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CONffIDENCE – Project objectives
 To develop a simplified sample preparation

strategy for simultaneous determination of
wide range of contaminants in food and feed
focused on fish and cereal based baby food.

 Implementation of a GC×GC–TOFMS for the determination of 
wide range of contaminants in food and feed.

 Obtain high chromatographic resolution and low 
limits of quantification (LOQ)

 Fasten and simplified sample preparation method.
 Decrease the consumption of chlorinated solvents.
 Decrease the financial cost of analysis.
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Target analytes – CONffIDENCE project

Benzo(c)fluorene
Benzo(k)fluoranthene
Cyklopenta(c,d)pyrene
Dibenzo(a,e)pyrene 
Dibenzo(a,h)pyrene
Dibenzo(a,i)pyrene
Dibenzo(a,l)pyrene
5-Methylchrysene

15+1 EU PAHs

Benz(a)anthracene
Benzo(a)pyrene        
Benzo(b)fluoranthene
Benzo(j)fluoranthene
Benzo(g,h,i)perylene
Chrysene
Dibenz(a,h)anthracene 
Indeno(1,2,3-cd)pyrene

 Non-ortho PCB # 77, 81, 126, 169
 Mono-ortho PCB # 105, 114, 118, 123, 156, 157, 167, 189
 Major PCB # 28, 52, 101, 138, 153, 180

18 PCBs

 PBDE # 28, 47, 99, 100, 153, 154, 183
 HBCD, PBB # 153

16 BFRs
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LIMITS AND REGULATIONS



Time consuming, laborious, high consumption of chlorinated solvents….

ACREDITATED SAMPLE PREPARATION
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Identification &
quantification
1 h / 1 sample

Soxhlet extraction
hexane – dichloromethane

(1:1, v/v)

Gel permeation 
chromatography 

cyclohexane-ethyl acetate

GC/MS (EI)GC/MS (NCI)
GC/MS (EI) 

LC/FLD

PBDE + HBCD PCB PAH Non-ortho PCB 

Soxhlet extraction
hexane – dichloromethane

(1:1, v/v)

GC/MS (NCI)

Clean up on 
silicagel column

Fractionation on 
pyrenyl column

Gel permeation 
chromatography

chlorophorm

Isolation
7h / 10 samples

Clean up
1 h / 1 sample



INTEGRATED SAMPLE PREPARATION

Isolation
10 min

Clean up
30 min

Identification &
quantification

1 h

BFR PCB PAH Non-ortho PCB 

Extraction  
Shaking (H2O + ethyl acetate)

Partition (transfer into organic phase)
MgSO4 + NaCl

Clean up
Silica SPE minicolumn

Identification & quantification
GC×(GC)-TOFMS (EI)

TIME SAVING

SOLVENT VOLUME 
REDUCTION

COST SAVING

 One sample = < 1hour
 Six samples at one time
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Agilent 6890N
Pegasus III, LECO 

Corp.

PAHs

PCBs

PBDEs

TIC (m/z 45-750)

GC-TOFMS (EI) – fish muscle tissue
Spiked  with PAHs, PCBs 

and PBDEs at 1 µg/kg. 
Injected equivalent of matrix

80 mg.



GC×GC-TOFMS (EI) – fish muscle tissue
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PCB m/z 256, 290, 324, 358, 390
PBDE m/z 404, 484, 564, 644,724

Indeno[1,2,3‐cd]pyren ‐m/z 276

Dibenzo[a,h]anthracen ‐m/z 278

Benzo[g,h,i]perylen
m/z 276

Benzo[a]anthracen 
m/z 228

Chrysen ‐m/z 228
Cyklopenta[c,d]pyren ‐m/z 226

Benzo[k]fluoranthen
m/z 252

Benzo[b]fluoranthen
m/z 252

Benzo[j]fluoranthen
m/z 252

Benzo[a]pyren
m/z 252

PAH m/z 178, 202, 216, 228, 242, 252, 276, 302 ▲Bream (Abramis brama) 

Yellow – mono‐ortho PCB Green– non‐ortho PCB
White – major PCB Red ‐ PBDE

▲Smoked trout 

Agilent 6890N
Pegasus III, 
LECO Corp.

PAH

BPX 50 (30 m  0.25 mm  0.25 μm) 
HT 8 (1 m  0.1 mm  0.1 µm)
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Target analytes II

8 Methyl - PAHs

Benzo(c)fluorene
Benzo(k)fluoranthene
Cyklopenta(c,d)pyrene
Dibenzo(a,e)pyrene 
Dibenzo(a,h)pyrene
Dibenzo(a,i)pyrene
Dibenzo(a,l)pyrene
5-Methylchrysene

15+1 EU PAHs

Benz(a)anthracene
Benzo(a)pyrene        
Benzo(b)fluoranthene
Benzo(j)fluoranthene
Benzo(g,h,i)perylene
Chrysene
Dibenzo(a,h)anthracene 
Indeno(1,2,3-cd)pyrene

16 US EPA 
PAHs

Non-ortho PCB # 77, 81, 126, 169
Mono-ortho PCB # 105, 114, 118, 123, 156, 157, 167, 189
Major PCB # 28, 52, 101, 138, 153, 180

PBDE # 28, 47, 99, 100, 153, 154, 183
HBCD, PBB # 153, 

18 PCBs

22 OCPs

Acenaphthene 
Acenaphthylene 
Anthracene
Fluoranthene
Fluorene 
Naphthalene 
Phenanthrene 
Pyrene  

