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Overview of Presentation

Congratulations on the DFS 10t
Birthday

Personal 44 year “love affair” with HRMS

Overview of why need to use biomonitoring for
human exposure assessment

Analytical necessity for HRMS to achieve very low
detection for human biomonitoring studies

The new lower detectability introduced by the DFS
10 year ago

Why we need even better (lower) detection limits
What does the future look like for the DFS



1971 Arizona State University (Dr Peter Brown)

Varian Atlas SM1B Mattauch-Herzog
Field-lonization Kinetics

1975 Stanford University (Dr. Carl Djerassi)

Varian-Mat 711 HRMS

Synthesis and Mass Spec Mechanistic fragmentation studies
using isotopic labeling of steroids

1979-2008 Centers for. Disease Control and
Prevention-Retired in 2008

Vg ZAB-2F; Vg-70E and 70S; Micromass Ultima,;
15 MAT 95XPs; 12 DFSs

2009-2015 AXYS Analytical Services-Sidney,
BC, Canada
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Objectives of Exposure Assessment to
Environmental €hemicals

° Quantification of magnitude, duration,
frequency and routes of exposure

— Example: Air, water, food, solil, dust, etc.

°* Characterization and enumeration of the
exposed population




Two ways to do human exposure assessment

External dose measurement

Modeling to predict internal dose
Internal dose measurement

Direct measurement of the internal
dose



Conventional Exposure Assessment
(Indirect)

° Questionnaire data

* Measurement or estimation of concentrations
In the various environmental media

° Assumptions of media contact or intake
routes—yield a value of applied dose
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Predicting Levels of Toxicants in People
Jsing Environmental Monitering Is Very
Difficult and Includes Many ASSUmMpPLions

Air levels
Water levels

Soil/dust levels \\ '

Food levels

Nutritional status

Lifestyle factors pmw—

Predicted levels
of toxicants In
Personal habits W people
Genetic factors /
Lung, intestine and skin ‘
absorption coefficients
MANY OTHER FACTORS



Provides direct measure of exposure—can
Integrate exposures from multiple pathways
and sources

Decreases uncertainty inherent in exposure
assessment by conventional method

Provides a more biologically relevant
measure of true exposure



EXposure Assessment

-

Source

e < Ny

Water ood o]l BIVES: Sediment

X A

External Dose

| Absorption following: Inhalation
Ingestion

Internal Dose
Metabolism — Dermal Contact
| Distribution

Elimination W Elimination

Specificity by:
Effective Dose Choice of matrix
Choice of analytes
i Choice of analytical method

«Sample preparation

Effect »Sample analysis



INSTEAD OF PREDICTING,

MEASURE LEVELS OF
TOXICANTS INFPEOPLE



Agent Orange

Herbicide : Defoliant

2,4,5-Trichlorophenoxyacetic Acid *
+

2.4-D In Diesel Ol

*2.3,7,8-TCDD contaminant






I’he Agent Orange Vietnam Veteran Ranch
Hand Dioxin Exposure Index was Not

Correlated with Serum Dioxin Levels

Theoretical linear -~
relationship

«
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Serum Dioxin

Rancn Rand EXposure Inaex



PCDDs, PCDFs, PCBs and POPs in general are
lipophilic compounds

Bioaccumulate up the food chain to humans

Can be measured in lipid stores of the human
pody

EXposure to humans primarily through food of
animal erigin (95%)



Ubiguitous environmental contaminants

Higher in industrialized societies

Lipophilic compounds

Distributed egually in the lipid stores ofithe
0)o)o)Y

InCrease with'age



TCDD Half-life in Different Animal Species
and People

180 X mouse
50 X quinea pig
400 X hamster
52 X cattle

80 x monkey




Mean Concentration off PCDDs by
Adipose Tissue Location (11 individuals)




Serum TCDD Levels are Highly.
Correlated with Adipoese Tissue Dioxin

10,000




Analytical measurement
process for PCDDs, PCDEs,
and PCBs In human samples



Selective sample preparation

High resolution gas chromatography/high
resolution mass spectrometry (= $500,000)

