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The following sample extraction methods have been reported for CP analysis in the literature. 


Other variations, e.g. different combinations of solvents, different pressure gradients, 


temperatures or durations might be possible – if there is already a similar protocol for sample 


extraction in use at your laboratory, testing that one for contamination issues and recovery is 


highly encouraged. 


 
Table 1: Methods working without automated systems or specific instruments. 


 


Extraction method Advantages Disadvantages Ref. 


Soxhlet  
extraction1 


 


 Robust method 


 In almost all labs 
available 


 Time consuming (up to 48 
hrs extraction time) 


 Needs large amounts of 
solvents 


 Uses DCM or n-Hex/DCM 


 Additional lipid separation 
necessary (GPC) 


[1–6] 


Cold 
extraction 


 


 No DCM necessary  Additional lipid separation 
necessary  


[7,8] 


Glass 
column 
extraction 


 


 Can be individually 
adjusted to sample 
type (modular) 


  
  


 High costs through solvents 
and material 


 Time intensive, especially 
including the pre-cleaning of 
material (glass ware etc.) 


 Additional lipid separation 
necessary  


[13] 


 


Soxhlet or Twisselmann hot extractions are in some cases also available in (semi-) automated 


form; here it is important to check the instruments for blank levels as part of method 


development! 


                                                           
1 Figure taken from http://community.asdlib.org/imageandvideoexchangeforum/files/2013/07/Figure7.24.jpg, last checked 
17.10.2016 
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Table 2: Methods needing automated systems or specific instruments. 


 


Extraction method Advantages Disadvantages Ref. 


ASE/PLE/PFE
2 


 


 Fast method (10-20 min) 


 No additional lipid 
separation 


 Successful extractions 
without DCM have been 
reported 


 Expensive equipment 


 Depending on equipment 
only extraction of small 
samples possible 


 Risk of high CP 
background levels 
(through thimbles, 
cartridges, seals…) 


[9–12] 


MAE3 


 


 Fast method (15 min) 


 Uses n-Hex/acetone 


 No additional lipid 
separation  


 Rare and expensive 
equipment 


 Possible error at decanting 
step  


[6] 


 


                                                           
2 Figure taken from Thermo Scientific Dionex ASE 150 and 350 Systems Brochure, 2013. 
3 Figure taken from Letellier, M.; Budzinski, H., Analysis, 1999 (27), 259. 
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Manual sample preparation 


The following sample preparation protocol is one of those currently in use at the EURL and 
also the one demonstrated during training. 
 


Material Source 


Dichloromethane and n-hexane in residue analysis grade LGC Standards (Wesel, Germany) 


Silica gel 60 (230-400 mesh) for pesticide analysis Carl Roth (Karlsruhe, Germany) 


Florisil PR (60-100 mesh) for pesticide analysis Carl Roth (Karlsruhe, Germany) 


sodium sulphate (anhydrous, analytical grade) Carl Roth (Karlsruhe, Germany) 


concentrated sulphuric acid (analytical grade) Carl Roth (Karlsruhe, Germany) 


1,5,5,6,6,10-13C10-hexachlorodecane (0.1 ng/µL in 
cyclohexane) →recovery standard 


Cambridge Isotope Laboratories 
(Tewksbury, MA, USA) 


ε-hexachlorocyclohexane (ε-HCH, 0.05 ng/µL in 
cyclohexane) →injection standard 


Dr. Ehrenstorfer (Augsburg, 
Germany) 


glass wool Merck (Darmstadt, Germany) 


folded filters  


 
Material preparation: 
 
glass wool, folded 
filters 


extraction with dichloromethane (3x 8 hours, fresh solvent each day), 
then drying in a dust reduced environment 


Dichloromethane and 
n-hexane 


can be used a bought (check each batch for contamination!), 
recycling: pre-distillation through rotary evaporators to remove fat or 
glass wool residues is recommended before proper distillation 


silica gel, Florisil, 
sodium sulphate 


Heating in an oven at 600°C (12h), and then holding 130°C for 6h. Fill 
the heated chemicals into glass bottles for storage at 130°C. 


silica gel/H2SO4 Mixture with 44% sulfuric acid: 
add for example 17,6g (=9,6 mL) sulfuric acid to 22,4 g heated silica 
gel and shake immediately for approx. 5 min. The mixture then is 
being shaken overnight in an overhead shaking device. 


Florisil/H2O Mixture with 1.5% water: 
add for example 3,0 g (=3,0 mL) deionised water to 197 g heated 
Florisil and shake immediately for approx. 5 min. The mixture then is 
being shaken overnight in an overhead shaking device. 


glass ware, spatulas all glassware is heated at 435°C overnight, and store covered with 
aluminium foil to keep dust  out. Directly before use, rinse glassware 
twice with dichloromethane or n-heptane. 
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Cold extraction: 
 
10-20 g homogenized sample is weighted into a 150 mL beaker. Using a glass syringe, 100 


µL recovery standard is added to the sample. It is then mixed with anhydrous sodium sulphate 


using a glass stirring rod until the mixture is dry and flaky. DCM/n-hexane (1:1, v/v) is added 


to the beaker until there is approx. 1 cm supernatant, and then the mixture is strongly stirred 


for two minutes. After some resting time, the supernatant is decanted through a folded filter 


containing one tablespoon of sodium sulphate into a 250 mL round bottom flask. The extraction 


process is repeated at least two times. 


 
Lipid removal: 
 
The sample extracts are reduced using rotary evaporation until either pure oil or no more than 


1.5 mL solvent/fat mixture is left. For lipid removal, a glass column (no tap or glass/Teflon tap) 


is filled with glass wool, sodium sulphate, silica gel/H2SO4 and sodium sulphate again 


according to the following scheme on the right. Since the silica gel mixture is added in solution 


to the column, all further steps are to be taken without letting the column run dry to avoid cracks 


in the packaging. 


 


The sample extract is added to the column with a 


glass pipette, while the round bottom flask is 


being washed three times with 2 mL DCM/n-


hexane for a quantitative transfer. Another 250 


mL round bottom flask is placed below the 


column, and then 2x 10 mL and 80 mL DCM/n-


hexane are added in sequence. When there is 


less than 1 cm supernatant on the column, the 


next batch of solvent can be added. After the last 


batch of DCM/n-hexane, the column can run dry. 


This column is able to handle up to 1.5g lipid on-


column comfortably. 


 
 


Frozen samples  Dried samples with solvent 


supernatant 


Filtered sample extracts 


ca. 1 g Na2SO4 


30 g silica gel/H2SO4 pre-solved in 


30ml n-Hex/DCM (1:1 v/v) 


 
ca. 1 g Na2SO4 


Glasswool plug 







 


Guidance Document on CP Analysis 
Annex II v1.7.3 


30 June 2021 Page 4 of 7 


 


Removal of co-eluting contaminants: 
 
After reducing the silica gel extract to 1.5 mL using rotary evaporation, the samples can be 


added to a glass column containing glass wool, sodium sulphate, and Florisil/H2O according 


to the scheme on the right. All components of this column can be packed dry, so that light 


shaking or knocking of the column is necessary to ensure tight packed materials. After pre-


conditioning the column with 30 mL n-hexane, the sample extract is added (again with 3x 2 mL 


of the same solvent used to ensure quantitative transfer).  


