Gas Chromatograph Technology




SCi Chromatography
Spec

® Chromatography : Analytical technique that depends on separation of

components in sample

® Sample components are separated and detected

® Separation : Between two phases

— Stationary Phase

— Mobile phase
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SCi Gas Chromatography
Spec

® Gas Chromatography (GC) : Chromatography technique which gas is

used as mobile phase

® Sample will be injected into the system, Injection port where all

components are vaporized and swept into the column

® Sample components will then be separated according to the interaction

with stationary phase and eluted to detector.

Detector

Carrier ?‘
Gas " Y

Column

wil.

Your Scientific Sp—elsia_iist_

S ]




SCi GC System Components
Spec

Injector Detector

i i Detector Gas Cylinder
@ ——

Column Oven
........ } I

Carrier gas
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SCI TRACE 1300 Series GC

Spec

TRACE 1310 GC: Touch screen interface TRACE 1300 GC: Local built-in ultra-
provides instant access for ease of use simplified user interface — two buttons
and local control and four LEDs

- W
-z T @

Modules available:
Injectors: SSL - SSL backflush - PTV - PTV backflush - Helium Saver SSL - GSV
Detectors: FID - TCD - ECD - NPD — FPD - PDD - MS*

Other Options: Microfluidic devices, Auxiliary Oven, Inj/Oven Cryo, Aux carrier

Software drivers: Chromeleon 7 and 7.2 CDS, Xcalibur, ChromQuest, ChromCard

Your Scientific Specialist
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SC| GC Equipment Design since 1955...
Spec

: . _ Pneumatic control
® Diverse inlet and detector types are required

to run different GC applications et | N /&

P . . bodies Eroore
Inlet and detector bodies are installed on oven i
top deck and require pneumatic and specific gggtrrcni:;
electronics controller I_ /_/_

_ Inlet/ By
® The large number of options can sum up to detector /
: . : |~ bodi -
thousands of possible combinations and final o DOdIes
system configurations
=
® Typically systems are factory-configured based /// \\E\E
[ h
on orders e I
/)

® Upgrades or changes in configuration at site is N
an expensive, difficult and time-consuming
operation GC oven

Your Scigntific S_[_Jeciaiist
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A new Modular Approach to GC Instrumentation design

Spec

Pneumatic control

Inlet/
detector
body

Specific
electronic
control

boards

GC oven

Electronic boards Proportional solenoid valves

for gas control

Pneumatic manifold

Inlet body heater and Insulation

Column connection

- (inside the oven)
7
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GC with modular design - IP

Spec
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(Continued)
OTHER PUBLICATIONS

® Patent extended in US, EU, JP and CN

» Components are analytically tested separately from

the assembled final unit.

» Components can be kept in stock for fast

replacement, upgrading, or change of configuration

» Modules would be replaced without requiring a

service engineer
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SC| TRACE 1300 Series GC “Instant Connect” modules

Spec

IEC (Integrated Electronic Control)

Gas Specification

» Up to 18 channels of integrated electronic
gas control

* Pressure set points minimum increments:

0.01 kPa-0.001 psi in all ranges

SSL /SSL bkf PTV IPTV bkf Gas Sampling valve

Carrier Gas Control Common to all Injectors
* Split ratio: Up to 12500:1
* Pressure range: 0—1000 kPa (0—145 psi)

can ¥
s= 80D * Modes: Constant and programmed pressures and flows with gas

> ,{/ril =i

m i saver and septum purge
————

* Total flow setting:

He Saver — Control of split flow in 0.1 mL/min increments; split flow OFF or
from 5 to 1250 mL/min
— Purge flow: OFF or from 0.5 mL/min

Your Scientific _SEec:i_gi'tst
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SC' Robust and reliable performance
Spec

® Miniaturized IEC (Integrated Electronic gas Control) technology, integral part of each

instant connect module
—Gas manifolds and connections, restrictions and electronic valves built-in

—0.001 psi carrier gas control precision throughout the pressure working range, for

exceptional retention time stability

—Modules store all their calibration information allowing minimum variation if replaced on

a system

Your Scientific Specialist




sci TRACE 1300 Series: robust and reliable

Spcc Eerformance

® Injector modules
® Complete and self-sufficient

® Include injector body, valves, filters, electronics for

temperature and carrier gas control

— SSL specially designed
® Cool head and septum
— Lower septum bleeding
— Longer septa lifetime for high productivity
— No septum sticking for quick maintenance

— Lower air (oxygen) diffusion

— Column lifetime and MS sensitivity preserved

® Uniform temperature along liner

Your Scientific Sgeciailst
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SCI TRACE 1300 Series GC: Tailor Instrument Configuration
Spec

Proprietary, patented Thermo

Scientific “Instant Connect” modules

Modules are user-installable in less
than two minutes
— Disconnected column from injector.

— Just remove three screws and put the

new module in place
— No special training, dedicated tools or
on-site service engineers required
Every injector and detector is self-
sufficient

— Contains the Integrated Electronic gas

Control (IEC)

— Storing module calibgafion;qjcntific Specialist




Injector maintenance

Y i
3 S &

Q
B

-
-
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Injector maintenance
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SCI Injector maintenance
Spec

Your Scientific Specialist




SCi Robust and Reliable Performance
Spec

® Miniaturized instant connect detectors

> Available: FID, ECD, TCD, NPD, PDD and FPD (also dual flame)
> Single bodies including cells, heater and gas feeding

» Reduced volumes for increased sensitivity

> Up to four can be mounted and operated at the same time

> Fast acquisition speed: up to 300 Hz <

» Enhanced Linearity

> Easy access to removable parts for maintenance

®" Front-end to Mass Spectrometers for increased

selectivity and sensitivity

Your Scigntific Speciaiist
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SCl TRACE 1300 Series GC “Detector” modules

Spec

FID TCD

3y £
ECD
“ /

Your Scientific Specialist




SCl Trace 1300 Series : Replace Injector Module
Spec

Your Scientific S[__Jecialist



SCi Fast GC Oven
Spec

The powerful and robust solution for
superior oven performance

® Proprietary oven technology

— Perforated sheet metal walls and larger

exhaust

® Large oven size in a reduced benchspace

— Up to 2 capillary columns with standard cage
® Fast heating and cooling

— up to 125 °C/minute

® Both walls accessible

— Easy MS connections and additional devices

Your Scientific Specialist




5.... Fundamental of Mass Spectrometer
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Sci Why GC/MS?
Spec

® Universal and specific

— Full scan for unknown sample

— SIM, MIM for specific (interested) mass
® High Sensitivity
— ppt level
Provides identification with standard or library spectrum
® Interference-free quantitation (SIM or MIM)

® |sotopic information

Confirmation of other conventional detectors =
S

Your Scientific Specialist




SCi What is Mass Spectrometry?
Spec

® The production of ions that are subsequently separated or
filtered according to their mass-to-charge (m/z) ratio and

detected.

® The resulting mass spectrum is a plot of the (relative) abundance

of the produced ions as a function of the m/z ratio.”

Your Scigntific Speciaiist




SC' What is “Mass Spectrum” ?

Spec
® Graph of Relative lon Intensity vs. m/z

® |on Fragments detail structure and molecular weight of compound

ccl “parent mass”
1004 3117
CCl, MW=152
()]
% Other are called
g “fragments”
@]
<
S |
Cl CCl cCl,
A7 =
35
O ...,..hll','ll:.:|i..':'!'i.'.'..';':':.., Y U 1 1 ¥ P
0 G0 =1l 100 120 14 160

rour >cienuric s>pecialist
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Sci

Mass Spectrum

Spec
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Sci

Spec

Components in GC/MS

GC

Transfer

@ Turbomolecular Fore
Saugé Pump Pump

Gauge

[ ows ]
Electronics

Your Scientific Specialist



SCI ISQ 7000 Series...

