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1957: American Chicken Gate

 Chick Edema Disease, Eastern USA

* Feed contamination

* Oleic acid component

 PCP-treated beef hides

« PCDDs at ppm levelsin PCP... (1962)

Acta Cryst. (1969). B25, 150 .
The Identification and Crystal Structure of a Hydropericardium-Producing
Factor: 1,2,3,7,8,9-Hexachlorodibenzo-p-dioxin

By J.S.CANTRELL,* N.C.WEBB AND A.J. MABIST
The Procter & Gamble Company, Miami Valley Laboratories, Cincinnati, Ohio 45239, U.S.A.

(Received 4 December 1967)

156 IDENTIFICATION OF A HYDROPERICARDIUM-PRODUCING FACTOR

HxCDD structure
elucidated from

crystals isolated from
the HPTF
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i A-3 starting at 2. The x marks are
Fig. 4. Electron density in the (034) plane containing the molecule. Contours are at 1 ¢
e ions onto (044) from the electron density maxima, which in most cases are  short distance from (044).

GC-ECD of a fleshing grease extract

—6-
roxic # > 50 ppb...

FLESHING
GREASE

Prevention of Dioxin Contamination of
Foods and Feeds

—7—

Since commercial chlorophenols are wide-
ly used as termite control and antimicrobial
N . . s n s P, agents, there are numerous opportunities for
0 24 MIN 48 direct and indirect contamination of food and
: food fats. Dioxin contamination of fats and

fatty acids destined for use in foods or feeds

Metcalfe, L. D. Proposed source of chick edema factor. J. Assoc. can be minimized by control of sources of

Offic. Anal. Chem. 55 (1972) 542.. direct contamination with chlorophenols.

These sources include the use of tri- and
pentachlorophenol for hide preservation and
other pretanning operations and in glue emul-
sions for dry rendering of fats. Care must
also be taken in the use of chlorophenols
industrially (as antimicrobials) or on the
farm (as wood preservatives for fences,
barns, etc.).

Firestone, D. Etiology of chick edema disease. Environ.
Health Perspect. 5 (1973) 59.




Determination of Chlorinated

. . . . . An Analytical MetI'IOd fﬂf Detecting The gas chromatograph was a Bendix Mo-
Dibenzo-p-dioxins and Dibenzofurans in

I . del 2200 equipped with a thermal conductiv-
. . TCDD [DIOXIII]. Levels 0' TCDD in ity detector. The column was 5% SE-30 on
Various Materials . 60/80 Chromosorb W, 2 m x 2 mm (id)
. Samples from vmtnam stainless steel. The trap for preparative gas
by WB. Crummett” and RH. Stehl® wx 012 . chromatography was a 150 mm X 1.5 mm
§ 7T by Robert Baughman® and Matthew Meselson® (id) glass tube packed with 30 mm of glass
‘standard
wool.
Witttion F An Associated Electrical Industries MS-9
Table 3. Confirmation Procedures g mass spectrometer and a
I.m-m.... Scae Yy = 1024 time-averaging computer inter-
. outine 3 3| 03
) —— 1. Follows "Cl TCDD through highly specific [\t the MS-9 as described earlier
s 2o cleanup re used.
2. Has expected mass (*2-3 mmu) at m/e 320
. wol and 322 100.
E 3. Has expected ratio of isotopic isomers at A
E sok m/e 320 and 322 0.
H Peok B. Additional * w e
b i) | 1. M*-COCl f peak has d
[ Mo mass and isotopic isomer ratio 40 -coent
2, Percent recovery after partial photolytic de- . W (we2cocnt |
“or composition equals that of *Cl TCDD (7, §) § 20 l...mvlL et ':"'-‘-}"-';',
3. Partition coefficient between dichl h g ol L N
FIGURE 3. Gas 201 hexane and acetonitrile equals that of ™Cl w 100
for the ination of 2,3,7,8 hlorodib TCDD (7). H o
p-dioxin at itivity. Conditi LKB 3 e
9000 GC-MS; column, 3% OV-210 on Chromosorb 0 4 & *Steps 2 and 3 of the additional procedures €
W-H.P.; resolution, ca. 400; sample, 6 ul of Tcoo were carried out on the dichloromethane-hexane ©
standard solutions. eluant from the alumina chromatography prior
FIGURE 3. Linearity of respon| to preparative GLC. »
presence of beef liver residue. The TCDD valuves .l
are the d into individual runs ol L 1 x
FiGuRE 2. Schematic diagram of LKB 9000 gas chromatograph—mass spectrometer. on the MS-9. 150 200 250 00