 


The first fraction of this column is eluted with 75 mL n-hexane 


followed by 5 mL dichloromethane and contains PCBs, 


toxaphenes and similar compounds. It is discarded. The 


second fraction is eluted with 60 mL dichloromethane until 


dryness into 100 mL pear shaped flasks with an extension. This 


fraction is then evaporated almost to dryness using first the 


rotary evaporator and then a gentle nitrogen stream. At last, 


100 µL of the injection standard is added to the last drop of 


extract and quickly mixed. This mix is then transferred to a vial 


and ready for measurement. 


 
 


ca. 1 g Na2SO4 


16 g Florisil/H2O 


ca. 1 g Na2SO4 


Glasswool plug 


Finished silica gel/ H2SO4 


columns  
Columns with pear 


shaped extended flasks 


Finished columns combining silica gel 


and Florisil for a quicker workflow 
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It is possible to combine lipid removal and removal of co-eluting contaminants into one column, 


reducing the number of working steps and therefore quickening the workflow. The combined 


method/ workflow is as follows: 


 


 


Removal of lipids and co-eluting contaminants: 


 


For the combined approach, a glass column (no tap or 


glass/teflon tap) is filled with glass wool, sodium 


sulphate, Florisil/H2O, acidified silica gel, water free 


silica gel and sodium sulphate again according to the 


scheme on the right. Please note: water free silica gel 


is electrostatic and a very fine powder that should only 


be handled wearing an FFP2 class breathing mask or 


working under a fume hood.  


After pre-conditioning with 40 mL n-Hex, the sample 


extract containing fat, solvent and recovery standard is 


added to the column (with 3x 2 mL of the same solvent 


used to ensure quantitative transfer). The first fraction 


eluted with 50 mL n-Hex followed by 10 mL DCM 


contains PCBs and similar compounds and can be 


discarded.  


 


The second fraction containing CPs is eluted with 50 mL DCM directly into a 100 mL pear 


shaped flask with an extension. This fraction is then evaporated almost to dryness using first 


the rotary evaporator and then a gentle nitrogen stream. At last, 100 µL of the injection 


standard is added to the last drop of extract and quickly mixed. This mix is then transferred to 


a vial and ready for measurement. 


ca. 1 g Na2SO4  


8 g Florisil/H2O 1.5% 


ca. 1 g Na2SO4  


Glass wool plug 


7 g silica gel/H2SO4 44% (dry) 


6 g water-free silica gel (pre-


solved in n-Hex) 
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Alternative sample preparation using automated systems 


The following sample preparation is the method used at CVUA-MEL for the determination of 


CPs. Fat extraction is performed according to the manual preparation method described 


above. Accordingly, the preparation described here refers only to the clean-up steps after fat 


extraction. 


Material Source 


Dichloromethane and cyclohexane in 
residue analysis grade 


LGC Standards (Wesel, Germany) 


SMART Column for Dioxin Analysis 
(product number: 14307)  


LCTech GmbH (Obertaufkirchen, Germany) 


Florisil Column for Dioxin Analysis 
(product number: 13807)  


LCTech GmbH (Obertaufkirchen, Germany) 


 


Instrument: 


DEXTech (automatic sample preparation system) LCTech GmbH (Obertaufkirchen, 


Germany) 


Please note: the method described here can also be adapted for later models, including 


DEXTech Plus and DexTech Pure. 


 


 


 


 


 


 


 


 


 


DEXTech system with four 


positions for the installation of 


different columns. 


                                           


column position 1 


(SMART column) 


 


column position 2 


(Florisil column) 


column position 3 


column position 4 
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Lipid removal: 


The SMART column (silica column with sulfuric acid) is inserted into the DEXTech system in 


position 1. A weight of up to 1 g of the extracted fat is weighed and dissolved in 5 mL of 


cyclohexane. The column used is capable of handling up to 1 g of lipid. The solved sample is 


injected into the sample loop using a 10 mL syringe. The following programme is then started 


on the DEXTech system: 


step solvent flow time 


column conditioning cyclohexane/DCM v/v 1:1 7 mL/min 5 min 


first fraction (discarded) cyclohexane/DCM v/v 1:1 7 mL/min 1 min 


second fraction (to be collected) cyclohexane/DCM v/v 1:1 7 mL/min 10 min 


cleaning step nitrogen  3 min 


 


The collected fraction is evaporated first under vacuum and afterwards under a gentle nitrogen 


stream. Either this is followed by purification on a Florisil column or after filling into a vial, the 


solution is ready for measurement. 


 


Removal of co-eluting contaminants: 


After extraction on the SMART column, the extract can additionally be purified using a Florisil 


column. For this purpose, 1-5 mL of the concentrated extract is reinjected into the DEXTech 


system. The Florisil column is installed in position 2 of the DEXTech system. The extraction 


runs with the following device programme: 


step solvent flow time 


column conditioning cyclohexane/DCM v/v 9:1 7 mL/min 3 min 


first fraction (discarded) cyclohexane/DCM v/v 9:1 7 mL/min 1 min 


second fraction (to be collected) cyclohexane/DCM v/v 9:1 7 mL/min 20 min 


cleaning step nitrogen  3 min 


 


The collected fraction is then concentrated almost to dryness using an evaporator followed by 


a gentle nitrogen stream. The solution is then transferred into a vial for measurement. 


 


Please note: it is possible to combine the two steps on a DEXTech system; the exact method 


and possibilities of combination with clean-up protocol for other contaminants (e.g. PCBs and 


PCDD/Fs) are currently under investigation and will be added to a future version of this Annex. 
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The following tables show example of instrument methods and parameters currently in use 


within the EURL/NRL network for CP analysis. For more details on the method, please refer 


to the indicated publications. Instrument methods are sorted by quantification category, similar 


to section 3 of the main guidance document. 


 


Table of contents 


1. Semi-quantitative analysis ........................................................................................................ 2 


2. Quantitative analysis of CP groups (chain length specific patterns) ........................................ 3 


2.1. LC-TOFMS example method ............................................................................................ 3 


2.2. GC-LRMS example method .............................................................................................. 3 


3. Quantitative analysis of CP groups (homologue patterns) ....................................................... 6 


3.1. LC-HRMS example method .............................................................................................. 6 


3.2. GC-HRMS example method ........................................................................................... 13 


 


 
 


1. Semi-quantitative analysis 
 


Example method: GC-EI-MS/MS [1,2] 


Instrument 7890A GC interfaced with a 7000B QQQ MS triple quadrupole 
system (Agilent Technologies, Santa Clara, CA, USA) 


Column 15 m length × 0.25 mm i.d., 0.25 µm film thickness HP5-MSUI fused 
silica capillary column (Agilent Technologies, Santa Clara, CA, USA) 


Transfer line temperature: 280°C 


GC oven 
programme 


60°C (2 min), increase at 50°C/min to 300°C (5 min). Total runtime of 
the programme11.8 min. 


