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ENVIRONMENTAL
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Environmental contaminants in surface waters

Automated Sample Preparation followed by
sensitive GC-MSMS analysis
 Analyze samples in a fast and cost-effective way

 Save on solvent cost and minimize sample preparation time

 No compromise on sensitivity, robustness or quality control

Thermo Scientific AN 10591 – Automated Sample Preparation followed by sensitive
GC-MS/MS analysis for environmental contaminants in surface waters
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Old methods with OC or Split/Splitless Injection

• cost pro sample for these methods
- 2 spe colums
- ~ 700 ml solvent

• a lot of
- (big) non-disposable sample bottles
- hours for collecting samples and manual sample preparation
- GC/HPLC systems

• don’t forget
- waste
- physical loads with sample collection
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A recipe for lower costs in your laboratory

• PTV injector for large volume injection

• Tri-Plus RSH for automatic sample preparation

• GC1300/1310, dual-column configuration for optimizing sample capacity

• TSQ9000 for sensitivity

• Tracefinder 4.1 for automated data analysis

• LIMS connection



6 Proprietary & Confidential

In-vial liquid-liquid extraction

Fully Automated Sample Preparation

Sample (10mL)
was pipetted
into a 20mL

headspace vial

A mix of IS was
added

Pentane (2mL)
was added as

extraction
solvent

The sample was
vortexed for 1

min (2000
cycles/min)

5 min of phase
separation

waiting time
followed by

Large Volume
injection (50uL)

Triplus RSH sample handling procedure was developed by SampleQ™ (Breda, NL) in collaboration with Het Waterlaboratorium
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GC-MS Experimental conditions
Trace1310 GC

TSQ 9000

• TraceGOLD™ TG-5-SilMS 60m, 0.25mm ID, 0.25 um (p/n 26096-1540)

• LinerGOLD™ GC Sintered Liner (p/n 45352060)

• Triplus RSH™ Autosampler equipped with different syringe types and vortex mixer
was used for a fully automated sample preparation
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GC-MS Experimental conditions

Internal Standard Mixture:

• 2,4 dichlorotoluene
• D10-acenaphtene
• D10-anthracene
• D10-phenanthrene
• D12-benzo (a) pyrene
• D12-chrysene
• D3-PCB101
• D4-DDD
• D8-naphthalene

Spiked water samples were used to
determine the linearity of 60 compounds of
interest:

• Level 1: 5 ng/L water (1.25 pg on column)
• Level 2: 20 ng/L water (5 pg on column)
• Level 3: 100 ng/L water (25 pg on column
• Level 4: 200 ng/L water (50 pg on column
• Level 5: 400 ng/L water (100 pg on column)
• Level 6: 600 ng/L water (150 pg on column)
• Level 7: 800 ng/L water (200 pg on column)
• Level 8: 1000 ng/L water (250 pg on column)

Samples Sequence
completed with:

• 10 vials with surface water
spiked at 100 ng/L

• 10 vials with surface water
spiked at 10 ng/L

• Surface Water Blank
• Quality Control (QC)

standard

50 injections to establish linearity, repeatability and instrument detection limits
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Linearity in the range 5 – 1000 ng/L
Heptachlor at the

lowest level of 5 ng/L
Hexachlorobutadiene at
the lowest level of 5 ng/L

p,p’-DDD at the lowest
level of 5 ng/L

R2=0.9999R2=0.9997R2=0.9988

Excellent linearity with R2 > 0.997 for all the 60 compounds
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Repeatability and IDL