Isotope dilution guantification

Results reported based on lipid content of
the sample















Major Disadvantage in Adipose Tissue
Studies

Surgical procedure reguired to obtain
adipose tissue samples

L OW PARTICIPATION RATE



Major Problem in Developing a Serum
Method

Percent TCDD

Lipid Conc.
Adipose Tissue ~ 95 ppt
Serum ~ 0.6 PPY




Need for extensive quality assurance program
To be sure are measuring the correct congener

To be sure that the amount measured IS correct



Quality Control Chart for. 2,3,7,8-Dioxin
from 1985-1990




All persons from industrialized
socleties have levels of PCDDs,
PCDFs, and PCBs In theilr bodies

Therefore, before what IS
‘abnormal’ can be determined,
what Is ‘normal’ must be defined



What it Is:

An ongoing (every 2 years) biomonitoring assessment
of the exposure of the U.S. population to selected
environmental chemicals

Matrices monitored: Urine, blood and its
components




Metals

Polychlorinated
biphenyls, dioxins, and
furans

Organochlorine
pesticides

Carbamate pesticides

Organophosphorous
pesticides

Pyrethroid pesticides
Herbicides

Polycyclic aromatic
hydrocarbons

Phthalates
Phytoestrogens

Pest repellants
Cotinine

Perfluorinated
chemicals

Brominated flame
retardants

VOCs
Perchlorate

Bisphenol A and
alkylated phenols

Triclosan, parabens,
acrylamide

Sunscreen agent
Speciated arsenic
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www.cdc.gov/exposurereport




NHANES 2001/2002 U.S. Reference Range
90th Percentile for. Gender.and Age Group lotal
TEQ (2005 TEES) (95% Confidence Intervals)
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AUTOMATION IS ABSOLUTELY
ESSENTIAL TO CONDUCT LARGE SCALE
EXPOSURE ASSESSMENTS OR
EPIDEMIOLOGICAL STUDIES




Integrated, automated sample extraction
(SPE), clean-up (Power-Prep), and automated
evaporation systems manufactured by Fluid
Management Systems (FMS) in Waltham, MA

Extracts measured by isotope-dilution GC-
nigh resolution mass spectrometry on MA'T
O5XPs and more recently Thermo Scientific
DES HRMS
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Prior to 2006 the Centers for Disease Control
and Prevention used the MAT 95XP HRMS
Instruments for all the human analytical
measurments

In 2006, the Centers for Disease Control and
Prevention purchased their first Thermo
Scientific DES instrument

Over the recent years the MAT 95XP
Instruments were all replaced with 12 TThermo
Scientific DES Instruments






...and our customers confirm it!! — Study by CDC

CDC Talk and Poster at Dioxin 2006 in Oslo

THE USE OF VARIOUS GAS CHROMATOGRAPHY AND MASS SPECTROMETRY
TECHNIQUES FOR HUMAN BIOMONITORING STUDIES

Patterson. DG Jr.f. Welch. SM!| Focant J-F| Turner, WE!

'Division of Laboratory Science, National Center for Environmental Health, Centers for Disease Control and
Prevention, 4770 Buford Highway, NE, Atlanta, Georgia 30341; “Mass Spectrometry Laboratory, University of
Liege, Allee de la Chimie 3, B-6¢ Sart-Tilman, B-4000 Liege. Belgium

* DFS up to 5 times more sensitive than MAT95 on standards

 DFS up to 3 times more sensitive than MAT95 on real sample

39 ThermoFisher
SEIENTIFIC



Mass Spectrometer Hardware
Improvements

MAT 95XP HRMS (10,000 RP, Six MID Groups)

New Thermo Electron DES HRMS (13,000 RP, Six
MID Groups)

100 Background Level Serum Sample Extracts
Measured for. 21 PCDD/PCDE/CcPCB Congeners



Instrument DLs for 21 PCDD/PCDF/cPCB
Congeners

5 Fold lower IDLs than MAT 95XP

100 Serum sample extracts measured on
MAT 95XP and the DES HRMS

3 Fold improvement in MDL for all congeners

Reason for difference from 5 fold to 3 fold is
chemical noise and matrix effects



Relative Abundance

Relative Abundance

20 fg TCDD Standard by GC-IDHRMS
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‘45"H"’c”?"ume
Boehringer Plant