Injector Compressed air cooled PTV injector (Gerstel, Mülheim a. d. Ruhr, 
Germany) in solvent vent mode (4.8 psi until 0.03 min)  


5 µL sample is injected at 70 °C (holding time 0.13 min) and the 
injector then heated at a rate of 720 °C/min to 300 °C (holding time 5 
min) 


Detection EI-MS/MS (MRM mode), collision gas: Nitrogen,  
Source electron energy 70eV 
Mass transitions:  
m/z 102→67, m/z 102→65 and m/z 91→53 
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2. Quantitative analysis of CP groups (chain length specific patterns) 


2.1. LC-TOFMS example method 


Example method: LC-ESI-QTOF-MS [3,4]  


Instrument UltiMate 3000 UHPLC system coupled to a Compact Q-TOF mass 
spectrometer (Bruker, Bremen, Germany) 


Column Kinetex C18, 50 mm × 3 mm, 2.6 µm (Phenomenex Inc, Torrence, 
USA) 


LC solvent 
gradient 


Acetonitrile in water from 70 to 100% in 3 min (maintained during 11 
min) at 0.4 mL/min 


Detection Electrospray (ESI- +), 4.5 kV; dry gas flow 10 L/min; heater 
temperature 325 °C. Signal enhancement through addition of 
acetonitrile/dichloromethane (1:1, v/v) post-column at 0.08 mL/min 


Data acquisition Full scan mode (m/z 100-1500), R=12,000 (FWHM), extraction of 
three most abundant isotopologues of [M+Cl]- adduct ions for each 
homologue via MZmine 2 (version 2.37) software [5] 


 


2.2. GC-LRMS example method 


Example method GC-ECNI-LRMS [6] 


Instrument 8890 GC interfaced with a 7000D triple quadrupole MS (Agilent 
Technologies, Sant Clara, CA, USA). 


Column 15 m length × 0.25 mm i.d., 0.1 µm film thickness DB5-MS capillary 
column (Agilent Technologies, Sant Clara, CA, USA). Helium gas 
flow at 1 mL/min (17.85 min), increase to 2.5 mL/min (6.5 min). 


GC oven 
programme 


90˚C (1.25 min), increase at 25˚C/min to 180˚C, increase at 
10˚C/min to 325˚C, hold 6.5 min. Total runtime 25.85 min. 


Injector MultiMode Inlet (Agilent Technologies, Sant Clara, CA, USA) fitted 
with 200 µL single taper dimpled inlet liner (Agilent Technologies, 
Sant Clara, CA, USA). 2 µL pulsed splitless injections at 92˚C (hold 
0.04 min), ramp at 700˚C/min to 300˚C. 


Detection Electron capture negative ionization (ECNI) with ion source at 150˚C 
using methane reaction gas. Single ion monitoring (SIM) of most 
abundant (quantification) and second or third most abundant 
(confirmation) isotopes of [M-Cl]- and [M-HCl]- ions. 


Acquisition Acquisition performed in 4 separate injections using the same GC 
oven and injector parameters. Ions monitored in the 4 methods relate 
to SCCPs and MCCPs arranged in groups of 1) C10 and C15, 2) C11 
and C16, 3) C12 and C17, 4) C13 and C14. 
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Mass spectral acquisition parameters for GC-ECNI-LRMS: SCCPs 


Homologue group Ion Quantification (m/z) Confirmation (m/z) 


C10 


Cl5 C10H17Cl5 [M-HCl]- 278 280 


Cl6 C10H16Cl6 [M-HCl]- 312 314 


Cl7 C10H15Cl7 [M-Cl]- 347 349 


Cl8 C10H14Cl8 [M-Cl]- 381 383 


Cl9 C10H13Cl9 [M-Cl]- 417 415 


Cl10 C10H12Cl10 [M-Cl]- 451 449 


C11 


Cl5 C11H19Cl5 [M-HCl]- 292 294 


Cl6 C11H18Cl6 [M-HCl]- 326 328 


Cl7 C11H17Cl7 [M-Cl]- 361 363 


Cl8 C11H16Cl8 [M-Cl]- 395 397 


Cl9 C11H15Cl9 [M-Cl]- 431 429 


Cl10 C11H14Cl10 [M-Cl]- 465 467 


C12 


Cl5 C12H21Cl5 [M-HCl]- 306 304 


Cl6 C12H20Cl6 [M-HCl]- 340 342 


Cl7 C12H19Cl7 [M-Cl]- 375 377 


Cl8 C12H18Cl8 [M-Cl]- 409 411 


Cl9 C12H17Cl9 [M-Cl]- 445 443 


Cl10 C12H16Cl10 [M-Cl]- 479 481 


C13 


Cl5 C13H23Cl5 [M-HCl]- 320 318 


Cl6 C13H22Cl6 [M-HCl]- 354 356 


Cl7 C13H21Cl7 [M-Cl]- 389 391 


Cl8 C13H20Cl8 [M-Cl]- 423 425 


Cl9 C13H19Cl9 [M-Cl]- 459 457 


Cl10 C13H18Cl10 [M-Cl]- 493 491 


 
Mass spectral acquisition parameters for GC-ECNI-LRMS: MCCPs 


Homologue group Ion Quantification (m/z) Confirmation (m/z) 


C14 


Cl5 C14H25Cl5 [M-Cl]- 335 337 


Cl6 C14H24Cl6 [M-Cl]- 369 371 


Cl7 C14H23Cl7 [M-Cl]- 403 405 


Cl8 C14H22Cl8 [M-Cl]- 437 439 


Cl9 C14H21Cl9 [M-Cl]- 473 471 


Cl10 C14H20Cl10 [M-Cl]- 507 505 


C15 


Cl5 C15H27Cl5 [M-Cl]- 349 347 


Cl6 C15H26Cl6 [M-Cl]- 383 385 


Cl7 C15H25Cl7 [M-Cl]- 417 419 


Cl8 C15H24Cl8 [M-Cl]- 451 453 


Cl9 C15H23Cl9 [M-Cl]- 487 485 


Cl10 C15H22Cl10 [M-Cl]- 521 519 


C16 


Cl5 C16H29Cl5 [M-Cl]- 363 361 


Cl6 C16H28Cl6 [M-Cl]- 397 395 


Cl7 C16H27Cl7 [M-Cl]- 431 429 


Cl8 C16H26Cl8 [M-Cl]- 465 467 


Cl9 C16H25Cl9 [M-Cl]- 501 499 


Cl10 C16H24Cl10 [M-Cl]- 535 537 


C17 


Cl5 C17H31Cl5 [M-Cl]- 377 375 


Cl6 C17H30Cl6 [M-Cl]- 411 413 


Cl7 C17H29Cl7 [M-Cl]- 445 447 


Cl8 C17H28Cl8 [M-Cl]- 479 481 


Cl9 C17H27Cl9 [M-Cl]- 515 513 


Cl10 C17H26Cl10 [M-Cl]- 549 547 


RS 13C-HCD 13C10H16Cl6 [M-Cl]- 323 321 


SS -HCH C6H6Cl6 [M-Cl]- 255 257 


SS 6-MeO-BDE-157 C13H6Br6O2 [Br]- 81 79 
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Gas chromatograph retention regions of SCCPs (green) and MCCPs (dark blue) measured in 


individual technical standards of SCCP 55.5%Cl and MCCP 57%Cl. Retention times of internal 


and recovery standards are indicated by vertical lines. Groups 1-4 indicate the four separate 


injection groups. Figure taken from McGrath et al, 2020 [6].  