2-methylanthracene
1-methylchrysene 
3-methylchrysene 
5-methylchrysene 
1-methylnaphthalene 
2-mehtylnaphthalene 
1-methylphenanthrene
1-methylpyrene 

Dibenzothiophene    DBT

α-, β-, γ-HCH,
Hexachlorobenzene
Heptachlor
Cis-HEPO
Trans-HEPO
Cischlordan
Oxychlordan
Transchlordan
α-endosulfane

β-endosulfane
Endosulfansulfate
Aldrine
Dieldrine
Endrine
op-DDE
pp-DDE
op-DDD

PBDE # 28, 47, 49, 66, 85, 99, 100, 153, 154, 183,…
HBCD, PBB # 153, PBT, PBEB, HBB, BTBPE, DBDPE

16 BFRs

pp-DDD
op-DDT
pp-DDT



METHOD INNOVATION
BFR PCB PAH Non-ortho PCB 

Extraction  
Shaking (H2O + ethyl acetate)

Partition (transfer into organic phase)
MgSO4 + NaCl

Clean up
Silica SPE minicolumn

Identification & quantification
GC-MS/MS (EI)
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BFR PCB PAH Non-ortho PCB 

Extraction  
Shaking (H2O + ethyl acetate)

Partition (transfer into organic phase)
MgSO4 + NaCl

Clean up
Silica SPE minicolumn

Identification & quantification
GC-MS/MS (EI)

METHOD INNOVATION
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 Clean up - silica SPE minicolumn  
• Elution profiles
• Recoveries 

Dieldrin
Endrin
β-endosulfane
Endosulfansulfate 0
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PCB101 PCB81 PCB77

PCB123 PCB114 PCB153

PCB105 PCB138 PCB126

PCB167 PCB156 PCB157

PCB180 PCB169 PCB189

BDE28 BDE49 BDE47

BDE66 BDE100 BDE99

BDE85 BDE154 BDE153

BDE183 PBT PBEB

HBB BTBPE B[c]Fln

CP[cd]P B[a]A Chr

5MeChr B[b]F+B[j]F+B[k]F B[a]P

I[cd]P DB[ah]A B[ghi]P

DB[al]P DB[ae]P DB[ai]P

DB[ah]P 1MeNaph 2MeNaph

DBT 1MePhe 2MeAnt

1MePyr 1MeChr 3MeChr

Ace Acy Fln

Phe Ant Flt

Pyr

 GC-MS/MS (EI) method development
• Capillary column 
• Injection parameters
• Oven temperature program 
• Ion transitions, collision energies...

Thermo Scientific TSQ Quantum 
XLS triple quadrupole

Column: Rxi-17Sil-ms (30m × 0.25mm × 0.25µm)
Injection: PTV splitless (1µL)
Oven temperature: 80°C (2min), @30°C/min to 240°C, 

@ 10°C/min to 340°C (20min)
Carrier gas: helium (1.3mL/min)
Source temperature: 250°C
Emission current: 50µA



GC-MS/MS (EI) – PCBs + OCPs
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Thermo Scientific TSQ 
Quantum XLS triple 

quadrupole

Time (min)
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GC-MS/MS (EI) - BFRs
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Thermo Scientific TSQ 
Quantum XLS triple 

quadrupole
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GC-MS/MS (EI) - PAHs
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Thermo Scientific TSQ 
Quantum XLS triple 

quadrupole
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VALIDATION STUDY
Procedure blank
With each batch of six samples, the procedure blank was prepared.

Recovery (%) and repeatability RSD (%)
 Fish muscle tissue spiked with all target analytes at two

concentration levels (n=6).
 Level 1 and 2 = 1 and 5 μg/kg

LOQ (µg/kg), linearity (R2), …

Final independent control - trueness
Trout



LIMITS OF QUANTIFICTION (LOQ)

Agilent 6890N
Pegasus III, LECO 

Corp.

Thermo Scientific TSQ 
Quantum XLS triple 

quadrupole
Agilent 6890N 

Agilent 5975 Inert XL MS

   GC-MS/MS 
(1µL)

     GC-MS    
(1µL)

GC-TOFMS 
(1µL)

GC-TOFMS 
(8µL)

GC×GC-
TOFMS  (8µL)

B[a]P 2.0 µg/kg 0.01 µg/kg 0.05 µg/kg 1 µg/kg 0.1 µg/kg 0.01 µg/kg 

Other PAH N/A 0.005-0.5 µg/kg 0.05-0.5 µg/kg 1-10 µg/kg 0.1-0.5 µg/kg 0.01-0.1 µg/kg 

Σ dl -PCB  2 ng TEQ/kg 1.1 ng TEQ/kg 56 ng TEQ/kg 559.7 ng TEQ/kg 12.9 ng TEQ/kg 1.3 TEQ/kg 

PBDE < 0.2 µg/kg 0.01-0.1µg/kg 1-5 µg/kg 10 - >10 µg/kg 0.5-10 µg/kg 0.025-5 µg/kg 

 Analytes Desired LOQ 
CONff IDENCE

Achieved LOQ



CONCLUSIONS & FUTURE PLANS
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A simple, fast and cheap method for simultaneous determination of
PAHs, PCBs, OCPs and BFRs has been optimized and validated.

6 fish muscle tissue samples can be processed within 1 hour.

No special equipment brand/model is required for realization of the
analysis.

GC-fast TOF MS was used at first, nevertheless, other common GC-
MS systems – e.g. equipped with MS/MS QqQ mass analyzers can 
be used for examination of sample extracts.

No “confirmation” method is needed; analytes can be conclusively
identified, as well as quantified.



Thank you for your kind attention….

kamila.kalachova@vscht.cz
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