Workers

Chapaevsk rfm 0
Ufa, Russia

Vietnam Veterans
Ranch Hang

- 1982, - 1987, - 199

- 1997, - 2002




. apaevsk ana
ive Chug, Russia

Vietnam Ranch Hand
- 1982, . 1987, - 1992
- 1997, - 2002




Ruggedness and high sensitivity of the MAT
95XPs and over the past ~10 years the DFS
HRMS

Ruggedness and flexibility of the FMS system
due to its design

Each sample prepared in a totally separate module

Each module uses its own separate disposable
columns

No ‘cross talk’ (carryover) between modules
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Just what analytical scientists do!

Declining environmental / human levels
Higher false positive — false negative rates

Better “statistical power” for epidemiological
studies

Higher “power” for same number of participants

Same “power” for smaller number of participants
Cost savings



2,3, 7,8-TCDD Levels in Pooled Human
Serum (Atlanta, GA)

Parts-per-Quadrillion
[N
(@]

1985 1986 1987 1988 1989 1990 1994
Year Pool Collected



: LOD

£ 100 \ e 1997 (50g)

= - I

S :

. 1991 (100 g)

5 - l 1985 (100 g)

é 30'- | OQ l

Milbisoff, B4 OB O T
Amount in Sample 0.3 pg 0.7pg 1.0pg 1.5 pg

Normal Human Levels



POWER CONTOURS

Number fS amples



What Drives the Quest for Lower and
Lower. Detection Limits?

* Question: Is there a threshold for human
toxicity?




Human Life Stages
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Very young children and babies
“Finger Stick” Blood drops
Dried Blood Spots
Urine
Meconium

Elderly people

SICK people



MEASUREMENT OF POPs IN DRIED

Routinely Collected From Newborns in all
States in the U. S.

Genetic Testing — eg. PKU

Stored by State Health Departments
for Decades



Analytical Background

Dried Blood Spot analysis for POPS
Small Sample (<100 ul serum)
Limited sample size

Extremly low analyte amounts
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_oop Modulator

Delay Loop
Cold Jet 1st Stage
Nozzle
A‘J‘
2hd Stage
Hot Jet

Cold Jet



L2C-2378-TCDD Standard
GCXGC-HRMS, Loop
Modulator

100 9.13
" 30 msec cycle time L ligFetetelitinhy




12C52378-TCDD Standard

313 ag 12C-2378-
TCDD

(S/N>400, 4 Sigma)

Maximal sensitivity

Linear calibration :
0.313, 0.625, 1.25,
2.5, 10, 20 fg/ul

m/z 321.8936 [M+2] only



2,3,7,8-TCDD by CZC-HRMS

1,866,000 584,058 [
<O Molecules moles
1,000,000 970 Zeptomoles
AL
7
100,000 + %
3 10,000 % 1,866 + Zepto-
D / Phantomoles moles
S 1000 T % Range
= %
8 100 + % ()
c o
2 10 % d I
TS . T Yacto-
0 é moles
Femtogram 313 Attogram Zeptogram  Yactogram

Attograms
S/N 890



WHAT DOES THE FUTURE
LOOK LIKE?

New approach on the DFS:

Time-Controlled Cryogenic Zone

Compression (T-CZC) GC-HRMS
Paper P-0012



Heinz Mehlmann--Thermo
Dirk Krumwiede--Thermo
Jef Focant--University of Liege
Andreas Sjodin--CDC
Wayman Turner—CDC Retired
Donald G. Patterson Jr.--Consultant



R&D work at CDC i atography A, 1218 (2

Contents lists available at ScienceDirect

At I & t e . : Journal of Chromatography A
H R M S W I t h G CX G C FVIER journal homepage: www.elsevier.com/locate/chrama