Spec

Ultra high sensitivity and robustness

Perfect for today, & 0000
ready for tomorrow

. . High-throughput solution
» Fit for purpose GC-MS solution SO 7000 NeverVent El & CI

» Grows with evolving regulatory requirements
 Base to advanced configurations

* Full field upgrade path High-throughput solution
1ISQ 7000 NeverVent El

Accessible high performance
Affordable first entry 300L/s ExtractaBrite

66L/s ExtractaBrite

Your Scientific Specialist




SCI TSO 9000 Series...

Spec

Ultra high performance
and robustness

Perfect for today, 75 9000 A
ready for tomorrow

High-throughput solution

« Grows with laboratory requirements IR Agasent EI &€

 Base to advanced configurations
* Full field upgrade path

High-throughput solution
TSQ 9000 NeverVent El

Affordable performance
300L/s ExtractaBrite

Most accesible entry from SQ>TQ
240L/s ExtractaBrite

Your Scientific Specialist



SCi lon Source Cartridge (iISQ)

RF Lens/Lens 3

: Lens 1
K
Repeller
Repeller Nut \
epelier L lon Cartridge Sleeve
Locking Ring l Lens 2
- ens
5 H ) \
'\_-H' ) B
vt lon Volume/ lon Volume
\ Repeller Insulator

Repeller Spring

e o il e




SCi lonization Methods in GCMS
Spec

® Electron lonization

® Chemical lonization
— Positive lon Chemical lonization

— Negative lon Chemical lonization

Your Scigntific Sgeciailst
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SCI Electron lonization

Spec

Filament Focusing Lens

Electron Beam

Molecular lons

lon Repeller —_

Transfer line from GC

Your Scientific Specialist




SCl PCI : Positive lon Chemical lonization
Spec

® Reagent gas reacts with electrons to form primary ions
® Primary ions react with CH, and form collided ions

® Collided ions react with sample molecules (soft ionization) and form

molecular ions

® Molecular ions present in form of [M+H]", [M-H]*, [M+17]",[M+29]",
[M+41]"

® Main use is molecular weight confirmation (clean spectra)

® Example of reagent gas : CH,, Isobutane

Your Scigntific Speciaiist




Sci

Spec

Adduct Formation in

PICI

944
1005
3 Meperidine @
(Demerol)
CI_-||||||||||||||||||||||||||||||||||||||||| T T T ™
B0 82 84 B& 88 9.0 92 94 96 98 100 102 104 106 108 110
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M-+1
100 2480
1  Methane Cl
60
60-]
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20-] 2320
2021
] 1724 2181 004
IE"_|||i||||"!|||||||||| ||||!'|||||||!"||||||||||||||
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miz
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SCi El versus PCI for Pesticides (heptachlor MW 336)

Spec

El Spectrum of Heptachlor

FiEy

3

Cl Cl
l
il
Fa
Cl i
Cl
100
73
] 124 mnﬁg 1094
75 17 kan 1 219|
5:' [ qu.. Mo i.1.3|5| LA 1 HI
40 #0 120 180 oo 140 i
miz

|

TErmal

Intensity is low for any single m/z ion.

PICI Spectrum of Heptachlor

337

Cl

g
Cl

2 301
|

i dii "
T T

L . . . "
h ' 80 ' 120 | 140 ' 00 | 240 | 280 ﬁl_:dn T 3dn e

mfz

Intensity is concentrated in [M+H]" ion.

Spectrum is simpler.

In PICI, sample is not fragmented. Therefore, PICI will provide higher ion intensity

Which means better detection limit when compares with El

Your Scientific Specialist
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SC| lon Transmission

Spec

® |lens:

— Applying appropriate voltage to lens can be used to induced molecular ions into

FF LensLons 3

certain distance and direction |

® Multi-pole rods : N

— quadrupoles , hexapoles, octapoles are widely used to transmit ions for longer

distance

Your Scientific Sgeciailst




Sci

Spec

ok~ W DN

Mass Analyzers

Quadrupole or Single Quadrupole
Triple Quadrupole

Time of Flight (TOF)

Magnetic Sector

Orbitrap

Your Scier!tif_ic S_p_ec:igi'tst




SC| Single Quadrupole Mass Analyzer

Spec

Quadrupole - consists of two sets on opposing
rods. This mass analyzer uses a combination

of RF(AC) and DC modulation to sort ions. This

Detector

analyzer provides nominal mass resolution

resonant ion

dc and ac voltages

Your Scientific Specialist
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Sci Quadupole Mass Filter Operation
Spec

@ m/z=4+
® m/z= 100+
® m/z= 500+

O, 0
oo

At Time 0

Your Scientific Specialist




Sci

Spec

Quadupole Mass Filter Operation

+140 -140
O '.
o
@
-140 +140
At Time 1

. m/z= 4+
‘ m/z= 100+

@ m/z=500+

Your Scientific Specialist




Sci

Spec

Quadupole Mass Filter Operation

o
G +100

o O

.
S
w e
T )
fotT T, e
Q O
o :.
o,
. .
RO
° .
®e o
0y o
0y o
0o’ @
.
* o
%,
oo
°

0. O
O O

+100

At Time =2

. m/z= 4+
‘ m/z= 100+

@ m/z=500+
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Sci

Spec

Quadupole Mass Filter Operation

......
___________
. "ay
. LH
e
.
.
D

-140 +140

At Time =3

. m/z= 4+
‘ m/z= 100+

@ m/z=500+
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Sci Quadupole Mass Filter Operation
Spec

......
___________
. "ay
. LH
e
.
.
D

Qi @ M4

= @ miz= 100+
o @ m/z=500+

AtTime=4
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SCI ISQ 7000 GCMS — Designed with Intention

Spec

ISQ 7000 GCMS — Designed with Intention

Advanced Electron lon (AEIl) source
(available in dedicated configurations)

Quadrupole Mass
Analyzer \

Dual Filament
assembly

e

=N

E =8\
T W =d

ExtractaBrite ion source

_— ]

Vacuum Probe
Interlock (VPI)
(Optional)

Your Scientific Specialist




?‘i Operation modes in Single Quad MS
pec

\_

® Full Scan
— Set a mass range to cover sample’s molecular ions
— Get spectrum for identification

— Good for unknown but Low sensitivity

® Selected lon Monitoring (SIM)

— Select one or a few molecular ions those will be monitored
— Lost spectrum information

— High sensitivity but may cause false positive error

Your Scigntific S_[_}eciailst




SCI Triple Quadrupole Mass Analyzer
Spec

® Triple Quadrupole - consists of two sets of quadrupole with one collision cell in
between. This mass analyzer uses a combination of RF and DC modulation to sort ions
just like single quadrupole. Q1 and Q3 work like mass filter (using RF and DC) while
Q2 works as a Collision cell (RF only and Collided gas). Q1 can selected any
precursor (parent mass) and pass it into collision cell (Q2) where precursor are

fragmented and pass through Q3 for ion sorting again. This analyzer provides high

sensitivity with fast confirmation analysis.

Your Scientific Specialist




SCl Selected Reaction Monitoring (SRM or MRM)

Spec

Quantitation of target compounds in matrix samples

RT. 2376 RT:23.17
240

2552
= 2355 2411 2455 oo

252 2397 a5

-
—y

Q3

YYVYYYVVYYY "'"|
v

VYYVYY | VYYVYVVYVYYY

JT

Q1 selects the precursor ion

Argon Collision Gas .
o Q3 selects the product ion

Your Scientific Specialist
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SC' Structure Specific Selectivity by QQQ : Parathion-Ethyl

Spec

100

SRM
Product lon
m/z 97,01
m/z 109,01

125

139

155

186

T x

M* m/z 291,03

SRM

Precursor lon

(used for SIM in

single quad

methods)

%

235

NIST Library

Spectrum

10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300
(mainlib) Parathion

Your Scientific Specialist




wv
o

Full scan/SRM Acquisition
Spec

5.68 146

Spectra from

—

=] =

=] =
1 |

=]
=]
[ N

Full scan -
=3 FS/SRM Method |

o

-
T
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SCl Detector : Dynode Electron Multiplier

Spec

® Dynode converses Molecular ions into electron
— Continuous Dynode .