Crummett, W.B. and Stehl, R.H. Determination of Clorinated Dibenzo-p-dioxins and Dibenzofurans in Various Materials. Environ.

Baughman, R. and Meselson, M. An Analytical Method for Detecting TCDD (dioxin): Levels of TCDD in Samples from Vietnam.
Health Perspect. 5 (1973) 15.

Environ. Health Perspect. 5 (1973) 27.
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trends in analytical chemistry, vol. 21, nos. 9410, 2002

Bartle, K.D. and Myers, P.
History of Gas Chromatography.
TRAC 21(2002) 547.

PFA standard plus TCDD
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3219209
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|
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Tondeur etal., Bio. Med. Environ. Mass Spectrom. (1987) 14, 449.

* Direct Probe v S _
« MS-9 HRMS Uﬂ \fr;;,;% \ Tcw/\ » Better separation

* Resolution 10,000 (10%) | / ” TC[DD‘* """ * Less material to be injected

* Time Averaging R SN i * Need special introduction methods
* Repetitive Scanning T W « Need sensitive detectors




58, 705-713 705

Al e o
High-Resolution Gas Chromatographic/High-Resolution Mass
Spectrometric Analysis of Human Adipose Tissue for °
2,3,7,8-Tetrachlorodibenzo-p-dioxin
°
. Grem. 1987, 69, 2000-2005 °
High-Resolution Gas Chromatograpmc/ngh Resolution Mass
Spectrometric Analysis of Human Serum on a Whole-Weight
and Lipid Basis for 2,3,7,8-Tetrachlorodibenzo-, -p -dioxin
Cuemomptre V25 Not o 5580, 192 s 33004000

705 CALIBRATION CURVE (PG ON COLUMN)

CVs 10-15%
Ppt-ppq LODs
Isotope Dilution
QA/QC basics

LABORATORY QUALITY 0

800 R 13018
unlwd S";wﬁ:‘l.rElWI ?,T.’Z“Z','.'.“..'??Q’S"Zi‘, Agency NEN-EN 162152012
\ ’ EPA z:;:u:u’:;t:namgy Division e :mg::;;’:gm} EN 16215
EUROPAISCHE NORM April 2012

1cs 66,120

Engish Version

Animal feeding stuffs - Determination of dioxins and dioxin-like
PCBs by GC/HRMS and of indicator PCBs by GC/HRMS

Method 1613: Tetra- through
Octa- Chlorinated Dioxins and

Furans by Isotope Dilution
HRGC/HRMS

MEASUREMENTS: U.S. AIR FORCE RAN
VIETNAM VETERAN, NATIONAL INSTT'

CHEMICAL WORKER!

W.E. TURNER, D.G. PATTERSO g

ision of Envi xrvnm:lanlllJllzberryS ! %
C trol, Centers for Disease Control, Building 17

(Received in Germany 1¢

ABSTRACT

An overview of the Centers for Disease Control

assessment procedures for serum dioxin/furan mea:

FIGURE 14. Percent Uncertainty: 70S Calibration Curve

NORME EUROPEENNE EN 1948-1

EUROPAISCHE NORM

NORME EUROPEENNE EN 1948-2

sssss EUROPAISCHE NORM

EUROPEAI

NORME EUROPEENNE

EUROPAISCHE NORM

EUROPEAN STANDARD

ozceN A1

y\,N‘\JJI \,\J/\\/A/ s ‘L /
i VRINGVEU, LE PULET BELGE (

pec ASo pyTER fAR GRAMME S

DE GrRAASSE e

e

Focant and De Pauw, Les Dioxines. La Recherche 323 (1999) 84.