4 6 8 10 12 14 16 18


Cl10


Cl9


Cl8


Cl7


Cl6


Cl5


Cl10


Cl9


Cl8


Cl7


Cl6


Cl5


Cl10


Cl9


Cl8


Cl7


Cl6


Cl5


Cl10


Cl9


Cl8


Cl7


Cl6


Cl5


Cl10


Cl9


Cl8


Cl7


Cl6


Cl5


Cl10


Cl9


Cl8


Cl7


Cl6


Cl5


Cl10


Cl9


Cl8


Cl7


Cl6


Cl5


Cl10


Cl9


Cl8


Cl7


Cl6


Cl5


C
1


4
C


1
3


C
1


7
C


1
2


C
1


6
C


1
1


C
1


5
C


1
0


G
ro


u
p
 4


G
ro


u
p
 3


G
ro


u
p
 2


G
ro


u
p
 1


Retention Time (min)


-HCH 13C-HCD 6-MeO-BDE-157







 


Guidance Document on CP Analysis 
Annex III v1.7.3 


30 June 2021 Page 6 of 16 


 


3. Quantitative analysis of CP groups (homologue group patterns) 


3.1. LC-HRMS example method 


Example method: LC-HESI-Orbitrap-HRMS [7] 


Instrument UltiMate 3000 UHPLC system coupled to a Q-Exactive mass 
spectrometer (Bruker, Bremen, Germany and Thermo Fisher Scientific, 
Waltham, MA, USA) 


Column Hypersil Gold, 100 mm × 2.1 mm, 1.9 µm  


(Thermo Fisher Scientific, Waltham, MA, USA) 


LC solvent 
gradient 


Acetonitrile in water from 70 to 100% in 3 min (maintained 11 min) at 
0.4 mL/min 


Detection Heated electrospray in negative mode (HESI-); Signal enhancement 
through addition of acetonitrile/DCM (1:1, v/v) post-column at 
0.08 mL/min 


Data acquisition Full scan mode (m/z 300-1500), R=140,000 (FWHM), extraction of two 
most abundant isotopologues of [M+Cl]- adduct ions for each 
homologue group via R programming environment 


 
 
Chlorine enhancement in LC-MS: 
 
There are several options for chlorine enhancement in LC-MS measurements of CPs available 


and described in the literature. The post-column addition of DCM or acetonitrile/DCM 


necessitates an extra valve at the instrument, which might not be available in every laboratory. 


Alternatively, other agents can be added directly to the LC solvent. Among the members of 


CWG CP, the addition of ammonium chloride to the solvent has brought reliable results 


comparable to post-column addition of DCM. 
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Mass spectral acquisition parameters for SCCPs on chlorine-enhanced LC-HESI-HRMS with quantification ion (Q) 


and confirmation ions (CF1, CF2). Numbers beside m/z values indicate relative abundance of the isotopologue used 
for quality control. 
 


Homologue group Ion Q [m/z] % CF1 [m/z] % CF2 [m/z] % 


C10 


Cl4 [M+Cl]- 314.98271 100 316.97976 64.4 312.98566 62.1 


Cl5 [M+Cl]- 348.94374 100 350.94079 80.4 346.94669 51.8 


Cl6 [M+Cl]- 382.90477 100 384.90182 96.5 386.89887 51.7 


Cl7 [M+Cl]- 418.86285 100 416.86580 88.9 420.85990 64.3 


Cl8 [M+Cl]- 452.82387 100 450.82682 77.8 454.82092 75.0 


Cl9 [M+Cl]- 486.78490 100 488.78195 85.7 484.78785 69.2 


Cl10 [M+Cl]- 520.74593 100 522.74298 96.4 518.74888 62.3 


C11 


Cl4 [M+Cl]- 328.99836 100 330.99541 64.4 327.00131 62.1 


Cl5 [M+Cl]- 362.95939 100 364.95644 80.4 360.96234 51.8 


Cl6 [M+Cl]- 396.92042 100 398.91747 96.5 400.91452 51.7 


Cl7 [M+Cl]- 432.87850 100 430.88145 88.9 434.87555 64.3 


Cl8 [M+Cl]- 466.83952 100 464.84247 77.8 468.83657 75.0 


Cl9 [M+Cl]- 500.80055 100 502.79760 85.7 498.80350 69.2 


Cl10 [M+Cl]- 534.76158 100 536.75863 96.3 532.76453 62.3 


Cl11 [M+Cl]- 570.71966 100 568.72261 93.4 572.71671 72.2 


C12 


Cl4 [M+Cl]- 343.01401 100 345.01106 64.4 341.01696 62.1 


Cl5 [M+Cl]- 376.97504 100 378.97209 80.4 374.97799 51.8 


Cl6 [M+Cl]- 410.93607 100 412.93312 96.5 414.93017 51.7 


Cl7 [M+Cl]- 446.89415 100 444.89710 88.9 448.89120 64.3 


Cl8 [M+Cl]- 480.85517 100 478.85812 77.8 482.85222 75.0 


Cl9 [M+Cl]- 514.81620 100 516.81325 85.7 512.81915 69.2 


Cl10 [M+Cl]- 548.77723 100 550.77428 96.3 546.78018 62.3 


Cl11 [M+Cl]- 584.73531 100 582.73826 93.4 586.73236 72.2 


Cl12 [M+Cl]- 618.69633 100 616.69928 85.0 620.69338 80.2 


C13 


Cl4 [M+Cl]- 357.02966 100 359.02671 64.3 355.03261 62.2 


Cl5 [M+Cl]- 390.99069 100 392.98774 80.4 388.99364 51.8 


Cl6 [M+Cl]- 424.95172 100 426.94877 96.4 428.94582 51.7 


Cl7 [M+Cl]- 460.90980 100 458.91275 88.9 462.90685 64.3 


Cl8 [M+Cl]- 494.87082 100 492.87377 77.8 496.86787 75.0 


Cl9 [M+Cl]- 528.83185 100 530.82890 85.6 526.83480 69.2 


Cl10 [M+Cl]- 562.79288 100 564.78993 96.3 560.79583 62.3 


Cl11 [M+Cl]- 598.75096 100 596.75391 93.4 600.74801 72.2 


Cl12 [M+Cl]- 632.71198 100 630.71493 85.0 634.70903 80.2 


Cl13 [M+Cl]- 666.67301 100 668.67006 88.2 664.67596 77.9 
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Mass spectral acquisition parameters for MCCPs on chlorine-enhanced LC-HESI-HRMS with quantification ion (Q) 


and confirmation ions (CF1, CF2). Numbers beside m/z values indicate relative abundance of the isotopologue used 
for quality control. 
 