— Discrete Dynode

® Electron are then sent to multiplier for signal

enhancing

Photo courtesy from SGE & ETP, Wikipedia
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http://upload.wikimedia.org/wikipedia/commons/6/67/Electron_multiplier.svg
http://upload.wikimedia.org/wikipedia/commons/6/67/Electron_multiplier.svg

SCl Off —axis dynode and EM

Spec
® Off axis dynode Electron Multiplier
— High voltage is applied (+/-10 KV) for
high signal (accelerate ion velocity from
mass analyzer to dynode)
— Induces only molecular ions to hit Hﬁ
dynode '
® Electrons from dynode hit internal wal . M
of EM. .

® Multiplication process amplifies for

more signals Dynode

Your Scientific Specialist
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SC' User maintenance :Vaccum probe inter lock
Spec




Vacuum probe inter lock
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Sci

Spec

Key Words

Pesticides, Tea, Herbal products, ASE. SRM, MAM, Multi-residue a
TSO 8000 GG-MS/MS

Application......

Multi-Residue Pesticide Analysis in Herbal
Products Using Accelerated Solvent
Extraction with a Triple Quadrupole

GC-MS/MS System

Hans-Joachim Husbschmann, Joachim Cummesshach |
Mcole Ruscken, Johann Kichner, Elmar Helfrer, Pyt

Note: 10212

Introduction
The residue analysis of pesticides has developed i
years into a comprehensive methodology for the
of many hundreds of potential cor
A multi-residue method for herbal products and «
faced with additional challen
arigin of the products and the complex marsix of
dried materials. In the due quality control of raw
materials, the unknown or undeclared local plane

0 treatments must be taken

es. from the warldw

=EN 14103

= Linolenic acid
‘methyl este

= Total FAME

o account

a wide variery of potential pesticide conaminatio

Dried lea

s, Beuits of seeds and ether herbal pro
medical use deliver highly complex extracts from
sample preparation due to the rich content of acti
ingredients, essential ails and the typical high boil
seatural polymer con
fruit skins. A th
lead u
oplete characterization of pesticide, and other re
i« by both LC and GC-MSMS

the complere range of functi

pounds from broken cells, le
ough clean up of the extracred

sses of critical analytes of interest. A

ination is d

conca
nal groups
-r This applicacion rep
methodalogy used

pesticide analysis of her

using accelerated solves
(ASE) and

1 permeatio

chromato

system.

Determination of Total FAME and Linolenic
Acid Methyl Ester in Pure Biodiesel (B100) by

GC in Compliance with EN 14103

Fausto Musari, Dasiels Cavaagnmo, Andrea Cadopps, Thermo Fisber Scientafic, Mila

Intreduction

In order foe biodiesel o be commercialized a3 pure biofuel
ot blending stack for hearing and dicsel fuels, it must meer
a set of requirements defined in ASTM D6751 and

EN 14214 standard specifications.'* These specificarions
indicate the maximum allowable concentrations of
conraminants in pure biodiesel (B100) finished product,
along with other chemical-physical properties necessary

for a safe and satisfactory engine operation.

Gas chromatography (GC) is commoaly adopeed to
characterize pure biodiesel (B100) according 1o the
following standard methods:
= EN 14103: Determination of Toral FAMEs (famy acid

methyl esters) and Linolenic Methyl Ester (C18;
= EN 14105/ASTM D63584: Determination of Free and
al Glycerinet»
= EN 14110: Determination of residual Methanol'*

Comprehensive Thermo Scienrific GC solurions have
been developed in compliance wich cach of these mechods,
based on the Thermo Scientific TRACE GC Ulra™ and
the versatile TriPlus™ auosampler (Figure 1). This
)m\hu:nm note relates 1o the derermination of roral FAME

and linolenic acid methyl ester in hiodiesel according ro
EN 14103,

fic TAACE GC Uitra wilh TriPlus sutpsspler

or 2 programm|
and a wax colur
This GC analysi
in BI0O biodies
linolenic acid m

in accordance w

method is suiral

Methods

Instrumentation
A Theemo Scieny
FTV inler with
detecuor (FIDJ,
liquids is use
Chrom-Card da
Thermo Scientif]

«column, gerning
that a few nano

accumulate insi

increases the i
performance aft
reduces the colul

Application
Note: 30112

* HRGC/HAMS

Application
Note: 52242

Koy Words

+150 Single
OQuadrupa

Benedicte Ganrriat-Desre
(With special thanks 1o

Introduction

While wine makers have histor
and mass spectrome
now more commaonly use the technigu

GC-MS

Confirmation of Low Level Dioxins

and Furans in Dirty Matrix Samples
using High Resolution GC/MS

Durk Krumunede, Hans-[oackim Hucbschmann, Thermuo Fisher Scientsf

Introduction

©wer the past 30 years, dioxin TEQ) levels and bady
burden levels in the general population have been an the
decline and continoe to decs More than 90%

of human exposure to dioxins and dioin-like substances
is through food. With increasingly lower dioxin levels in
food, feed, and rissues, more demanding limirs of detec-
tion, selectivity, sensitivity and QC checks are required

to confirm their presence at these ever decreasing levels.

eh Fesolution GLAMS wih two
utosamples

a o A

o 0 1

B-Tetrachiood

(Teno |

Fapee 2
Because HRGOHRMS possesses all of the above

criteria, it has hecome the most efficient analyrical rech-

nigue for this application, and is now required for dioxin

analysis in food and feed by European direcrives, as well
as by the US EPA for Method 1613 Rev.8*", Also,
because of its specificity, HRGOHRMS is required by
these directives for the positive confirmation of the
existence of the analyte in the sample.

The new directives demonstrate the continuing need
. Asan

for even more sensitive analytical instrumentatic
example, the new methods. i

of quantitation (LOQ) w be $0% lower than the lowest
reported level in the method. This requires the instrumen
ration to reach even lower levels of detection, a
the necessary sample volumes needed foe analysis

ot confirmation require limirs

reduce

. Bremen, Germany

Modern instrumentarion, like the DFS, can achieve
these lower levels of detection as presented for the fissc
time at the *Dioxin 2006™ in Oslo, Norway, even ax the
ag level*, and as a result, samples can be prepared
quicker and analyzed with higher sample throughpur.

The high sensiriviry of 2 DFS HRGC/HRMS spstem makes
it the pesfect solution for criical samples.

Experimental Conditions
All measurements were carried our on the Thermo
Scienrific DES High Resolution GC/MS system coupled ro
a Thermo Scientific TRACE GC Ultra™ gas chromate-
graph equipped with a spliv/splitless injector. Samples were
injected using the Thermo Scientific TriPlus™ Aumsampler,
see Figure 1. The injection volume was 2 pL of each
sample measured. A Thermo Scientific TRACE™ TR-5MS
GC column with the dimensions 60 m kengzh, 0.25 mm ID
and 0.1 pm film thickness was used for the analysis. The
temperatuse progeam is shown in Table 1

The injection was performed using the hot needle
wechnique. The empry needle was heated up in the injector
for 2-3 seconds hefore injecting the sample, thus elimi-

nating any discriminarion of higher boiling congeners

The DFS mass spectrometer was set up in the mulriple
ion detecion mode (MID) ar a resolution of 10,000
(10% valley defininon). FC43 was used as a reference
compound to provide the inherent lock and cali masses
f irored scan-to-scan
insure the highest mass peecision, stability and ruggedness

These reference masses are m

necessary for routine target compound analysis an 2 high
resolution mass spectrometer. For all native dioxinifuran
congeners, as well as for their \p:u!il U labeled internal
standards, one quantification mass and one ratio mass
mented in the MID set ap, as shown in Table 2.
amitored on the

were impl
The effective resolution is conscantly

reference s and documented in the data files for each
MID window
Maodifications of the MID descripror used in this

application m
As an example, the EPA method 1613 standards typically
do nox contain the octa-furan VC labeled internal stan-
dard, so the masses in brackess in Table 2 can be delered
for a pure EPA 1613 MID set up. To ser the boundaries
of the MID retention time windows for each individual

s window defining standard (such as a fly

b be necessary for different applications.

congener group,
ash) must be used to properly ser the MID rime windows.

ally used gas chromasography
¥ {GC/MS) to detect pesticides, they
supplement
quality conmol checks of wine raste. Withour GC/MS,

Identification and Quantification of
Impurities in Wines by GC/MS

Austin, TX, USA

warge, Thermo Fisher Scientif

gises
wers

ion
iring

the experimental method used 1o detect impuri
the concentzation ranges thar compare GCMS with
human detection.

