:44 PM

RT: 27.05-30.81

42811 NL: 5.19E4
29.26 miz= 394.3000-385.3000 F:
100 + cEl SRM ms2
457.750@cid14.00

[394.795-294.805] MS
Q5T101520_03

. #1

=

35521 36025 45995
27.23 27.33 30.37
42765 NL: 2.80E5
2995 miz= 405.2000-408.2000 F:
100 ~ cEl SRM ma2
489 800@cid15.00
[405.795-405.805] MS
OCDD QsT101520_03
50
43037 43437 47181
. 2934 2948 30.78
42837
29.27
@100
2
5
B
5
2 50 #47
@ 37227 43621
E 27.57 29.54
2 I
o 0
42823 NL: 5.58E4
9095 miz= 405.2000-406.3000 F:
100 +cEl SRM ms2
] 469 800@cid15.00
- [405.785-405.805] MS
QsST101520_47
50
] 35253 36541
ol 2717 2743
43433
29.48
1004
50 #1 OCDF
] 36210 36583
4 2737 27.44
o 43491 NL: 9.02E3
29,50 miz= 378.3000-379.3000 F:
100 + cEl SRM ms2
| 441 750@cid23.00
- [378.795-278 805] MS
- QsST101520_47
50 -
] 35641 #47 38031
B 27.25 2775
R N
27.2 274 276 278 28.0 28.2 28.4 286 28.8 29.0 29.2 29.4 29.6 29.8 30.0 30.2 304 30.6 30.8

Time (min}

PACIFIC RIM
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Ruggedness testing: MS/MS

RT

19.22

19.2
19.18
19.16
19.14
19.12

19.1
19.08
19.06
19.04
19.02

7

2378-TCDD 13C

9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39
Injection #

RT

25.5
25.48
25.46
25.44
25.42

25.4
25.38
25.36
25.34

HxCDD 13C

S —— s

N

1 3 5 7

V- WV

9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39
Injection #

PACIFIC RIM
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Area

Ruggedness testing: MS/MS

1000000

900000

800000

700000

600000

500000

400000

300000

200000

100000

2378-TCDD 13C

123456 7 8 91011121314151617 1819 202122 23 24252627 282930313233 343536373839

Injection #

What is going on with the area?

Issue with the samples?
Issue with the column?
Issue with the instrument?

PACIFIC RIM
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Cleaning

lon guide Source

PACIFIC RIM

LABORATORIES INC



Q2020 files\QSTWQAST101520MAST101520_47 17M0/2020 7:29:44 P

RT: 13.86-21.52 @
9279 NL: 4.56E4
. 12,86 miz= 256.4000-267.4000 F: + ¢
3 . 3929 EI SRM ms2
E 16.28
.| After cleaning the source::: 219900@c01000
E 16.06 4129 8179 9430 11329 14109 15109
B 16.39 18.25 18.97 1975 2052  20.80 QsT102020_19
0 8065 NL: 1.74E6
. 18,18 miz= 267.4000-268.4000 F: + ¢
] EI SR ms2
3 9252 331.900@cid17.00
50 598 1160 1734 2196 2962 3462 4062 6488 6852 w282 ssa2 po 9am 14512 15672 16512 [267.895-267.905] M3
E QST102020_19
E 1478 1496 1519 1537 1575 1602 16.3 17,36 17.51 12,30 12,50 18,96 2064 2101 2119 -
0 9745 L 1.01E3
. 19,12 miz= 256.4000-257.4000 F: + ¢
E . EI SRM ms2
E b 415
-] Before cleaning the source e s
E 0ST101520_47
W 0 8528 NL: 3.78E4
. 18.44 miz= 267.4000-268.4000 F: + ¢
§ oo sss | 9698 EI SR ms2
N w41 | 8570 19,09 331.900@cid17.00
< 503 418 964 1864 2112 2538 8245 5938 7738 8028 - 10888 11588 11048 14848 16508 [267.895-207.905] M3
£ 3 1467 1488 1516 1534 1551 1727 1756 1800 18.17 1955 19.82 1992 2073 2119 Q8T101520_47
2 o 3205 NL: 6.53E4
1004 18.268 240.4000-241.4000F: + ¢
] EI SRM ms2
B 0@cid23.00
50 1391 s o o0y
E 15.05 1587 8817 8045 8375 11145 11565 12485 14965 16465 a0 208 ca0 o
E 1513 1749 1817 ) | 1835 1970 1982 2007 20,76 2118 0sT102020_1¢
0 8187 NL: 1.05E6
. 18.25 miz= 251.4000-252.4000 F: + ¢
] EI SR ms2
3 315.900@¢i425.00
50 245 973 1323 2289 3057 3607 3977 4579 5223 5951 6343 6749 7027 7977 8457 11227 12867 14467 15187 16327 [251.895-251.905] M3
E QST102020_19
3 1460 1489 1503 1541 1580 1610 1831 16.61 16.86 1715 17.31 17.47 17.61 1814 18,40 19.72 2018 2062 2082 2114 -
0 3661 NL: 1.73E3
100 18,62 miz= 240.4000-241.4000 F: + ¢
] EI SRM ms2
E 303.900@cid23.00
50 [240 695 240.905] MS
E QST101520_47
0 5643
18.51 e
100 8573 '
] 18.47
509 441 1057 2037 4273 5961 7113 7663 7973 8743 g3p3 11883 13743 12?7253 16623
E 1468 1492 15.31 16.48 17.16 17.66 17.96 18.13 1856 4587 19.91 20.42 m 21.20
ol —— — i e e — ——— 4
140 145 15.0 155 16.0 165 170 175 18.0 185 1.0 195 20.0 205 21.0 215
Time (min}