 


Homologue group Ion Q [m/z] % CF1 [m/z] % CF2 [m/z] % 


C14 


Cl4 [M+Cl]- 371.04531 100 373.04236 64.3 369.04826 62.2 


Cl5 [M+Cl]- 405.00634 100 407.00339 80.4 403.00929 51.8 


Cl6 [M+Cl]- 438.96737 100 440.96442 96.4 442.96147 51.7 


Cl7 [M+Cl]- 474.92545 100 472.92840 88.9 476.92250 64.3 


Cl8 [M+Cl]- 508.88647 100 506.88942 77.8 510.88352 74.9 


Cl9 [M+Cl]- 542.84750 100 544.84455 85.6 540.85045 69.2 


Cl10 [M+Cl]- 576.80853 100 578.80558 96.3 574.81148 62.3 


Cl11 [M+Cl]- 612.76661 100 610.76956 93.5 614.76366 72.2 


Cl12 [M+Cl]- 646.72763 100 644.73058 85.0 648.72468 80.2 


Cl13 [M+Cl]- 680.68866 100 682.68571 88.3 678.69161 77.9 


Cl14 [M+Cl]- 714.64969 100 716.64675 96.3 712.65264 71.9 


C15 


Cl4 [M+Cl]- 385.06096 100 387.05801 64.3 383.06391 62.2 


Cl5 [M+Cl]- 419.02199 100 421.01904 80.4 417.02494 51.8 


Cl6 [M+Cl]- 452.98302 100 454.98007 96.4 456.97712 51.6 


Cl7 [M+Cl]- 488.94110 100 486.94405 88.9 490.93815 64.3 


Cl8 [M+Cl]- 522.90212 100 520.90507 77.8 524.89917 74.9 


Cl9 [M+Cl]- 556.86315 100 558.86020 85.6 554.86610 69.2 


Cl10 [M+Cl]- 590.82418 100 592.82123 96.3 588.82713 62.3 


Cl11 [M+Cl]- 626.78226 100 624.78521 93.5 628.77931 72.2 


Cl12 [M+Cl]- 660.74329 100 658.74624 85.0 662.74034 80.2 


Cl13 [M+Cl]- 694.70431 100 696.70136 88.2 692.70726 77.9 


Cl14 [M+Cl]- 728.66534 100 730.66239 96.3 726.66830 72.0 


Cl15 [M+Cl]- 764.62342 100 762.62638 96.0 766.62047 77.0 


C16 


Cl4 [M+Cl]- 399.07661 100 401.07366 64.3 397.07956 62.2 


Cl5 [M+Cl]- 433.03764 100 435.03469 80.4 431.04059 51.8 


Cl6 [M+Cl]- 466.99867 100 468.99572 96.4 470.99277 51.6 


Cl7 [M+Cl]- 502.95675 100 500.95970 88.9 504.95380 64.2 


Cl8 [M+Cl]- 536.91777 100 534.92072 77.8 538.91482 74.9 


Cl9 [M+Cl]- 570.87880 100 572.87585 85.6 568.88175 69.2 


Cl10 [M+Cl]- 604.83983 100 606.83688 96.3 602.84278 62.3 


Cl11 [M+Cl]- 640.79791 100 638.80086 93.5 642.79496 72.2 


Cl12 [M+Cl]- 674.75894 100 672.76189 85.0 676.75599 80.2 


Cl13 [M+Cl]- 708.71997 100 710.71701 88.2 706.72292 77.9 


Cl14 [M+Cl]- 742.68100 100 744.67804 96.2 740.68394 71.9 


Cl15 [M+Cl]- 778.63908 100 776.64203 96.0 780.63614 77.1 


Cl16 [M+Cl]- 812.60012 100 810.60306 89.0 814.59717 83.4 


C17 


Cl4 [M+Cl]- 413.09226 100 415.08931 64.3 411.09521 62.2 


Cl5 [M+Cl]- 447.05329 100 449.05034 80.3 445.05624 51.9 


Cl6 [M+Cl]- 481.01432 100 483.01137 96.4 485.00842 51.6 


Cl7 [M+Cl]- 516.97240 100 514.97535 89.0 518.96945 64.2 


Cl8 [M+Cl]- 550.93342 100 548.93637 77.9 552.93047 74.9 


Cl9 [M+Cl]- 584.89445 100 586.89150 85.6 582.89740 69.2 


Cl10 [M+Cl]- 618.85548 100 620.85253 96.3 616.85843 62.3 


Cl11 [M+Cl]- 654.81356 100 652.81651 93.5 656.81061 72.2 


Cl12 [M+Cl]- 688.77459 100 686.77754 85.0 690.77164 80.3 


Cl13 [M+Cl]- 722.73562 100 724.73267 88.3 720.73857 77.9 


Cl14 [M+Cl]- 756.69665 100 758.69371 96.3 754.69959 71.9 


Cl15 [M+Cl]- 792.65474 100 790.65768 95.8 794.65180 77.1 


Cl16 [M+Cl]- 826.61577 100 824.61872 89.1 828.61282 83.4 


Cl17 [M+Cl]- 860.57690 100 862.57388 89.1 858.57981 82.8 
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Mass spectral acquisition parameters for some LCCPs on chlorine-enhanced LC-HESI-HRMS with quantification ion 


(Q) and confirmation ions (CF1, CF2). Numbers beside m/z values indicate relative abundance of the isotopologue 
used for quality control. 


 


 