Methods

For this experiment, several rargesed molecule types that
affect wine quality were analyzed using an ISQ™ Single

B Quadrupole GC-MS system (Figure 1). Table 1 contains a
ivity  brief description of the effects on wine qualiy of the four
10 rarger molecule rypes, and examples of how GO/MS

eters analysis can provide value in quality conerol

<t oa Wine Beaslit of GL/MS Analysis

/S can detecs & tyighenal and d-stigaiacol
i lower concensranion than human tastess. GCMS
2 atsa detect the presence of d-imlghencl and
dpnylgaiacol, miemmediariss in Brerananyres
yesst metabalksm and allow wine makeet 1o
disca contamingled baches

+roduced in varivus steps
sast metstodam. The two
teg — d-sthyighenal and
@ he wine an d

s te gualin

e drve from maidy
.8 wing's taste

Detecting @ v s makies 1o e
presence of mold in ess grages and allows them
i e and et & comtamingted plot of sed.

e o halophends.
pievent iwcod degradsti
wine 8 mokdy asor

asinys prowida informmation of s ofanalsptic
wine production snd help identity

LA mATVES, G
&8 wing matures (BN
| peppar” taste, BMP

Determuneg e levess of IBMP and (PP in wine
afeces Paruesting déeasions
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SCI Scispec website ; Application.....

Spec
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Sci GCand GCMS application support.

Spec .

Environmental

Static Headspace

(Syringe based) :;’T'_ Static
v Headspace
ke . ' (Valve&Loop)
" l I_}" T a1
/ o 15',}_;
Forensics ﬁ » "
I ' Purge & Tre
ME IJZ‘
I :'ﬂ,' i
’ Thermal
Desorber

Sample
Preparation
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SC' Multi-Residue Pesticide Analysis in Herbal Products Using Accelerated

Spec Solvent Extraction with a Triple Quadrupole GC-MS/MS System
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'Sci Multi-Residue Pesticide Analysis in Herbal Products Using Accelerated

Spec Solvent Extraction with a Triple Quadrupole GC-MS/MS System

Sample Preparation

[ |
Dried leaves , fruits or seeds
and other herbal products

| |
Weight 10 g of sample.

Mixed with DE and load ASE™ 350
into the extraction cells.
Sample weight 10g
‘ ‘ Extraction solvent Ethylacetate/cyclo-Hexane 1:1,
same as GPC solvent
Concentrated Sample and
e . . Temperature 120 °C
IHJECtIOH with GC Pressure 100 bar
Extraction time 5 min, 1 cycle
Flushing with solvent 60% of cell volume
Flushing with nitrogen 100s

Your Scientific Specialist




Vsci Multi-Residue Pesticide Analysis in Herbal Products Using Accelerated

Spec

GC : Condition

Injector PTV
Base temperature
Iransfer

Flow

Analytical column
Pre-column

Column oven
Start
Ramp 1
Ramp 2

Transfer line

lon source temperature

MRM Detection

Solvent Extraction with a Triple Quadrupole GC-MS/MS System

MS/MS : Condition

Splitless mode

50 °C

10 °C/s to 250 °C, until end of run
Constant flow, 1.2 mL/min, helium

40 m, ID 0.18 mm, 0.18 pm film,
5%-phenyl phase (SMS type)

5m, 1D 0.18 mm, empty deactivated,
no backflush

Temperature programmed
70 °C, for 1,50 min

15 °C/min to 190 °C

/ °C/min to 290 °C, 12 min

250 °C

220°C
Timed SRM mode (see Appendix)