+ Commission Regulation (EC) No 199/2006
+ Commission Regulation (EC) No 1881/2006
+ Commission Regulation (EC) No 1883/2006
+ Commission Regulation (EC)

+ SANCO/11248/2011

+ Commission Recommendation 2011/516/EU
» Commission Regulation (EC) No 252/2012
+ Commission Regulation (EC) No 277/2012
+ Commission Regulation (EC) No 278/2012
» Commission Regulation (EC) No 589/2014

EU Commission Documents

Council Regulation 2001/102/EC

Council Regulation (EC) No 2375/2001
Commission Directive 2002/69/EC
Commission Directive 2002/70/EC
Commission Directive 2006/13/EC
Commission Recommendation 2006/88/EC

No 152/2009




Th e G o I d Std is Th us EEn Chromatogram of ONE single injection:

RT: 10.57 - 11.67 Thermo Scientific ™ DFS™ Magnetic
100+ Sector GC-HRMS
Capllary GC, tR deV. < 025% 3 80—5 2378-TCOD | © World-Wide Method compliance
& 1 Qualifier (ratio) mass trace . (e.g., EPA1613)
E 604 1234-TCDD o BestDioxin installation spec
DF Sector MS ] o Highestavailable sensitivity
s 40 o Robust-by-size with large
§ 20 13797600 1478-TCD volume ion sourcle
El 70eV, >10,000 R J1368-TCDD , 1378‘}333’\
1093
13 0 - 0 ] A
SIM, 3C ID, IRs <20% RSDs, Reco. 40-130% ! cwantifcation mass frace
60 100 fg
] 50 fg
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20 10 f
X 1 2159 WA
f ":T(F N 10‘5 S 10‘.3 S 11‘.0 ‘1 o 11‘2 S 11‘.4 B 11‘.3
== =) ime (min)
I Sector 2 fg (SIM)

From 24 Karats Gold to... Accuracy & Reproducibility

Com Reg (EU) 589/2014 (PBMS) Reported Target Value Accurac
Material 1 pg/g TEQ pg/g TEQ y
. P r fl I n PT PC]-)D/FZ 1.10+0.20 1.01 »8,8"/:0
GC-HRMS & GC-MS/MS as confirmatory... oficiency test (PT) (o | ool | o2 | o
. g%l%e[l)'l/;lsz 0.55+0.11 0.48 15,6%
24 karats GC-sHRMS (low level studies) s | Ve ot B
20 ka ratS GC'MS/MS (fOOd'feed CO ntrOI) 35 . PCDD/PCDF upper bound in material 1 6.5 PCDD/PCDF upper bound in material 2 65.8
P 2:
s DA | g e
Zb.sUUUU fo.s mHHH
-1.5 -0.5 uuuuuul—l
2sf /] el
P e 3 4151 21651278 131110 9 2 e swaw1127428 51109 4

Lab code

Wim Traag, Rikilt, NL

| QQq 50fg (MS/MS) | Z score = 0.80 Z score = 0.59




Other Gold Fineness?

Modified from: Brunnée, Int. J. Mass Spectrom. (1987) 76 (2) 125.

GC-QISTMS/MS

TWSMS Beol OC 4617 44414 51203
3 WHRMS Beef QC 7:02
[ MSMS Milk QC BCR-607 51+09
[HRMS Milk QC BCR-607 36:0.
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Fig. 3. Comparison of PTV-LV-GC-QISTMS/MS and GC-HRMS for the
measurement of PCDD/Fs at the low pictogram level in biological matrices.

Focant et al., J. Chromatogr. A (2005) 1067, 265.