Homologue group Ion Q [m/z] % CF1 [m/z] % CF2 [m/z] % 


C18 


Cl4 [M+Cl]- 427.10791 100 429.10496 64.3 425.11086 62.2 


Cl5 [M+Cl]- 461.06894 100 463.06599 80.3 459.07189 51.9 


Cl6 [M+Cl]- 495.02997 100 497.02702 96.4 499.02407 51.6 


Cl7 [M+Cl]- 530.98805 100 528.99100 89.0 532.98510 64.2 


Cl8 [M+Cl]- 564.94907 100 562.95202 77.9 566.94612 74.9 


Cl9 [M+Cl]- 598.91010 100 600.90715 85.6 596.91305 69.2 


Cl10 [M+Cl]- 632.87113 100 634.86818 96.3 630.87408 62.3 


Cl11 [M+Cl]- 668.82921 100 666.83216 93.5 670.82626 72.2 


Cl12 [M+Cl]- 702.79024 100 700.79319 85.0 704.78729 80.2 


Cl13 [M+Cl]- 736.75127 100 738.74832 88.2 734.75422 78.0 


Cl14 [M+Cl]- 770.71230 100 772.70936 96.4 768.71525 72.0 


Cl15 [M+Cl]- 806.67039 100 804.67333 95.9 808.66744 77.0 


Cl16 [M+Cl]- 840.63142 100 838.63438 89.2 842.62848 83.5 


Cl17 [M+Cl]- 874.59256 100 876.58966 90.2 872.59547 82.8 


Cl18 [M+Cl]- 908.55358 100 910.55068 96.6 906.55649 77.6 


C19 


Cl4 [M+Cl]- 441.12356 100 443.12061 64.3 439.12651 62.2 


Cl5 [M+Cl]- 475.08459 100 477.08164 80.3 473.08754 51.9 


Cl6 [M+Cl]- 509.04562 100 511.04267 96.4 513.03972 51.6 


Cl7 [M+Cl]- 545.00370 100 543.00665 89.0 547.00075 64.2 


Cl8 [M+Cl]- 578.96472 100 576.96767 77.9 580.96177 74.9 


Cl9 [M+Cl]- 612.92575 100 614.92280 85.6 610.92870 69.2 


Cl10 [M+Cl]- 646.88678 100 648.88383 96.3 644.88973 62.3 


Cl11 [M+Cl]- 682.84486 100 680.84781 93.5 684.84191 72.2 


Cl12 [M+Cl]- 716.80589 100 714.80884 84.9 718.80294 80.2 


Cl13 [M+Cl]- 750.76693 100 752.76397 88.2 748.76987 77.8 


Cl14 [M+Cl]- 784.72796 100 786.72502 96.3 782.73091 71.9 


Cl15 [M+Cl]- 820.68604 100 818.68900 96.0 822.68312 77.2 


Cl16 [M+Cl]- 854.64709 100 852.65011 89.9 856.64416 83.6 


Cl17 [M+Cl]- 888.60823 100 890.60533 90.3 886.61113 82.8 


Cl18 [M+Cl]- 922.56925 100 924.56635 96.7 920.57216 77.6 


Cl19 [M+Cl]- 958.52736 100 956.53027 97.0 960.52446 80.6 


C20 


Cl4 [M+Cl]- 455.13921 100 457.13626 64.3 453.14216 62.2 


Cl5 [M+Cl]- 489.10024 100 491.09729 80.3 487.10319 51.9 


Cl6 [M+Cl]- 523.06127 100 525.05832 96.4 527.05537 51.6 


Cl7 [M+Cl]- 559.01935 100 557.02230 89.0 561.01640 64.2 


Cl8 [M+Cl]- 592.98037 100 590.98332 77.9 594.97742 74.9 


Cl9 [M+Cl]- 626.94140 100 628.93845 85.6 624.94435 69.2 


Cl10 [M+Cl]- 660.90243 100 662.89948 96.3 658.90538 62.3 


Cl11 [M+Cl]- 696.86051 100 694.86346 93.5 698.85756 72.2 


Cl12 [M+Cl]- 730.82154 100 728.82449 85.1 732.81859 80.3 


Cl13 [M+Cl]- 764.78258 100 766.77963 88.3 762.78552 77.9 


Cl14 [M+Cl]- 798.74362 100 800.74067 96.2 796.74656 71.9 


Cl15 [M+Cl]- 834.70172 100 832.70464 95.6 836.69877 77.0 


Cl16 [M+Cl]- 868.66276 100 866.66578 89.8 870.65983 83.6 


Cl17 [M+Cl]- 902.62390 100 904.62101 90.3 900.62680 82.7 


Cl18 [M+Cl]- 936.58492 100 938.58202 96.7 934.58782 77.6 


Cl19 [M+Cl]- 972.54303 100 970.54593 97.0 974.54014 80.6 


Cl20 [M+Cl]- 1006.50405 100 1004.50695 91.3 1008.50115 86.0 
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Without chlorine enhancement, monitoring of the [M-H]- ion species is more reliable for this 


instrument set-up. The following tables describe the corresponding m/z values and 


isotopologue ratios. 


 
Mass spectral acquisition parameters for SCCPs on LC-HESI-HRMS with quantification ion (Q) and confirmation ions 


(CF1, CF2). Numbers beside m/z values indicate relative abundance of the isotopologue used for quality control. 


 
Homologue groups Ion Q [m/z] % CF1 [m/z] % CF2 [m/z] % 


C10 


Cl4 [M-H]- 279.00603 100 277.00898 77.6 281.00308 48.3 


Cl5 [M-H]- 312.96706 100 314.96411 64.4 310.97001 62.1 


Cl6 [M-H]- 346.92809 100 348.92514 80.4 344.93104 51.8 


Cl7 [M-H]- 380.88912 100 382.88617 96.5 384.88322 51.7 


Cl8 [M-H]- 416.84720 100 414.85015 88.9 418.84425 64.3 


Cl9 [M-H]- 450.80822 100 448.81117 77.8 452.80527 75.0 


Cl10 [M-H]- 484.76925 100 486.76630 85.7 482.77220 69.2 


C11 


Cl4 [M-H]- 293.02168 100 291.02464 77.6 295.01873 48.3 


Cl5 [M-H]- 326.98271 100 328.97976 64.4 324.98566 62.1 


Cl6 [M-H]- 360.94374 100 362.94079 80.4 358.94669 51.8 


Cl7 [M-H]- 394.90477 100 396.90182 96.5 398.89887 51.7 


Cl8 [M-H]- 430.86285 100 428.86580 88.9 432.85990 64.3 


Cl9 [M-H]- 464.82387 100 462.82682 77.8 466.82092 75.0 


Cl10 [M-H]- 498.78490 100 500.78195 85.7 496.78785 69.2 


Cl11 [M-H]- 532.74593 100 534.74298 96.3 530.74888 62.3 


C12 


Cl4 [M-H]- 307.03733 100 305.04029 77.6 309.03438 48.3 


Cl5 [M-H]- 340.99836 100 342.99541 64.4 339.00131 62.1 


Cl6 [M-H]- 374.95939 100 376.95644 80.4 372.96234 51.8 


Cl7 [M-H]- 408.92042 100 410.91747 96.5 412.91452 51.7 


Cl8 [M-H]- 444.87850 100 442.88145 88.9 446.87555 64.3 


Cl9 [M-H]- 478.83952 100 476.84247 77.8 480.83657 75.0 


Cl10 [M-H]- 512.80055 100 514.79760 85.7 510.80350 69.2 


Cl11 [M-H]- 546.76158 100 548.75863 96.3 544.76453 62.3 


Cl12 [M-H]- 582.71966 100 580.72261 93.4 584.71671 72.2 


C13 


Cl4 [M-H]- 321.05299 100 319.05594 77.6 323.05003 62.3 


Cl5 [M-H]- 355.01401 100 357.01106 64.4 353.01696 72.2 


Cl6 [M-H]- 388.97504 100 390.97209 80.4 386.97799 80.2 


Cl7 [M-H]- 422.93607 100 424.93312 96.4 426.93017 48.3 


Cl8 [M-H]- 458.89415 100 456.89710 88.9 460.89120 62.2 


Cl9 [M-H]- 492.85517 100 490.85812 77.8 494.85222 51.8 


Cl10 [M-H]- 526.81620 100 528.81325 85.6 524.81915 51.7 


Cl11 [M-H]- 560.77723 100 562.77428 96.3 558.78018 64.3 


Cl12 [M-H]- 596.73531 100 594.73826 93.5 598.73236 75.0 


Cl13 [M-H]- 630.69633 100 628.69928 85.0 632.69338 69.2 
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Mass spectral acquisition parameters for MCCPs on LC-HESI-HRMS with quantification ion (Q) and confirmation ions 


(CF1, CF2). Numbers beside m/z values indicate relative abundance of the isotopologue used for quality control. 
 