Your Scientific Specialist




' e Pesticida AT procusor  Product  Collsion
Name Mass (m/d Mm(nm Energy v}
] Paclobutrazole 175 | 238n | 12708 15
. More than 80 compoun e e
Chinomethionat 1778 | 23408 | 206.06 10
S Napropamid 1807 | 2118 | 12807 5
Napropamid 1807 | 12807 | 7204 0 | w—
Pesticide RT  Precursor Product  Collision Pesticide AT Precursor Product  Collision Pesticid RT  Precursor Product  Coll Flutriafol 1811 219.07 12304 15
Name (mi}  Mass fms) Mass(my Energy () [ Name (min)  Mass (n) Mass(mz) Energy() | Name {mn)  Mass (mz) Mass (s Energy(V) [Erwesm %1 | 12304 | 7503 m
ﬁmﬁm 603 | 15203 | o001 20 Dimethipin 1363 | 21000 | 7602 10 Anthrachinon 1644 | 20797 | 15199 20 Flurodifen 1844 | 19002 | 12601 10
Difluorobenzamid Terbutyl 1297 | 21410 | 13208 10 Anthrachinon 1644 | 180.04 | 15206 16 Fluroditen 1814 | 19002 | 146.01 5
Degradation (lsocyanat) | %% | 19293 | 12501 = Terbutylazin 1297 | 21410 | 10406 10 Anthrachinon 1544 | 20797 | 1800 10 Bisphenol A 1817 | 21314 | 11906 3
Carbofuran 1 880 | 14906 | 1210 10 Propyzamid 1304 | 17301 | 14501 15 Nithrothal isopropyl | 16.09 | 23608 | 194.07 10 Bisphenol A 1817 | 21314 | 16499 20
Carbofuran 1 880 | 16408 | 14907 10 Propyzamid 1304 | 1730 109.01 18 Nithrothal isopropyl | 16.09 | 23608 | 14805 20 Bisphenol A 1817 | 22815 | 21307 10
Difluorobenzamid | g, | 14100 | gan 2 Propyzamid 1304 | 17502 ] w701 15| Triadimefon 1541 | 20807 | 18106 | 10 c ISTD | 1820 | 30200 | 11080 | 20
Diffsorobonzamid Propyzamid 1304 | 20002 | 22602 | 15| Miadimefon 1641 | 21007 | 18306 | 10 L J 1822 | 21408 | 16007 | 20
o 862 | 141.00 113,09 15 lwurlmmdn 1367 | 14203 7001 15 Tiocarbazil 1615 | 156.08 10006 8 Hi I 1822 | 21408 15198 25
Wttt 50| 020 | o000 | e || [0 T TR | o N O as | s | v |
::pm" :': :::ﬁ :::ﬁ :z Dinoseb we | 2nw | i 10 T : 1939 | 33602 | 1801 i Isoprothiol 1sI24 20@I99 11?‘% 7
c:b:::‘n_}m1 1043 [ 13708 81.01 18 Terbazil 1342 161.05 88.03 15 B - 1539 33802 22001 2 Isoprothiol. 1824 | 20399 8490 25
utralin 1554 | 26614 | 2201 15
Carbofuran-3-hydroxy 1 | 1043 | 18005 | 13701 15 Terbazil 1342 | 16005 | 76.02 15 - 564 | 28814 28010 B P 1824 | 29006 | 118.03 15
Tevah'ydmphﬂllllmld 1084 | 15104 79.01 25 Bromocylen 1437 | 35879 242,85 15 - . . -~ Flamprop-methy! 1839 | 230056 170,04 10
Tetrahydrophthalimid | 1084 | 15104 | 12209 m Bromocyl 1437 | 35693 | 24124 15 Dicapthon 1644 | 26200 | 26200 8 Famprop-metyl | 1820 | 27606 | 10502 10
0-Phenylphenol 100 | 17007 | 14106 | 20 Dimethenamid 1460 | 23006 | 15404 w0 || Dicapthon 1544 | 26200 | 21600 Ll thyl | 1848 | 20610 | 13109 | 15
0-Phenyly 100 | 17007 | 11506 20 Dimethenamid 1460 | 23206 | 15404 10 Crufomat 1630 | 25620 | 22615 25 Kresoximmethyl 1848 | 20610 | 11601 10
Moli 110 | 18710 | 12807 | 10 Dimethachl 1461 | 19708 | 14806 10 | |Crufomat 1630 | 27620 | 18209 10 Buprofezi 1851 | 17508 | 11696 | 20
Molinate 110 | 12607 | 9805 5 Dimethachl 1461 | 19908 | 14806 10 Allethrin 1617 | 12307 80.98 10 Buprofezi 1851 | 17508 131.99 15
Chlorfenprop methyl 1159 | 196.00 165.00 10 Acetochlor 1465 | 1741 146.15 15 Allethrin 1617 | 136.04 92,98 10 Buprofezi 1851 | 24918 10593 20
Chlorfenprop methyl | 11.59 | 16500 | 137.00 10 Acetochl 1465 | 22319 | 14717 10 Dinobut 1689 | 16306 | 116.04 15 [— RT  Precursor Produet  Collision
Fonobuoart N0 | 12107 | 7705 15 Desmetryn 1468 | 21311 | 17108 10 Dinobuton 1689 | 21107 | 11704 18 Name () Mass(u) Mass(wz  Energy(v)
Foncbacart nee | %M | e 10 Desmetryn 1468 | 21311 | 19810 10 Penconazol 1689 | 24806 | 15704 % Azinphosmethyl 2295 | 16000 | 132.00 10
Propachi 176 | 17606 | 12004 | 10 | | Flurprimidol 177 | 26912 | 10698 | 20 || Penconazol 1689 | 24806 | 19204 | 15 Jainphosmeti 2% | 16000 | 10464 | 10
Propachk nye [ 12004 | 4203 10 126 | 18810 | 16007 10 || Pyrifenox 1 1617 | 26203 | 19202 | 20 Pyriproxyfen 206 | 13500 | 782 | 2
Prog NIE| 16906 | 1200 | 10 Alachi 426 | 18810 | 13012 % || Pyrifenox1 1617 | 26203 | 20002 | 20 Fenamirol 255 | 25102 | 13901 | 15
Propachior 176 | 19607 | 12004 10 Alachlor 1426 | 23714 | 16015 10 Pyrifenox 2 1681 | 26203 | 192.02 20 = 255 | 3003 | 13901 10
Cycloate 108 | 15410 | 8305 10 Vietribugin it | esos T 2203 % byritenox2 oo 25205 | 2002 0 Py 2450 | 36414 | 30942 5
Cych 198 | 21613 | 15410 5 Votribuzi i 1806 | 904 © ' . . Pyridat 2450 | 3092 | 14706 15
Diphenylamin 11.49 | 169.01 168.09 20 F hos (Famphur) 2016 | 218.07 108.04 15 Flug | 2459 | 34001 298.01 2
Diphenylami 1149 | 16901 | 16709 20 mm!l b0 | 210 | 16100 o Famophos (Famphur) | 2016 | 21807 | 12695 20 Flm"wﬂmi 2459 | 34201 | 30001 2
Chl h 1226 | 21306 | 12703 15 Propanil 1500 | 21901 | 16300 10 PR —— Etofenprox 2605 | 16309 | 107.08 16
P a— Fipronildesulfinyl 1415 | 33300 | 23120 20 P g 1863 | 18687 | 12399 | 20
prof 1226 | 21306 | 17104 10 Iprodion Degradati 863 | 1s687 | 15002 m Etofenprox 2605 | 16309 | 13507 10
Phosmet-tron 200 | 16000 | 13296 % Fipronildesulfinyl 1416 | 33300 | 28130 20 Etofenprox 5os | 3o | 1m0 2
e 200 10100 T 7585 - Carboluran-Sydray2 | 1502 | 13705 | 8101 TS Iprodion Degradation | 1863 | 24394 | 187.02 10
Iprodion 2057 | 31406 | 24525 | 16 Etofenprox %605 | 37614 | 16309 | 10
Phosmet-oxon 1200 | 160.00 76.96 20 Carbofuran-3-hydroxy 2 | 15.02 180.05 137 15 Silafluofen 2625 179.00 151.00 7
. 1810 | 22516 | 18313 | 10| | Prometryn 1449 | 24114 | 18410 | 15 || lrodion 2057 | 18699 | 12387 | 20 Siiafluct %25 | 2B | % | %
P 1310 | 22516 | 21015 10 Prometryn 1449 | 22613 184.10 12 'Pmdf"" 2057 | 31600 | 24735 15 Dif T 2691 | 32306 | 26604 I
Carbofuran 2 1313 | 14906 | 12105 0 Tridiphan 1518 | 18694 | 15694 15 || Irodion 2057 | 31600 | 27311 10 Difonconazal 1 2691 | 3505 | 26704 2
Carbof 2 1313 | 164.08 149.07 10 Tridiphan 16518 | 21909 184.09 20 Propi 1 1938 | 25002 173.02 20 Difenconazol 2 2706 | 32305 265.04 15
Profluralin 1322 | 31810 | 199.06 15 Ethof 1480 | 20682 | 16086 10 Propiconazol 1 1938 | 17294 | 14491 15 Difenconazol 2 2705 | 32506 | 26704 2
Profluralin 1322 | 33023 | 2245 | 2 Ethof 1480 | 28575 | 20682 12 || Propiconazol 2 1954 | 25002 | 17302 | 20 Indoxacarb 2855 | 26402 | 1761 10
Swep 1346 | 16705 | 12395 18 Pentanochlor 1673 [ 14105 | 106.05 15 || Proiconazm) 2 1954 | 17284 | 149 1o Indoxacarb 2855 | 26402 | 14803 | 20
Swep 1346 | 21901 | 17402 15 [ hi 1573 | 23905 | 14106 15 Pyraflufen-ethyl 2030 | 41202 | 349.02 15 Ind t 2655 | 32105 | 289.34 10
Trietazi 1348 | 22914 200.14 15 Chlorpyrifos 15.78 25797 16598 20 Pyraflufen-ethyl 2030 349.02 30702 15
Trietazi 1348 | 21404 | 18610 15 Chlorpyrif 1578 | 31405 | 75818 15 Clodinafop-propargyl | 2036 | 34905 | 26604 15 H H HE
e Dimethipin 1353 | 1798 5147 10 i gm“l.;“ 1503 | 2050 188,01 15 Clodinafop-propargyl 2036 | 34905 238.04 15 — Yuur SCIEI'ItIﬁC SWCIEHSt
Bromacil 15.03 207.01 190.01 15 Lenacil 20,70 153.05 136.06 15




SCI Calibration and Detection limit.

Spec

Calibration level : 0.004 ug/ mLto 1.0 ug/ ML (This range represents an analyte concentration of 0.01 to 2.5 mg/kg in the samples)

W1730-1X - 24%e-4: RO 09996 Ongen: igrore: W 1L Ares

Pesticide ‘ RT [min] ‘ S/N @4 ppb
Terbacil 13:83 24
- Alachlor 1478 12
Tolylfluanid 16:75 44
. Pyridaben 2417 83
Sensitivity (LOD)
I: i: | E E
i- i- I i
%3 I | %: :
1 i “ml » e |I_‘“' 1 .“II - ‘Wk -
e rrﬂiﬁfﬂﬂ::*f%ﬁi-lf'- M Sl R

Terbacill

Alachor

Tolyfluanid

Pyridaben
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SCI Sample Result.....