Compound %RSD at
100 ng/L

IDL in
ng/L

1,3-dichlorobenzene 0.81 0.68

1,4-dichlorobenzene 1.13 0.63

1,2-dichlorobenzene 1.00 0.40

hexachloroethane 3.39 1.03

1,3,5-trichlorobenzene 1.07 0.84

1,2,4-trichlorobenzene 1.51 1.51

naphthalene 0.87 4.55

hexachlorobutadiene 1.16 0.22

1,2,3-trichlorobenzene 1.58 1.33

1,2,3,4-tetrachlorobenzene 0.73 0.92

1,2,4,5-tetrachlorobenzene 0.79 1.28

acenaphthylene 1.91 3.25

acenaphthene 0.66 1.22

pentachlorobenzene 1.30 1.20

fluorene 1.41 8.63

diphenylamine 1.45 1.93

alpha-HCH 2.26 1.02

hexachlorobenzene 3.76 0.80

beta-HCH 3.23 1.36

gamma-HCH 3.83 0.91

Compound %RSD at
100 ng/L

IDL in
ng/L

propyzamide 2.36 3.68

pyrimethanil 1.52 0.97

phenanthrene 1.36 2.70

anthracene 1.94 2.53

PCB-28 0.79 0.51

alachlor 2.49 2.12

heptachlor 1.98 1.05

PCB-52 1.09 0.83

aldrin 3.75 0.74

cyprodinil 1.40 1.78

cis-heptachlor epoxide 2.02 2.67

trans-heptachlor epoxide 5.48 17.84

fluoranthene 1.50 5.16

PCB-101 1.73 0.79

alpha-endosulfan 3.62 3.01

pyrene 3.72 4.14

p,p'-DDE 1.28 0.81

kresoxim-methyl 2.38 1.61

bupirimate 3.13 1.27

dieldrin 3.67 3.49

Compound %RSD at
100 ng/L

IDL in
ng/L

endrin 3.11 5.64

PCB-118 1.76 0.53

p,p'-DDD 2.09 1.37

beta-endosulfan 2.29 4.04

PCB-138 1.69 0.36

p,p'-DDT 5.56 8.79

PCB-153 1.18 2.30

piperonyl-butoxide 2.35 3.71

fluxapyroxad 1.83 1.78

benzo(a)anthracene 4.58 3.51

chrysene 4.23 3.17

PCB-180 3.65 0.89

isopyrazam 5.90 1.32

benzo(b)fluoranthene 1.41 4.22

benzo(bk)fluoranthene 2.19 2.98

benzo(k)fluoranthene 2.38 1.25

benzo(a)pyrene 1.56 1.63

indeno(123-cd)pyrene 2.15 1.32

dibenzo(ah)anthracene 1.49 2.61

benzo(ghi)perylene 2.49 1.38

Excellent repeatability with average RSD% = 2.2 (10 repeated extractions + injections)
Excellent detection limits with average IDL = 2.4 ng/L
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From old method to new method

Decreasing sample volume and solvents – logistic & costs

Sample Volume: 100-1000mL             10 mL
Solvent Volume: 250mL                      2 mL
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FOOD & BEVERAGE
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Sensitive and robust determination using
Advanced Electron Ionization technology
 GCMS solution with excellent sensitivity against fatty matrix

 High robustness for consistent response over time for longer

 No compromise on sample throuput and productivity

Thermo Scientific AN 10589 – Routine determination of phthalates in vegetable oil by single
quadrupole GC-MS

Phthalates in cooking oil by
Single Quadrupole GC-MS
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Why Phthalates

• Phthalates are a class of industrial chemical used as plasticizers
i.e., substances added to plastics to reduce the rigidity of certain
polymer products specifically polyvinyl chloride PVC.

• Due to the lipophilic nature of this class of compounds there is a
much greater likelihood of finding phthalates in fatty food
products such as cooking oils

• Phthalates are linked to adverse health effects due to their
endocrine mimicking properties and this has lead to concerns in
regards to their presence in foods through contact with
packaging and via processing means

• The European food safety authority (EFSA) panel on food additives, processing aids, flavorings and
materials in contact with food have undertaken evaluations of the safety of food contact materials
(FCM) at set limits for phthalates in these materials at <0.1% w/w. In China and Taiwan the limits
are set at 1 ppm in food products.
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Analytical challenges

• Cooking oils are complex mixtures of triacyl glycerides that are difficult to chromatograph and
are extremely challenging for direct GC-MS analysis in terms of selectivity, sensitivity and
robustness.

• Phthalates are ubiquitous in the environment therefore great care must be made to limit the
sources of contamination.