 


Homologue group Ion Q [m/z] % CF1 [m/z] % CF2 [m/z] % 


C14 


Cl4 [M-H]- 335.06864 100 333.07159 77.7 337.06569 48.3 


Cl5 [M-H]- 369.02966 100 371.02671 64.3 367.03261 62.2 


Cl6 [M-H]- 402.99069 100 404.98774 80.4 400.99364 51.8 


Cl7 [M-H]- 436.95172 100 438.94877 96.4 440.94582 51.7 


Cl8 [M-H]- 472.90980 100 470.91275 88.9 474.90685 64.3 


Cl9 [M-H]- 506.87082 100 504.87377 77.8 508.86787 75.0 


Cl10 [M-H]- 540.83185 100 542.82890 85.6 538.83480 69.2 


Cl11 [M-H]- 574.79288 100 576.78993 96.3 572.79583 62.3 


Cl12 [M-H]- 610.75096 100 608.75391 93.5 612.74801 72.2 


Cl13 [M-H]- 644.71198 100 642.71493 85.0 646.70903 80.2 


Cl14 [M-H]- 678.67301 100 680.67006 88.2 676.67596 77.9 


C15 


Cl4 [M-H]- 349.08429 100 347.08724 77.7 351.08134 48.3 


Cl5 [M-H]- 383.04531 100 385.04236 64.3 381.04826 62.2 


Cl6 [M-H]- 417.00634 100 419.00339 80.4 415.00929 51.8 


Cl7 [M-H]- 450.96737 100 452.96442 96.4 454.96147 51.6 


Cl8 [M-H]- 486.92545 100 484.92840 88.9 488.92250 64.3 


Cl9 [M-H]- 520.88647 100 518.88942 77.8 522.88352 74.9 


Cl10 [M-H]- 554.84750 100 556.84455 85.6 552.85045 69.2 


Cl11 [M-H]- 588.80853 100 590.80558 96.3 586.81148 62.3 


Cl12 [M-H]- 624.76661 100 622.76956 93.5 626.76366 72.2 


Cl13 [M-H]- 658.72764 100 656.73058 85.0 660.72468 80.2 


Cl14 [M-H]- 692.68866 100 694.68571 88.2 690.69161 77.9 


Cl15 [M-H]- 726.64969 100 728.64675 96.3 724.65264 71.9 


C16 


Cl4 [M-H]- 363.09994 100 361.10289 77.7 365.09699 48.3 


Cl5 [M-H]- 397.06096 100 399.05801 64.3 395.06391 62.2 


Cl6 [M-H]- 431.02199 100 433.01904 80.4 429.02494 51.8 


Cl7 [M-H]- 464.98302 100 466.98007 96.4 468.97712 51.6 


Cl8 [M-H]- 500.94110 100 498.94405 88.9 502.93815 64.2 


Cl9 [M-H]- 534.90212 100 532.90507 77.8 536.89917 74.9 


Cl10 [M-H]- 568.86315 100 570.86020 85.6 566.86610 69.2 


Cl11 [M-H]- 602.82418 100 604.82123 96.3 600.82713 62.3 


Cl12 [M-H]- 638.78226 100 636.78521 93.5 640.77931 72.2 


Cl13 [M-H]- 672.74329 100 670.74623 85.0 674.74034 80.2 


Cl14 [M-H]- 706.70432 100 708.70136 88.2 704.70726 77.9 


Cl15 [M-H]- 740.66535 100 742.66239 96.2 738.66829 71.9 


Cl16 [M-H]- 776.62343 100 774.62638 95.9 778.62048 77.0 


C17 


Cl4 [M-H]- 377.11559 100 375.11854 77.7 379.11264 48.2 


Cl5 [M-H]- 411.07661 100 413.07366 64.3 409.07956 62.2 


Cl6 [M-H]- 445.03764 100 447.03469 80.3 443.04059 51.9 


Cl7 [M-H]- 478.99867 100 480.99572 96.4 482.99277 51.6 


Cl8 [M-H]- 514.95675 100 512.95970 89.0 516.95380 64.2 


Cl9 [M-H]- 548.91777 100 546.92072 77.9 550.91482 74.9 


Cl10 [M-H]- 582.87880 100 584.87585 85.6 580.88175 69.2 


Cl11 [M-H]- 616.83983 100 618.83688 96.3 614.84278 62.3 


Cl12 [M-H]- 652.79791 100 650.80086 93.5 654.79496 72.2 


Cl13 [M-H]- 686.75894 100 684.76189 85.0 688.75599 80.2 


Cl14 [M-H]- 720.71997 100 722.71702 88.2 718.72291 77.9 


Cl15 [M-H]- 754.68100 100 756.67805 96.3 752.68394 71.9 


Cl16 [M-H]- 790.63908 100 788.64203 95.9 792.63613 77.0 


Cl17 [M-H]- 824.60011 100 822.60307 89.1 826.59718 83.6 
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Mass spectral acquisition parameters for some LCCPs on LC-HESI-HRMS with quantification ion (Q) and confirmation 


ions (CF1, CF2). Numbers beside m/z values indicate relative abundance of the isotopologue used for quality control. 
 


 