Spec e

SamploMatix | p fostite, | Concnatn

Dried Herbs 0-Phenylphenol 0.017

Dried Herbs Tebuconazol 0.023

Dried Fruit Diflubenzuron 0.049

Dried Fruit Myclobutanil 0.023

Dried Fruit Propargit 0.479 e e
Dried Fruit Tebuconazol 0.081 o o
Dried Fruit Difenconazol 0.013

Dried Herbs Picoxystrobin 0.228

Dried Herbs Picoxystrobin 0.233

Dried Herbs 0-Phenylphenol 0.011

Herbal Tea 0-Phenylphenol 0.014

Herbal Tea 0-Phenylphenol 0.011

Herbal Tea Terbutylazin 0.016

Application note 52291
Your Scientific Specialist




® PY-GCMS

Sci

Spec
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y O
SCl Pyrolyzer

Spec

Information from polymeric Materials by Heating

Information

* Weight loss: TGA
* Enthalpy change: DTA, DSC
— | * Mechanical change: TMA, Dilatometry

> Sample

* Evolved gas

[ volume: EGA ( volume of gas )
qualification & quantification:

Py-GC/MS
TD-GC/MS
Heat energy UV/Py-GC/MS
EGA/MS
Py/MS

Your Scientific Specialist




Sci

Spec

Pyrolyzer

Pyrolysis of Polymeric materials and pyrolyzates

C3 C3 C4 C4

C4’,C4” ... Cx

@ ';' ||'| ||'| ';' AH (Heat energy)
i H-C-C-C-C-H e C02+H20
N o
HHHH Burn in Air
Butane
(MW: 38) ~ C1 c2
In He |;| H H
- | H-C-H é: = CI:
AH I!I 1
(Heat/Electron) . H H
o i s
Polyethylene —— c1, C2’,C2, C3’,C3
(MW: 10,000 ~1,000,000) H'(,: ) (,3 """"" (,3' ?'H
H Hnp H H (Heat/Energy)

n =300~ 30,000
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Sci

Spec

Typical pyrogram of polyethylene at 600°C

Pyrolyzer

Cag| | Cs0
° o 4
097 PY:600°C, Sample: PE (0.24 mg), He : 100 ml/min
. PY/GC ITF, INJ:400°C,5 ml/min
(::30 Column: Polydimethylsiloxane 15 m, 0.53 mm i.d., 0.1um
GC oven: 50- 430°C(40 “C/min), FID
Cia
@
C20
C1o g
o
19 min )
J J J J U\ O W
e — — — v - T ' o T —
2 4 6 8 10 12 14 16 18 min

Your Scientific Specialist




Sci

Spec

Polyethylene

Polystyrene

.ll. N 1 L lnl |‘ Ll

Typical pyrograms

Polypropylene

Ll boudlili

Higher methacrylate copolymer

I ]Lnl“ﬂﬂll

Your Scientific Specialist
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@
SCI Characterization of Polymers by PY-GC/MS

A: ldentification of polymeric materials
Unknown materials (PP/ PVC/ SBR?)

B: Structural characterization of polymers

X  CH,CH=CHCH,] [[CHZCH(CN)]_ [ CH,CH(C H:)] ]_ X

X n m Y
hk d \ t /
chain-en Various monomers
— _
MW / Sequence distributions (x-n-m-n..)
Blend or copolymer (X+Y or X&Y) _[C=C-C-C*-C-C*-C—C_].
IC IC IC IC
C. Mechanisms and kinetics of polymer degradation stereo regularity

D: Qualitative and quantitative analysis of additives

66
Your Scigntific Sgeciailst




Sci

Spec

AN1ELASRY GCMS

® Injector

— Temperature 300 °C

— Split 200:1

— Carrier gas flow 1.0 ml/min
® Oven

— Initial 70 °C hold 1min ramp 1 ; 10
°C/minto 320 °C hold 8 min.

® MS
— Temperature 250 °C

— Scan 35-550 amu.

AAEN19NI5ILATIZYiA8 PY-GCMS

AN19ELATAY Pyrolyzer

Single-Shot Analysis
Furnace Temperature 600 °C

Interface Temperature 300 °C

Sample cup

Your Scientific Specialist




® ng = (- 54 1
SCI UARAUNITLATUANAIDEIN
Spec

Step 1 Step 2 Step 3
Place a sample
in the sample cup Pyrolyzer
Sample cup
. \ 0.1- 0.5mg
Knlfe}/
b @ M GQ

No solvent extraction

Your Scigntific Sgeciailst
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Sci

Spec

suen’ apixoyns jJAuayd |[Ayraw (JAdoudojokojfuaydip-£2)

ddiNg

min
3(ma.1

TICTIC

aualAls |Ay1aN

25.0

aUBJAS auazuaq |Ay13

20.0

auan|ol

GPPS_PY_2

10-0Tim1[ﬁaﬂ1]

5.0

adﬁu{?ss_gonz #11

N

—— L
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Sc. NANIFAATIZULHALNALNUFIUABNAATUNBNLNDS

Spec Hudanas F-Search

% 4100] Unknown Chromatogram/Thermogram of GPPS_PY_2Jcdf (0.050 to 31.119 min)
80-
60
404
20- P
Il ; k_LL ) jl il . .:lu uilL Lo llj-l—h#L",\J‘M — ; :

.

min —= 0 5 10 15

% 4qp] B Rank.1 [Polystyrene ; PS (C1-C40) Qual. 85

80-
60
40
20-

0:-'--1’{["'--L'--"1'|L""'|-'"L'*-rul
min-> 0 N 10 15 20 25 30

Rank.2 : Styrene-butadiene copolymer ABA block, 85% styrene (C1-C40) Qual. 85
Rank.3 : Acrylonitrile-Butadiene-Styrene copolymer ; ABS (C1-C40) Qual.84
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Sci

Spec

suel)’ apixojns JAuayd JAyrow (JAdoidojoAojAuaydip-£‘2)

ddng

min
30@Ba.1

aualAls [Ay1aN

25.0

aualfIgG,,.
auazuaq Ayl

auan|ol

20.0

1S¢'ST- 1Y

HIPS_PY_2

sualpeIng - £'T

10.0Time i)

5.0

0

X G o S

a&jﬁ.ﬁ?SS_ﬁD7lZ #12

]
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Sci

Spec

[%]

min --=

[%]

min --»

Nﬂﬂ’lﬁ‘al,ﬂﬁ"\::ﬁl,ﬁﬂLﬁﬁl‘i_lﬁ"i_lg’lu"ﬁm&a ATUNANLNAS

100-
807
604
40-
20-

duganwas F-Search

Unknown Chromatogram/Thermogram of

D:
0

1009
80-
60
40+
204

| 11 !

5

LWL,

10 15

HIPS| PY_2.cdf (0.050 to 31.099 min)

i L
I T ¥ J T |

10 L5

Rank.2 : Acrylonitrile-Butadiene-Styrene copolymer ; ABS (C1-C40) Qual.86
Rank.3 : Styrene-butadiene copolymer ABA block, 85% styrene (C1-C40) Qual. 86

Polystyrene ; PS (C1-C40) Qual. 86
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Spec

&&:ﬁ.ﬁg}ss_lﬂﬂlz #9 EPS321F_PY_2 = TICTIC
8.6 2 ©
7 B * 2
K X
B. o
- a)
24 399 a3
_4?2 ioNo | S 48 i 3 =
o L9 e : e L
. Igs :
. EERE ;
1 o et min

50 100Timelafly 200 250 3@l

Pentane
Toluene

Ethyl benzene
(2,3-diphenylcyclopropyl) methyl phenyl sulfoxide ,trans

Methyl styrene

Your Scientific Specialist
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S e NANIFAATIZULHALNALNUFIUABNAATUNBNLNDS
c 1 w 4
Spec NIUTRANLLIT F-Search
%] 4904 =~ Unknown Chromatogram/Thermogram of EPS321F_PY_2.cdf (0.051 to 31,082 min)
80
60
40
20 |
03— ’L[ " Llill.il — ll..llethMM
min --= 0 5 10 15 20 25 30
" 100 - Rank.1| Polystyrene ; PS (m-_c#iu) Qual. 81
80
60
404
20
U:-"'-’|'“f“---1"-""'|""=|----|--'r1-
mn-> 0 5 10 15 20 25 30

Rank.2 : Acrylonitrile-Butadiene-Styrene copolymer ; ABS (C1-C40) Qual.81
Rank.3 : Styrene-butadiene copolymer ABA block, 85% styrene (C1-C40) Qual. 81
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Qo
c
(<)
-
..Z‘ TIC TIC
0p]