GC-FTICRMS

GC-TQFTICRMS

50-100 k mass resolution

0.5-1.0 ppm mass accuracy

1pg IDLs

Kendrick plot analyses

Transfer line

from GC 2 S
/ ¢ A
y o '
5 N electron -~
® lon source multiplier

Shutter/gate valve

RF ion guide

Hexapole @&
accumulation cell

®)

Figure 1. transéer line and Varian Varian Inc) (b)
Schematicofthe hexapole accumulation cel f on guide, and ICR cel(dlagram courtesy Varian Inc).

APPLICATION NOTE

Dioxin Analysis by Gas Chromatography-
Fourier Transform Ion Cyclotron Resonance

Mass Spectrometry (GC-FTICRMS)

Vince Y. Taguchi,* Robert J. Nieckarz,? Ray E. Clement,® Stefan Krolik,*

and Robert Williams®

GC-FTICRMS
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Figure 3. Use of a Kendrick plot for the identification of un-
known series of polychlorinated compounds. The mass defect,
Mgeseers i plotted as a function of nominal mass, M ominay in @

defined by the mass difference resulting from a
of chlorine for hydrogen.




APGC

APGC as the missing link between LC and GC

Soft ionisation process (molecular ion)
* N, make up gas, less source cleaning

« Exact mass (<5ppm) filtration

Figure 1: Analysis of 2,3,7,8-TCDD by APGC-MS/MS

TCOD TCDD**

TCOD @ I

a1 q2 (RF only) a3

GC column and
Make-Up gaz (N,)

i

Detector

Isolation of Collision Induced Selection of
« Charge transfer vs protonation (water, IPA, ...) e
* Need for dedicated MS libraries...
* |deal for Brominated analytes...
[APPLICATION NOTE]
PXDDF_DryWall_d10 Sm (Mn, 2x1) 6: MRM of 4 Channels AP+

Waters

‘THE SCIENCE OF WHAT'S POSSIBLE”

The authors conclude that the use of APGC in combination with the Xevo TQ-S

An Inter-Laboratory Evaluation of a Con
for the analysis of dioxins has the same potential, in terms of sensitivity and

and Environmental Samples Using APG
Bert van Bavel Dawei Geng, Laura Cherta, Jaime Nacher-Mestrd  SELECtiVity, as the traditional HRMS instrumentation used for this analysis, and

Esteban Abad,’ Jody Dunstan,’ Rhys Jones,’ Alexander Kotz,‘Hell -t jt s compliant with Regulation 589/2014/EU. The APGC-MS/MS benchtop

Hagberg, Ingrid Ericson Jogsten, Joaquim Beltran,? Félix Hernary
system, however, is far easier to use, maintain, and it can be quickly converted

for liquid chromatography analysis.

APGC TQS 2fg (MS/MS)
100 1.58e5
HRMS_TEQ vs APGC_TEQ. log transformation
-
VA
S/N:PtP=56.35
95/ /
2378-TCDD 1 w Laboratory
o] _ s @ e
& g ' A
. ] g AA W uicsic
I e bt £ / Sample_type
5  Time B K
1234-TCDD 10.00 1500 y @ Envionmental
A/ @ Foos
1478-TCOD "
S \ \‘ il Van Bavelet al., Anal. Chem. (2015) 87, 9047
1379-TCOD. } Figure 2. Chromatographic | | & i alet at é' em‘4( )87, .
st J WL JL JA o separation of TCDD congener 2 g
2000 2100 2200 2300 mix containing 2 to 100 pg 10g(HRMS_TEQ)
(concentration on column, Figure 6. Comparison of APGC results and HRMS for different
with 1 pl injectetﬂ. samples in three different laboratories, as described in the Materials

and Methods section.

TIC (Br2 CI DF)
3.28e4

APGC-MS/MS

1= Time

18.00 18.25 18.50 18.75 19.00 19.25 19.50 19.75 20.00 20.25 20.50

Figure 2. Total ion chromatogram of the Br,Cl dibenzofuran homologue group in an electronics fire burnt dry wall sample. The letters represent the
peaks for which peak-to-peak signal/noise (S/N) values were calculated. S/N values are as follows (A) 46, (B) 20, (C) 89, (D) 62, and (E) 12.