S h 0) rt CO I umn 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

LO n g m O d u I atl O n Donald G. Patterson Jr.**, Susan M. Welch®, Wayman E. Turner®, Andreas 5jadin®,
J|ean-Francois Focant®
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[az) amounts of 2,3,7 B-tetrachlorodibenso-p-dicd B-TCOD1(313 ag gives a TN of d00:17, a level

Human ssrum that had nnl yet I:I-en attained using classical GC-HRMS. An isotop=-dilutian calibration curve was mon-
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& 2010 Els=vier BV, All rights reserved.




t-CZC paper at:

R i L SUPC PR

Time Controlled Cryogenic
Zone Compression (I-CZC):
A Novel Gas Chromatographic
Tool for Increasing Sensitivity

&y Dirk Korwmudicds, Heine Mebimeme, Kyl (Sifva
AR Cemter of Exallonss, Therma Faber Scientific (Seemen) by, HaeesMesatb-Staue |, 28355 Srme, Geomany
dnk riem wana (fibrem gfiabee sam

Tl amalysis of seenivealatile rase Sov@AMindals FERreEeat 3 nigue Shallesy & 1o ek analytizal 2 heeniat. Mod s tesnwigues of ga8

Sty Fdies il stied TemteueTiee
padoed srarnatageag iy ek arvdl g uaednonn e ass Bn et
Euley B Pieinluiiae oF taed e o o

In Google:
- type ,POPs” & , Thermo*

- first hit is this page

Chromatography Today
February / March 2012



Timed CZC - Principle

InJ ector

..the Jet is switched on to trap the entire peak of interest

2nd Dimension
(4m)

U™~
N~

Thermo Fisher Scientific



Timed CZC - Principle

I Injector ...and then reinject to the 2 d dimension

2nd Dimension
(4m)

U™~
N~

Thermo Fisher Scientific
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GC peak
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60 m column, RT 21.89 min )
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Time controlled CZC: targeted cryofocusing

c:\xcalibur\data\110622_cryo_01\cryo08|
GC2: column: 60m x 0.25 mm x 0.1 um; 120(2)-10-22! o) in precool 23.10-2 pCi precool 29-29.5 and 30.5-31.07

19.90 - 50.42)

.
2]
O

Thermo Scientific DFS

- Standard GC Run Dioxin / Furans on 60 m column

GEHHBHIBE

: Selected analytes with

timed CZC V%

- / Only selected
peaks are
1234-TCDD 12378-PeCDF refocussed

\ \

@ 40 46]

Thermo Fisher Scientific



LOWER & LOWER & Lower

RT: 14.00 - 14.91

100

5 fg/ul :

...THE LIMBO

RT:14.64
AA 4727

NL:

1.10E4

m/z=

321.8739-
321.9061 MS
ICIS
1209_CZC_TF_
LL_116

2 fglul

RT: 14.64

\AA[O

NL:

4.02E3

m/z=

321.8739-
321.9061 MS
IcIs
1209_CZC_TF_
LL_115

1 fg/ul

RT: 14.65
AA 667

~J

NL:

1.48E3

m/z=

321.8739-
321.9061 MS
ICIS
1209_CZC_TF_
LL_113

100

500 ag/ul %

RT: 14.65
AA 300

AN

NL:

9.74E2

m/z=

321.8739-
321.9061 MS
ICIs
1209_CZC_TF_
LL_108

100

200 ag/ul

50

RT: 14.64
AA 104

NL:

3.36E2

miz=

321.8739-
321.9061 MS
ICIS
1209_CZC_TF_
LL_104



Conclusions t-CZC

Clear gain in sensitivity.

Combination of t-CZC and standard
measurement possible.

Free choice of analytes to be cryo-focused.

Switching from normal to t-CZC without
hardware change.

No special software needed for
chromatograms nor quantification.

Very low CO, consumption compared to
GCXGC.

Use of standard columns.



Conclusions t-CZC

A lot of work yet to do
lon statistics (iIsotope ratios)
Repeatability
LODs in matrix
Hardware
Software
Blanks
Ruggedness for large studies
Scan speeds & dwell times
Many more
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