TP | SSﬁ§O712 #10 SANROPC_PY_2
géifn*i? g
6.
@.
=
g.
g [
=0 N i T
1§ 50

10.07igelmity  20.0 25.0 3(Ba.1
)

2-propenen
EMDP

Toluene

e o il e




Sci

Spec

Nﬂﬂ’lﬁ‘al,ﬂﬁ"\::ﬁl,ﬁﬂLﬁﬁl‘i_lﬁ"i_lg’lu"ﬁm&a ATUNANLNAS

duganwas F-Search

%l 1004
80-
60-
404
201

||

S :
Unknown Chromatogram/Thermogram of SANROPC| PY_2.cdf (0.051 to 31,109 min)

e
T L] 1

min = 0

b

5

,*4~“LJdlhhm@JmUhﬂﬁju”““*”’f;thEM%ﬁb#
15

™ lr e
10 20

1001
80-
60+
40-
20-

Rank.1

OZ

min --= D

-

I.I

5

Acrylonitrile-Butadiene-Styrene copolymer ; ABS (C1-C40) Qual. 80

wam%ﬂ

s
10 15

Rank.2 : Acrylonitrile-Butadiene-Styrene copolymer ; ABS (C1-C40) Qual.79
Rank.3 : Acrylonitrile styrene copolymer ; AS (C1-C40) Qual.76
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SCI mﬁﬂszqﬂﬁﬁl"ﬁ PY-GCMS

Spec

1: Characterization of polymers < 1«?‘_ 7: Biochemistry, microbiology é%
£t
. . aIn
o = .
2: Quality control g _j%f o 8: Coal liquefaction,

energy conservation _

]

uv
3: Degradation/life evaluation of/ "o, H,0% @ 9: Forensic science
polymeric materials @ =

10: Wood science,
pulp industry

4: Recycling of polymeric

materials, biomass utilization

11: Tobacco smoke, W—1D

5: Organic geochemistry toxicology

and soil chemistry

12: Extraterrestrial science

6: Clinical science, pathology

alo

77
Your Scier!tif_ic S_p_ec:igi'tst
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® Analysis PAHSs In extend@r oils

’ Your Scientific
u Specialist



Topics to be discussed

e Introduction PAHSs

« Sample Preparation

« GCMSMS method

* Analysis PAHSs

* LOD&LOQ

« Example of sample result
 Comment

Sci

Spec
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Introduction

» Polycyclic aromatic hydrocarbons (PAHS) in extender oils and tyres are
produced using extender oils that may contain PAHs not added
intentionally.

* PAHSs are considered as toxic substances classified according to
Directive 67/548/EEC as carcinogenic, mutagenic and toxic for
reproduction.

Sci

Spec %



Scope for analysis.

* EU standard specifies a procedure for determination of benzo(a)pyrene
and sum of the eight individual polyaromatic hydrocarbons in extender
olls. listed in Tablel

« Sample Preparation Method : BS EN 16143:2013

Name of PAH Abbreviation CAS Registry number
Benzo(a)pyrene BaP 50-32-8
Benzo(e)pyrene BeP 192-97-2
Benzo(a)anthracene BaA 56-55-3

Chrysene CHR 218-01-9
Benzo(b)fluoranthene BbFA 205-99-2
Benzo(j)fluoranthene BjFA 205-82-3
Benzo(k)fluoranthene BkFA 207-08-9
Dibenzo(a,h)anthracene DBahA 53-70-3

Table 1- List of individual PAHs in extender oils
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PAHSs Consists of 8 natives of PAHSs
"' MW range 228-278 amu (16PAHSs could be up to 300+)

> 7 AN eI
OIOIC!
QO ©QRr© 3
Benzo(a)anthracene Benzo(b)fluoranthene  Benzo(a)pyrene
2 IO ©
© © CICIO

Chrysene Benzo(j)fluoranthene -

%

Dibenzo(a,h)anthracene

Benzo(e)pyreneA
1010
Benzo(k)fluoranthene
CigH1o CaoHiz CaoHiz CooHis
MW. 228 g/mol MW. 252 g/mol MW. 252 g/mol MW. 278 g/mol

Sci
Spec

82



Sample Preparation Process

(1) Prepares sample solution
Weight Sample 70 £ 0.1 mg into Vol. flask 5 ml

Dissolve with 2 ml of n-Pentane and Spike internal Std. (deuterated IS)

(2) Deactivates silica

Deactivate Silica gel by stirring with 7% (m/m) of water for 24 h.

(3) 1st sample extraction (8 Hours)
3.1 Mix deactivated silica (in 2) 5 g with n-Pentane

3.2 Load silica gel into chromatographic column (16 cm. L X 1 cm. ID)*

3.3 Flush silica gel with 10 ml n-Pentane through the column (discard) Pack column Extracting

3.4 Load sample (1) into column (before n-Pentane vanish form silica gel surface).

3.5 Rinse sample container with 2 ml n-Pentane.(not critical) and pour into column.

ROTOR

3.6 Elute sample by Cyclohexane 75 ml (several portion) and collect the eluents.** Jotor

3.7 Evaporate eluent (3.6) under 35 C till final volume 1ml.

e

P

*extended lenth of column to 25 cm. convenient for sample loading

Up

** pressurized with N2 (1 bar est.) for faster elution
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Sample Preparation Process

(4) Sample clean up (Sephadex LH20) (6 hours)
4.1 Mix 5 g. of Sephadex with IPA .. leave for overnight.

4.2 Load Sephadex into chromatographic column (12 cm L X 2.3 cm ID)
4.3 Add 1 ml IPA into (3.7) and load into column.
4.4 Rinse sample vessel with IPA (1 ml) and load into column.

4 5 Elute with IPA at 1 ml/min, Discard the first 24 ml eluent.

4.6 Collect eluent portion (@24-70 ml) in drying vessel

4.7 Evaporate eluent (4.6) under 35 C till nearly dry.

4.8 Add 2 ml Acetone and evaporate till dry. Fraction Dissolved

. . . collecting Solution
4.9 Dissolve with CycloC6 and transfer into 1 ml Vol.Flask

4.10 Add injection standard (DE)* 0.2 ml and make up volume to 1 ml with CycloC6

4.11 Make up volume to 1 ml wth Cyclohexane. G & NNER

4.12 Analyze with GCMSMS.

*DE = Decafluorodiphenyl L
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Instrument Method

GC parameters

Parameter Value

GC-column
Stationary phase

Temperature program

Injection
Injection temperature
Injection Volume

Carrier gas

60 m x 0.25 mm ID x 0.25 pm
17% phenyl-methylpolysiloxane

Initial 90 °C hold 1min
20°C /min to 250 °C
4°C /min to 330 °C hold 10 min

PTV, Splitless

275 °C

1 uL

He UHP grade 1.2 ml/min
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Instrument Method

* Mass Spectrometer : EI — Temp 250 C/ TL Temp 330/

* MSMS — SRM Q1 resolution 0.7 FWHM, Q3 Resolution 0.7 FWHM

Component RT mass product mass Collision energy
Decfluorodiphynly 5.84 333.9 233.9 35
333.9 264.9 25
Benzo(a)antracene-D12 18.46 240.1 212.1 25
240.1 236 30
Benzo(a)antracene 18.53 228.1 202 25
228.1 226 30
Chrysene 18.77 228.1 202 25
228.1 226 30
Benzo(b)Fluoranthene-D12 22.02 264.1 236 30
264.1 260 35
Benzo(b)fluoranthene 22.13 252.1 226 25
252.1 250 30
Benzo(k)fluoranthene 22.22 252.1 226.1 25
252.1 250 35
Benzo(j)fluoranthene 22.36 252.1 226 25
252.1 250 30
Benzo(e)pyrene 23.78 252.1 226.1 30
251.1 250 30
Benzo(a)pyrene-D12 23.89 264.2 236.1 30
264.2 260 35
Benzo(a)pyrene 24.03 252.1 226.1 35
251.1 250 30
Dibenzo(a,h)anthracene 30.23 278.1 276 35
278.1 276.2 50

Sci

Spec

86




TIC

8 PAHs Standard

“IIIIIIIIIIIIIIIII"L“..I

/3
™ .