• Separation and quantitation of phthalates can be difficult as there are several types of closely
related phthalates with similar structures. They also share similar ions therefore optimized
chromatographic separation is required.
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Operative Conditions

Simplified liquid-liquid extraction was conducted without any post cleanup

Due to the enhanced ISQ7000-AEI sensitivity, the extract can be diluted more, still
achieving sub ppb limits of detection
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Operative conditions

High MS temperature and reduced emission current increase the robustness
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Chromatography

DMPDMP DINP + DIDPDINP + DIDP

Separation of structurally similar phthalates is achieved in under 20 mins

Mixture of isomers
requiring SIM
selectivity for
quantification
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TIC chromatogram of vegetable oil extract

Hexane blank

Vegetable oil hexane extract

The complexity of the sample matrix requires selective ion monitoring mode (SIM)

149149

167167

279279
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Regulated Phthalates - ISQ 7000 AEI

ISQ 7000 IDL determined by repeatedly injecting (n=18) the 0.1 ng/mL and 25 ng/mL standard and using the Student’s-t critical values for the
corresponding degrees of freedom (99% confidence)

ISQ 7000 AEI LOQ determined as the lowest concentration level with peak RSD < 15% and ion ratios within 15% of the expected values, as
average across the calibration curve ranging from 0.5 to 250 ng/mL

• Detection limits as low
as 0.01 ppb are
achievable in SIM

• IDL at sub-ppb level for
most of the compounds
(14 phthalates tested)
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ISQ 7000 AEI

LOQ (ng/mL)
ISQ 7000 AEI
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Linearity of response

• Linearity was assessed for 2x repeat injections per calibration point for range of 0.5–250 ng/mL (5-
2500 ng/g in vegetable oil).

• In all cases the coefficient of determination (R2) was >0.998 with an average value of R2 = 0.999
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Phthalates in Vegetable Oil - Robustness

• Over n=100 repeat injections of a 50 ng/mL spiked vegetable oil extract QC showed
excellent ion ratio stability over a period of 5 days

• The precision of the ion ratios was within ±10% which indicates excellent system stability

Ion ratio as peak area of m/z 149/ m/z 167

Day 1Day 1 Day 2Day 2 Day 3Day 3 Day 4Day 4 Day 5Day 5

Excellent source  robustness over a full working week
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Nitrosamine Analysis in drinking water

Sensitivity and selectivity of GC-MSMS
analysis
 AEI source to reach IDL down to low ppt level

 LOQ at sub ppt level in the sample

 Quantitative performance on a routine base

Thermo Scientific AN 10615 – Unparalleled performance of Advanced Electron Ionization
GC-MS/MS technology for the determination of nitrosamines in drinking water
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What are nitrosamines?

• Emerging drinking water contaminants and certain congeners are probable human
carcinogens.

• Used in various industries to manufacture cosmetics, pesticides or rubber
products.

• Often formed as by-products during industrial processes such as chloramination
of wastewater and drinking water.

N-Nitroso-Dimethylammine
(NDMA)



25 Proprietary & Confidential

Regulations for nitrosamines

• Listed as priority pollutants and included in some drinking water regulations (such as
Australia).

• Revised calculated screening level from 0.70 down to 0.42 ng/L for NDMA

• US EPA added NDMA to its UCMR 2 and candidate list 3 (CCL3), requiring many
large water utilities to monitor for it.
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Ion trap

Chemical
ionization[M+H]+

Current methodology

DETERMINATION OF NITROSAMINES IN DRINKING WATER

M+
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What solutions are there?

Q Exactive/ Exactive Orbitrap GC TSQ 9000 GC-MS/MS AEI

• < 6 fg OFN instrument detection limit (Full Scan)
• Resolving power of up to 100,000 (FWHM) at m/z 272
• Routine sub ppm mass accuracy
• Dynamic range >106

• < 0.4 fg OFN instrument detection limit (SRM)
• Tuning down to 0.4 amu
• Dynamic range >107

• Up to 800 SRM transitions/ s

Low level quantification of NDMA and non-targeted
contaminants screening by Orbitrap GC-MS - 2016

Ultra Sensitive determination of nitrosamines in
drinking water with GC-MS/MS - 2018
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Standard preparation

• To test the limit of detection (LOD) and to assess the linearity of the method,
individual nitrosamine standards including NDMA d-6 surrogate were purchased

• Nine calibration levels: 0.05, 0.10, 0.20, 0.50,1.0, 2.0, 5.0, 10, 20, 50, and 100 pg/μL

• NDPA-d14 was also spiked in as an internal standard at 25 pg/μL



29 Proprietary & Confidential

Sample preparation

• Solid phase extraction (SPE) was performed using activated charcoal SPE based on adapted
EPA 521 methodology on seventeen drinking water samples.