Organtini et al., Anal. Chem. (2015) 87, 10368.
e Used to detect what less sensitive GCxGC

TOFMS highlighted




APGC
‘New’ Xevo TQ-XS
New pump, new ion guide, ...

(ion tranmission)

Linear dynamic range of 6 decades...

Absolute amount TCDD

LOD 50 ag...
IDLs 80 ag

Jones, R., personal communication

(better MDLs than sector...

)

Figure 1

Higher m/z PAHs

XI s& rang

|
f
| | l 1“\ “!“a \1 mn “' Terphenyls &
“' . ‘ \;W f‘,”'j., —L | ull Ml‘EV| Bs Cl-terphenyls
‘t

LA u w‘v LA
& b TN .wmm

GCxGC-HRTOFMS 100fg (Full scan, >100,000 mass resolution)
1 [ ] N

1360 2360
Rxi-XLB

GC-Orbitrap

Results: TCDD response across 10-1000 fg on column

Mass accuracy in ppm (yellow)

1000

1234-TCDD
500

Peak area response

1478-TCDD
25018

1378-TCDD 13
100 fg
"1379-TCDD
25fg H H
soocop Orbitrap 500 fg (Full scan, >120,000 mass resolution)
0% 1.6
0.7

" Concentration (fg on column)

E. Abad, 2015

GC-Orbitrap

« Q Exactive

« TIC @ 120 k Resolution... i . i

| -
i B - '-,I
« <1ppm mass accuracy *

* Elemental composition

+ Fast untarget HR screening

* Lower needs for sample clean-up...




TIC

m/z 373.82070

Tic

Figure 6. OCDD in bonito fish sample. Extracted ion chromatograms of the four most intense ions for OCDD and the total
ion chromatogram (TIC) are shown.

C. Cojocariu et al., 2015

Journal of Chromatography A, 1218 (2011) 3274- 3281

[l

Contents lists available at ScienceDirect

Journal of Chromatography A

journal homepage: www.elsevier.com/locate/chroma

Cryogenic zone compression for the measurement of dioxins in human serum by
isotope dilution at the attogram level using modulated gas chromatography
coupled to high resolution magnetic sector mass spectrometry

Donald G. Patterson Jr.**, Susan M. Welch®, Wayman E. Turner®, Andreas Sjédin®,
Jean-Francois Focant®
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GC2: column: 60mx 0.25 mmx 0.1 um; 120(2)-10-220(0)-3-235(7)-4.6-310(5); He flow 1.0mi/min ; 46eV.

timed-CZC
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Possibly a lot of time saved here...




FGC But...

RT: 36.85-41.78

RT: 5.06-5.48 018 N
519 N 100 %802 4058 26085
100 ; 1.68E7 3779 miz=
54 525 miz= 0 | 385.7610-
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Unless We Do Dual Data...
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4 +—Savedtime
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>> | [l AcauisitionTime MiD2 [3570 | min

PrepRunTime AS  [2.00 min InterimTime DFS [0.30 min

92 min vs 2x57 (+10) min for 2 runs (16% saved)

timed-CZC

Triplicate five point calibration curve of TCDD (4uL injected) using t-CZC.

Linear Fit: StdDev = 0.002 RSD = 5.716 CF = 0.997637

0.12

1 fg/uL 2 fg/uL

0.06 500 ag/ uL
oo 200 ag/u%

./

Ratio of0Areas

Specified Amount

*Special certified Standards from Wellington Labs.