PACIFIC RIM
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Hexa — Run 90

Q2020 fles\QET\QST1015200MQET101520_90

18/10/2020 10:49:22 PM

RT. 22.97-28.25

28045 28213 ML: 1.84E5
100 2485 2496 22?59351g iz
] - 30145 . 234678-HXxCDF 310.4000-311.4000 F:
7 2585 — +CEl SRM ms2
807 123478-HxCDF W _— 373.900@cid24.00
: A/// [310.895-310.905] WS
60 QST101520_90
1 <+— 123789-HxCDF
40
] _ 32783
3 123678-HxCDF - 37829
20: 22425 22843 23789 25703 36 827001 29089 30313 31441 31837 26.60 33095 34257 34753 35845 37465 2770 38297
o 2327 2338 2362 24.10 24.43 _25.36 2503 2626 2636 2666 2897 27.08 2729 2763 /N 27.80
28058 28970 NL: 1.14E5
24.89 miz=
003 2496 = 30145 312.4000-313 4000 F:
] 25.85 +¢El SRM ms2
g 807 375.900@cid24 00
5 1 [312.895-312.905] MS
£ 60 0ST101520_90
a ]
]
£ 407
R
2 5] 32784 37882
] 23482 25154 26408 28322 20102 30266 31574 31992 2660 35398 27.72
ol 2354 23.96 24.28 2501 2537 25,91 2620 26.40 27.20
o173 29549 NL: 1.21E5
100 o5 45 2658 miz=
] 326.4000-327 4000 F:
BD: +CEl SRM ms2
] 389.800@cid16.00
] 123478-HxCDD —» [226.805-326.905] NS
50 123789-HxCDD QST101520_90
40 12 ~
3678-HxCDD -
1 21815 31819 34785 27.27
1B 26.35 2708 S
2003 29215 NL: 8.25E4
00— o535 2542 miz=
] 29551 328.4000-329.4000 F:
] 25.58 + ¢ El SRM ms2
80 391.900@cid16.00
] [328.895-328.905] MS
60 ©ST101520_90
40
] 35767
207 20981 23841 23773 27095 32745 34021 35319 2728 3g134
] 2341 2358 2351 2445 26,59 2691 2719 2735
e T T T e T T T e e T T T
230 232 234 235 238 240 242 244 245 248 250 252 254 256 258 260 262 264 266 268 270 272 274 276 278 280 282
Time (min}

rRCIFIC RIM

LABORATORIES INC



Linearity — 7 point calibration (0.02-2000 pg)