• (LOQ) was assessed by fortifying ultra-pure water with nitrosamines at 0.1 and 0.5 ng/L (step 2).
Similarly, recovery was assessed by fortifying water at 50 ng/L (step 2).
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GC-MS consumables

Consumables Part number

Column Thermo Fisher Scientific™ TraceGOLD™ TG-1701MS (30m x 0.25mm x 0.5 µm) 26090-2230

Liner Restek Carbofrit splitless liner NA

Inlet base seal Thermo Fisher Scientific™ Gold seal 290GA081

Inlet septa Thermo Fisher Scientific™ BTO™ low bleed septa 31303233

MS transfer line nut Thermo Fisher Scientific™ Spring loaded high temperature transfer line nut 1R120434-0010

Column inlet ferrules Thermo Scientific™ 15% Graphite 85% Vespel 0.1-0.25 mm ID 290VA191

Column MS ferrules Thermo Scientific™ 15% Graphite 85% Vespel 0.1-0.25 mm ID 290VT221

• For all experiments described Thermo Scientific™ chromatography consumables were used.

• Ultra inert GC consumables were selected from the TraceGOLD™ range.
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GC and MS conditions
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Chromatography

• *oc = on column, solvent standard, overlay of quantification SRM transitions.
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Sensitivity

• Solvent standard 0.01 pg/uL

• t-score = 2.624

• n=15 injections

• n=14 degrees of freedom

• 99% confidence level

• Peak area % RSD < 15%

Excellent sensitivity for nitrosamines using the AEI source

IDL = 5 fg
NDMA
(74 → 44 m/z)
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• Solvent standards 0.01-0.1 pg/uL, t-score = 2.624, n=15 injections, n=14 degrees of freedom, 99% confidence
level and peak area % RSD < 15%.
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Linearity of response

Excellent linearity, R² > 0.999 and RF % RSD < 5%

• Solvent standards

• 0.05-20 pg/uL

• IS adjusted with NDPA
d-14

• No weighting applied
as RRF was used

• Triplicate injections per
level
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Calculated LOQ concentration in sample

**derived from average ion ratio across calibration range 0.05-20 ng/L, n=10 injections of tap water spiked at 0.1
ng/L pre-extraction, t-score= 2.821, n=9 degrees of freedom.
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Method accuracy

108

83

111

81

97
90 84

0

20

40

60

80

100

120

140

NDMA NMEA NDEA NDPA NPYR NPIP NDBA

M
ea

n 
%

 re
co

ve
ry Mean

• Mean % recovery determined from three separate nitrosamine fortified water extractions at 50 ng/L. NDMA d-6
and NDEA d-10 surrogate standards were spiked into 1 L of water at 25 ng/L to correct recoveries for NDMA
and NDEA.
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Mean recovery = 93 %



38 Proprietary & Confidential

• Instrument detection limits for nitrosamines in solvent standards varied between 3-60 fg OC

• The LOQ for the method was set at between 0.1 and 0.5 ng/L for nitrosamines in drinking
water

• Compound recoveries were found to be between 81% and 111%, well within the set method
performance limits of 70–130%.

• Seventeen drinking water samples from different water treatment plants across Europe
were quantified and total nitrosamine content ranged between 0.9 and 4.5 ng/L.

In summary

Together these results demonstrate excellent sensitivity and the ability to reduce
extraction volumes or dilute the sample in the case of complex matrices.