—

’
/

~
s’

1
30

| L L L L L L L L L
27 28 29

L

L
26

‘_--------------------~
I
25

'4'
T 1
hd
Time

=

23

B T N ————
22
N -

.

1

“lllllllllllllllllllllllllllllllllllllllllllll

—i

L2
L]
L]
L4

T
19

“smsnsnnnnnns®

;}1;24--------.
T 1T
18

*

_.............................................. hd

I
] o o o o o o o (=] o o
[ (s3] =57 P~ w0 T3] =t ™ o™ -

17.36

87

Sci



Chromatogram (1) —Standard 8 PAHs with 3 1S(d12)

Compound Name: Benzo(alanthracene

Area Ratio

Benzo(a)anthracene
Y = 2.631e0X + 8.233e-3; RA2: 0.9997; Origin: Ignore; W: Equal; Area
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25

Compound Name:

Chrysene

Chrysene
Y = 2.762e0X + 1.151e-2; R*2: 0.9998; Origin: ignore; W: Equal; Area
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Chromatogram (2) —Standard 8 PAHs with 3 1S(d12)

Sc

Spec

mpound Name:

30

NN
(=] w

Area Ratio
-
o

05

nzo(b)fluoranthene

Benzo(b)fluoranthene

Y =2.641e0X + 3.023e-3; RA2: 0.9998; Origin: Ignore; W: Equal; Area
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Benzo(k)fluoranthene

Benzo(k)fluoranthene

Y =2.523e0X + 5.708e-3; R*2: 0.9998; Origin: Ignore; W: Equal; Area

Compound Name:

Benzo(j)fluoranthene

Benzo(j)fluoranthene
Y = 2.477e0X + 5.04e-3; R"2: 0.9998; Origin: Ignore; W: Equal; Area
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Chromatogram (3) —Standard 8 PAHs with 3 1S(d12)

Area Ratio

m, nd Name: n i

Benzo(e)pylene
Y = 4.989e0X - 3.665e-2, R*2: 0.9988, Origin: Ignore; W. Equal; Area
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LOD/LOQ

« Calculated from 10 replicate runs of TDAE sample (Treated Distillate Aromatic Extracted)

PAHs (mg/kg)
© © © 2
g @ @ S 0 o 2
2 = £ < = c c
& € € = Q k) =
No. £ 2 g s S > = =
= Q o o o = 2 8
S > = = = ) ) <
© < = = = o o <
=1 G =) < = N N =t
N o o o = c N
c N N N () Q c
g 5 3 g = ® 2
(2] m m 5
1 0.226 0.370 0.198 0.186 0.103 -0.507 0.144 0.125
2 0.220 0.367 0.177 0.165 0.117 -0.510 0.130 0.148
3 0.222 0.361 0.184 0.182 0.127 -0.507 0.137 0.124
4 0.236 0.375 0.194 0.178 0.136 -0.511 0.147 0.149
5 0.221 0.372 0.204 0.168 0.118 -0.518 0.129 0.150
6 0.224 0.366 0.189 0.180 0.117 -0.510 0.129 0.142
7 0.236 0.363 0.192 0.194 0.123 -0.535 0.122 0.139
8 0.221 0.368 0.204 0.178 0.133 -0.509 0.126 0.135
9 0.247 0.369 0.181 0.166 0.118 -0.509 0.125 0.144
10 0.231 0.362 0.202 0.169 0.130 -0.507 0.115 0.147
SD 0.0089 0.0045 0.0097 0.0095 0.0097 0.0086 0.0098 0.0095
LOD 0.0267 0.0134 0.0291 0.0285 0.0291 0.0258 0.0294 0.0286
LOQ 0.0891 0.0447 0.0969 0.0951 0.0972 0.0860 0.0980 0.0955

8 compounds of PAHs have LOQ less than 0.1 mg/kg
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Peak Confirmation

Benzo(a)anthracene

Chrysene

Benzo(b)fluoranthene

Benzo(k)fluoranthene

QC Check

Mer_Pi_ri Berzofajanifracene mvz 226000

Sample spike
3 ul of 0.5 mg/kg

fpike_Sid_TDAE Benzo(ajantiacens miz: 226 000

Sample(TDAE)

TOAE Vi 1 Benzoajantnracens miz 220000
RT. 18,43
100 SN 1250.69 W0+ 100
50 RT. 1647
0 ] SN 16730 20 AT J853
a0 |, w0 a0 ] sn daTs
E g ;E 704 E -/_/Wx‘_
| ] | g g T4 ——
) 1 o ! - > e
£ ] I B e
i i §
I b I ] I b
& a0 ik e & 4
30 X = = 0]
a3 0] 2]
10 — —_ 107 10
5 4 85 05 a7 183 184 s 106 w7 e " . o 7
RTimin) Rlman) RT{min)
Il-b'_PI_rI Chrysene miz 256000 [pwe_Std_TOAE Chrsene miz 226,000 TOAE_VZ_0 Chrysene miz 236000
RT1873 RT1871 RT 1873
SN 140360 Sh 2273 SN 10000
100+ 100+ .
s «] Triphenylene hrysene
|, =] a0
gE 70 E 70 \_/\\\ =
£ e £ 6] P =
§ i =
& a0d = ]
307 — R 1
20] »
=] 0] 10
185 186 97 198 199 125 186 167 ) 189 105 106 167 168 109
RT(min) RT(min) RT(min)
I!-v_Pt_rl Benzodtifuoranthens miz: F50.000 Bpke_%d_TOAE Benzoloiflucranthene miz 250.000 TOAE_VZ_T Benzoibjfiuoraniene miz 250 000
RT. 2208 RT 2205 .
100 SN 45114 100 LY 100 i
%01 %01 %] J\Z\/\'A\-/\
| s0d | s0d a0 P-\_'_\r\f’ =
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Mer_Pi_ri Benzofxjfiucranthens miz 250 000
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TOAE Vi 5 Benzolkduorantnene miz: 250.000

RT 2216 E RT 2214
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Peak Confirmation

Benzo(j)fluoranthene

Benzo(e)pyrene

Benzo(a)pyrene

Dibenzo(a,h)anthracene

QC Check

er_PA_A " Benzofifuoranitens iz 250 000

Sample spike
3 ul of 0.5 mg/kg

Birke_Sw_TOAE Benzoduoraninene nvz 250,000

Sample-TDAE

[TDAE V20 Benzoffuoraninene miz: 250.000
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Result.. Recovery

* Two batches of analysis (2 replicates for each batch) from same sample (RPO)
* Recovery of PAHs : Deuterated IS vs. Injection Standard (Decafluorodiphenyl)
* BIU acceptable recovery is between 50% and 150%

Spec

Internal standard Standard Sample Calculated Acceptable Criteria
amount (mg) amount (mg) of %Recovery Verified

RPO_V1_Re01 RPO_V1_Re02 %Recove ry

Benzo(a)anthracene-d12 4008 4663.572 4719.434 4691.503 117.05 (50-150) Pass

Benzo(b)fluoranthene-d12 4216 5684.548 5493.625 5589.087 132.57 (50-150) Pass

Benzo(a)pyrene-d12 4060 5389.764 5301.968 5345.866 131.67 (50-150) Pass
RPO_V2 Re0l1 RPO_V2_ Re02

Benzo(a)anthracene-d12 4008 3532.543 3532.543 3532.543 88.14 (50-150) Pass

Benzo(b)fluoranthene-d12 4216 3249.254 3249.254 3249.254 77.07 (50-150) Pass

Benzo(a)pyrene-d12 4060 3319.878 3319.878 3319.878 81.77 (50-150) Pass
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Comments

* Complicated & time consuming sample preparation — requires skills and
prone to error

* Improvement in separation (triphenylene vs. chrysene) can be done
upon availability of standard (triphenylene).

« Comparison study of purification between the two steps i.e. Silica Gel
vs. Silica Gel & Sephadex are not so much different.

* New development on sample prep in order to reduce work loads and
improve analysis result.
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