Compound Name [CS0.04 |CS0.2 [CS1 |CS2 |CS3 [CS4 |CS5 |Average RSD [%]
2378-TCDD 1.01 1.11 1.00 1.08 1.14 1.39 1.000 1.10 12.52
12378-PeCDD 1.07 105 1.04 1.05| 1.09 1.10 1.04  1.06 2.39
123478-HxCDD 1.03 103 1.04 1.05 1.06 1.100 1.02] 1.04 2.53
123678-HxCDD 1.05 1.07 1.07 1.08| 1.05 092 1.03] 1.04 5.21
123789-HxCDD 1.00 1.03 1.07 1.07] 1.09 1.08 099  1.05 3.95
1234678-HpCDD 1.04 101 1.01 1.02| 1.07 096 1.02] 1.02 3.36
0CDD 1.01 097 099 098 099 096 1.02] 0.99 2.23
2378-TCDF 1.02l 102 1.02 1.01 112 1.10 1.02] 1.05 4.26
12378-PeCDF 0.79) 0.83 0.78 0.82 0.88 091 077  0.83 6.32
23478-PeCDF 0.93) 092 092 094 095 096 091 0.93 2.04
123478-HxCDF 0.98) 0.99 098 0.98 1.04 0.96 0.99  0.99 2.49
123678-HxCDF 0.93| 0.98 094/ 096 1.000 0.97 0.94  0.96 2.90
234678-HxXCDF 0.99) 1.00 1.000 1.03 1.03 0.99 1.02 1.01 1.56
123789-HxCDF 0.95| 0.97 096 1.01 1.02| 1.22| 094  1.01 9.36
1234678-HpCDF 1.03 1.04 1.02 1.04 1.06 1.02 1.01 1.03 1.52
1234789-HpCDF 1.00 1.00 0.99 0.99 0.99 1.01 097 0.99 1.02
OCDF 1.41 125 1.28 1.28| 1.29 1.43 147  1.34 6.55 PACIFIC RIM
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Sensitivity??

412020 files\gstigst] 120201gst112020_08 20/11/2020 7:42:34 PN
RT: 14.50 - 21.42 &
17.91 NL: 6.23E3
100 17.93 miz=
] 256.4000-257.4000 F:
80 +cEl SRM ms2
] 319.900@cid16 00
0 [256.895-256.905] MS
1 17.88 | 2 qst112020_08
] | 18.54
20 fg TCDD
20 17.08 18.48
ol
1851 NL: 8.10E6
100
] miz=
] 17.88 267.4000-268.4000 F:
o 80 +cEl SRM ms2
s ] 331.900@cid17.00
2 o] [267.895-267.905] MS
El qst112020_08
=< ]
2 40
5 ]
[} ]
= 2p
c: 14.62 14.78 14,98 15.41 1562 17.12 17.75 18,03 18.18 18.65 12.85 1914 19.24 1351 20.37 21.04 2118
17.94 NL: 3.99E3
100
4 mi
] 240.4000-241.4000 F:
80 +cEl SRM ms2
] 303.900@cid23 00
50 [240.895-240 905] MS
1 20 fg TCDF 1788 qst112020_08
40; 17.83
20
ol
17.92 ML 1.57E7
100
4 miz=
] 251.4000-252 4000 F:
80+ +cEl SRM ms2
] 315.900@cid25.00
0] [251.895-251.905] MS
E qst112020_08
40
20
] I
o] 1476 1497 1513 1533 1550 1583 16.64 16.84 1718 17.43 18.07 18.25 18.48 12.64 18.80 20.34 2086 2112
T T T T T T T T

T T T LAAAMLAM] M LARAALAARA] A ) T T T
15.0 155 16.0 16.5 17.0 175 18.0 185 19.0 19.5 200 205 210 TORIES INC
Time (min)



Overview

* Conclusion

Q
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Conclusion

e Column provides excellent
separation

e Robust
e Efficient
e Flexible

It's about

A.IIIIOSt balance
perfect
1‘i|i|iii
feel it

LAGOM

You can't
translate it

S

Everything can
be Lagom
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Thank you Phenomenex

 Ramkumar Dhandapani
* ramkumard@phenomenex.com

* Richard Jack
* Richardl@phenomenex.com
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