39 Proprietary & Confidential

TOXY / FORENSIC
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Sensitive and robust unknown screening
workflow using Advanced Electron Ionization
 High-throughput unknown screening of urine samples

 High sensitive full scan acquisition and signal deconvolution

 Simple and fast SPE as sample prep

Thermo Scientific AN 10592 – Sensitive screening of DoA in human urine by GC-MS following a
simple SPE

Analysis of Drugs of Abuse (DoA) by
Single Quadrupole GC-MS

For Forensic Use Only.
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DoA with ISQ7000-AEI GCMS

LVR- Clinic Viersen Pharmacy and Laboratory (Germany)

• Determination of Asservates with GC-MS
• Mostly: Urine Samples
• Rare: Drug Screening in Serum
• No analysis of hair

For Forensic Use Only.
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SPE Sample Preparation
3  ml urine +30 µl
ß-Glucuronidase
Incubate at 56 °C

for 30 min

Conditioning with
3ml Methanol

Pre-equilibration with
formic acid 0,1 %

Sample application Rinsing:
1 ml formic acid 0,1 %
0,5 ml Methanol/Water

50:50 + 0.1 % formic
acid

Analyte Elution with
2 x 1,5 ml

5 % NH3 /Methanol at
pH 9

Evaporate the eluate at 65°C
under air stream. Dissolve extract

with 50 µl Methanol, centrifuge
the sample before inject 1 µl into

the GC-MS system

Thermo Scientific™
HyperSep™ Verify CX
Cartridges

200 mg sorbent bed
3 ml volume

p/n 60108-777

For Forensic Use Only.
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GC-MS Experimental conditions

Trace1310 GC Oven ISQ 7000 - AEI

• Trace™ TR-DoA 35MS  (p/n 26AF130P)
15m, 0.25mm ID, 0.25 um

• LinerGOLD™ GC Focus Liner
(p/n 453A-1255-UI)

• Triplus ™ 100 LS  Autosampler (1uL injection)

• Thermo Scientific™ Chromeleon™
Chromatography Data System (CDS)

• AnalyzerPro® software to perform
automated MS signal deconvolution



44 Proprietary & Confidential

Urine sample from a forensic case study

For Forensic Use Only.
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Urine sample from a forensic case study of Heroin consumption

For Forensic Use Only.
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Detection of Legal High

EU drug report 2017 on seized drugs

• Legal highs are new psychoactive drugs that
contain various chemical ingredients, some
of which are illegal while others are not.

• They produce similar effects to illegal drugs
like cocaine, cannabis and ecstasy, but are
structurally different enough to avoid being
controlled under the Misuse of Drugs Act.

• They are either stimulants (making users feel
energized), sedatives (making users feel
relaxed or euphoric), or psychedelics
(altering perceptions and making users
hallucinate)

For Forensic Use Only.
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Detection of Legal High

How to identify new drugs of abuse ?

Unknown mass spectrum in the analysis

Free Nist Format Libraries on the web
https://www.caymanchem.com/app/template/SpectralLibrary.vm

Scientific working group for the analysis of seized drugs
http://www.swgdrug.org/ms.htm

For Forensic Use Only.
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Detection of Legal High

Synthetic Cannabinoids

• Used as legal alternative to Marijuana

For Forensic Use Only.

Characteristics of synthetic cannabinoids:

They are more potent than THC:

• JWH 018 is 4 times more potent than THC

• AB- Fubinaca is 40 times more potent than THC

• AMB- Fubinaca is 85 times more potent than THC
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Analysis of a herbal mixture

For Forensic Use Only.
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Urine sample from a subject who consumed a herbal mixture

For Forensic Use Only.
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Urine sample from a subject who consumed a herbal mixture

For Forensic Use Only.
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Synthetic Opioids

For Forensic Use Only.

Synthetic Opioids:

• U 47700

• Acrylfentanyl

• Ocfentanyl

• Carfentanyl

Fentanyl derivates are responsible for
the increase of drug related deaths
in the USA and Canada
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Synthetic Opioids – Urine sample acrylfentanyl

For Forensic Use Only.
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ISQ 7000 AEI - High sensitivity and high robustness GC-MS

For Forensic Use Only.

GC-MS Maintenance:

 daily: tune check (incl. air/ water tune)

 daily: standard sample with Morphin as
sensibility check

 every 10 urine samples another standard
sample

 every 50 urin samples: liner change

 every 150 urine samples full tune

 every 600 urine samples clean the source
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