Get the Sector MS Speeded Up

RT2180-2198 o Cycle [sec} |0.90 =
oo o Yeas
* 1.1 Hz Section 1 LiC Mass Gr. | nt. | Time[ms]
«»1 standard 1 303.90160 1 1 163
=1 pw>10s 2 305.89870 1 1 163
3 Lock 313.98336 1 20 8
4 31594130 1 5 32
5 317.93830 1 5 32
3 6 31989599 1 1 163
«] 7 32189304 1 1 163
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9 333.93390 1 5 32
10 Cali 363.98017 1 20 8
0]
| |
o i
= CZC
“3 pw0.6-0.8 s
7]
o Cycle [sec): IOOB _|;
Section 2 LiC Mass Gr. | Int.
1 Lock 31398389 1 8 2
2 31989599 1 1 18
3 32189371 1 1 18
“3 4 333.93381 1 2 9
5 Cal 363.98070 1 8 2
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Time (min)




lon Mobility...
New orthogonal separation
Potential enhanced peak capacity...
Shape & charge selective
Collision cross sections (<0.5% RSD)
Overpass isobaric issues and tg issues...
GC(xGC)-IMS-QTOF ???

Chromatogram / Mobilogram / Fragmentogram...

Sample Prep...

ASE, PLE, MAE, SPE, Soxhlet, ...  |=
Si(GPC)/Al/C
Si/C/Al
Si/Flo/C(1) & C(2)
Si(1) & Si(2)/ C / Al
sSi/C

High throughput (

Low carry over

Lower costs than before...

Miscellaneous Tips & Tricks

Moving from Heto N,  (Phlogisticated air)

Van Deemter Plot

H
o \\‘
g X J
N\
é\ 25
T T T T T T 1
10 2 30 40 50 60 70

Average Linear Velocity (cm/sec)

APGC well suited for N, use as carrire gas...

Slight peak broadening (8ml/min flow ok)

ng/g WM APGCN2 mNIST Cert
3000
Figure 3
2500 4 NIST SRM 2585
Organic Contaminants in House Dust
2000 +

15m x 0.25mm x 0.10um Rtx-1614
N, at 1.4 mL/min
1500

1000

500

0 Y
BDE> 17 28 49 47 100 99 85 154 153 138 183 203 206 209

J. Cochran et al., 2015




||IChromaBLOGraphy

Topical and timely insights from top chromatographers.

EZGC
Chromatogram Modeler

E26C" Chromatogram Modeler :»

The new, Web-based version of our popular
Pro EZGC" application is now even easier!
Create optimized methods, customized to
your separation needs, in seconds.

Log In to Get Started!

RESTEK

Moving from He to H,
H, has faster optimal linear velocity
Higher productivity (562%), same LOQs

Reactive reducing gas...

Possible dechloration (<5%) (effect on TEQ...)
Reduction of analyte response (compensated by
better ion source on the QQQ...)

To be compared to He Dual Data...

60 h weekend sequence (Friday evening to Monday morning)

Number of Samples in 60 hours
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dual GC DFS GC-HRMS: Number of measured samples: 59 (Run Time: 60 h)

+ DFS with Dual Data XL: Number of measured samples: 96 (Run Time: 59.5 h)
Additional measured samples: 37
Increase in efficiency 63%

Efficiency could be increased up to 88% (111 samples) by further method optimization
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9 SCIENTIFIC

CALUX ??

Potency studies in human liver cells

—

Number of
Compound replicates Potency
21 1.00
2Br, 378CI DD 18 0.99+.13
23Br, 78CI DD 19 0.84+.10
17 0.77+.14
21 0.83+.07
3Br, 278CI DF 20 0.97+.12
23Br, 78CI DF 20 1.02 +.15
21

0.86 +.10
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CYP1A1 proximal promoter Luciferase

PCDDs, PCDFs, DL-PCBs, PXCDDs, PXCDFs, ...




The Early 2000’s Scenario is not True Anymore...
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Sector MS

QQQ MS/Ms
APGC-TQXS
GCxGC-HRTOFMS
GC-Orbitrap
GC-TQFTICRMS

v' One came a long way...

v Still lots to do

v The perfect MS analyser is yet to be found
v We can revisit our early 2000 approaches