Homologue group Ion Q [m/z] % CF1 [m/z] % CF2 [m/z] % 


C18 


Cl4 [M-H]- 391.13124 100 389.13419 77.7 393.12829 48.2 


Cl5 [M-H]- 425.09226 100 427.08931 64.3 423.09521 62.2 


Cl6 [M-H]- 459.05329 100 461.05034 80.3 457.05624 51.9 


Cl7 [M-H]- 493.01432 100 495.01137 96.4 497.00842 51.6 


Cl8 [M-H]- 528.97240 100 526.97535 89.0 530.96945 64.2 


Cl9 [M-H]- 562.93342 100 560.93637 77.9 564.93047 74.9 


Cl10 [M-H]- 596.89445 100 598.89150 85.6 594.89740 69.2 


Cl11 [M-H]- 630.85548 100 632.85253 96.3 628.85843 62.3 


Cl12 [M-H]- 666.81356 100 664.81651 93.5 668.81061 72.2 


Cl13 [M-H]- 700.77459 100 698.77754 85.0 702.77164 80.2 


Cl14 [M-H]- 734.73562 100 736.73267 88.2 732.73857 77.9 


Cl15 [M-H]- 768.69665 100 770.69370 96.2 766.69960 71.9 


Cl16 [M-H]- 804.65474 100 802.65768 95.8 806.65180 77.1 


Cl17 [M-H]- 838.61578 100 836.61873 89.2 840.61284 83.5 


Cl18 [M-H]- 872.57691 100 874.57401 90.2 870.57982 82.8 


C19 


Cl4 [M-H]- 405.14689 100 403.14984 77.8 407.14394 48.2 


Cl5 [M-H]- 439.10791 100 441.10496 64.3 437.11086 62.2 


Cl6 [M-H]- 473.06894 100 475.06599 80.3 471.07189 51.9 


Cl7 [M-H]- 507.02997 100 509.02702 96.4 511.02407 51.6 


Cl8 [M-H]- 542.98805 100 540.99100 89.0 544.98510 64.2 


Cl9 [M-H]- 576.94907 100 574.95202 77.9 578.94612 74.9 


Cl10 [M-H]- 610.91010 100 612.90715 85.6 608.91305 69.2 


Cl11 [M-H]- 644.87113 100 646.86818 96.3 642.87408 62.3 


Cl12 [M-H]- 680.82921 100 678.83216 93.5 682.82626 72.2 


Cl13 [M-H]- 714.79024 100 712.79319 85.0 716.78729 80.3 


Cl14 [M-H]- 748.75128 100 750.74833 88.2 746.75422 77.9 


Cl15 [M-H]- 782.71230 100 784.70936 96.3 780.71526 72.0 


Cl16 [M-H]- 818.67039 100 816.67333 95.8 820.66745 77.1 


Cl17 [M-H]- 852.63142 100 850.63438 89.1 854.62851 83.7 


Cl18 [M-H]- 886.59258 100 888.58968 90.3 884.59548 82.8 


Cl19 [M-H]- 920.55360 100 922.55070 96.7 918.55651 77.6 


C20 


Cl4 [M-H]- 419.16254 100 417.16549 77.8 421.15959 48.2 


Cl5 [M-H]- 453.12356 100 455.12061 64.3 451.12651 62.2 


Cl6 [M-H]- 487.08459 100 489.08164 80.3 485.08754 51.9 


Cl7 [M-H]- 521.04562 100 523.04267 96.4 525.03972 51.6 


Cl8 [M-H]- 557.00370 100 555.00665 89.0 559.00075 64.2 


Cl9 [M-H]- 590.96472 100 588.96767 77.9 592.96177 74.9 


Cl10 [M-H]- 624.92575 100 626.92280 85.6 622.92870 69.2 


Cl11 [M-H]- 658.88678 100 660.88383 96.3 656.88973 62.3 


Cl12 [M-H]- 694.84486 100 692.84781 93.5 696.84191 72.2 


Cl13 [M-H]- 728.80589 100 726.80884 85.0 730.80294 80.2 


Cl14 [M-H]- 762.76692 100 764.76397 88.2 760.76987 77.9 


Cl15 [M-H]- 796.72796 100 798.72502 96.3 794.73090 71.9 


Cl16 [M-H]- 832.68605 100 830.68901 96.0 834.68310 76.9 


Cl17 [M-H]- 866.64711 100 864.65013 89.7 868.64417 83.4 


Cl18 [M-H]- 900.60825 100 902.60536 90.3 898.61115 82.7 


Cl19 [M-H]- 934.56927 100 936.56637 96.7 932.57217 77.6 


Cl20 [M-H]- 970.52738 100 968.53028 97.0 972.52449 80.6 
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3.2. GC-HRMS example method 


Example method: GC-ECNI-Orbitrap-HRMS [8] 


Instrument TRACE 1310 GC system coupled to a Q-Exactive mass spectrometer 
(Thermo Fisher Scientific, Waltham, MA, USA) 


Column 15 m × 0.25 mm, 0.25 µm HP-5MS UI capillary column connected to 
1 m uncoated pre-column (Agilent Technologies, Santa Clara, CA, USA) 


GC oven 
programme 


60 °C (2 min), increase at 50 °C/min to 300 °C (11 min).  
Total time 17.8 min. 


Detection Electron capture negative ion (ECNI), reaction gas: methane 


Data acquisition Full scan mode (m/z 250-810), R=120,000 (FWHM), extraction of three 
most abundant isotopologues of [M-Cl]- and [M-HCl]- adduct ions for 
each homologue via TraceFinder software (Thermo Fisher Scientific, 
Waltham, MA, USA) 


Mass spectral acquisition parameters for SCCPs on GC-ECNI-HRMS with quantification ion (Q) and confirmation 


ions (CF1, CF2). Numbers beside m/z values indicate relative abundance of the isotopologue used for quality control. 


Homologue group Ion Q [m/z] % CF1 [m/z] % CF2 [m/z] % 


C10 


Cl5 [M-HCl]- 277.99821 100 276.00116 77.57 279.99526 48.34 


Cl6 [M-HCl]- 312.96706 100 314.96411 64.4 310.97001 62.11 


Cl7 [M-Cl]- 346.92809 100 348.92514 80.45 344.93104 51.79 


Cl8 [M-Cl]- 380.88912 100 382.88617 96.49 384.88322 51.72 


Cl9 [M-Cl]- 416.8472 100 414.85015 88.87 418.84425 64.3 


Cl10 [M-Cl]- 450.80822 100 448.81117 77.78 452.80527 74.99 


C11 


Cl5 [M-HCl]- 292.01386 100 290.01681 77.6 294.01091 48.32 


Cl6 [M-HCl]- 325.97489 100 327.97194 64.38 323.97784 62.12 


Cl7 [M-Cl]- 360.94374 100 362.94079 80.43 358.94669 51.8 


Cl8 [M-Cl]- 394.90477 100 396.90182 96.47 398.89887 51.7 


Cl9 [M-Cl]- 430.86285 100 428.8658 88.88 432.8599 64.29 


Cl10 [M-Cl]- 464.82387 100 462.82682 77.8 466.82092 74.98 


Cl11 [M-Cl]- 498.7849 100 500.78195 85.67 496.78785 69.17 


C12 


Cl5 [M-HCl]- 306.02951 100 304.03246 77.63 308.02656 48.31 


Cl6 [M-HCl]- 339.99054 100 341.98759 65 337.99349 100 


Cl7 [M-Cl]- 374.95939 100 376.95644 80.43 372.96234 51.8 


Cl8 [M-Cl]- 408.92042 100 410.91747 96.46 412.91452 51.69 


Cl9 [M-Cl]- 444.8785 100 442.88145 88.9 446.87555 64.28 


Cl10 [M-Cl]- 478.83952 100 476.84247 77.81 480.83658 74.97 


Cl11 [M-Cl]- 512.80055 100 514.79761 85.68 510.8035 69.18 


Cl12 [M-Cl]- 546.76158 100 548.75863 96.33 544.76453 62.26 


C13 


Cl5 [M-HCl]- 320.04516 100 318.04811 77.65 322.04221 48.29 


Cl6 [M-HCl]- 354.00619 100 356.00324 64.35 352.00914 62.61 


Cl7 [M-Cl]- 388.97504 100 390.97209 80.4 386.97799 51.82 


Cl8 [M-Cl]- 422.93607 100 424.93312 96.44 426.93017 51.67 


Cl9 [M-Cl]- 458.89415 100 456.8971 88.9 460.8912 64.28 


Cl10 [M-Cl]- 492.85517 100 490.85812 77.82 494.85222 74.96 


Cl11 [M-Cl]- 526.8162 100 528.81325 85.65 524.81915 69.19 


Cl12 [M-Cl]- 560.77723 100 562.77428 96.33 558.78018 62.29 


Cl13 [M-Cl]- 596.73531 100 594.73826 93.45 598.73236 72.23 


RS 13C-HCD [M-Cl]- 323.0009 100 324.99766 64.38 321.00356 62.12 


SS ε-HCH [M-Cl]- 254.88881 100 256.88586 64.49 252.89176 62.02 
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Mass spectral acquisition parameters for MCCPs on GC-ECNI-HRMS with quantification ion (Q) and confirmation 


ions (CF1, CF2). Numbers beside m/z values indicate relative abundance of the isotopologue used for quality control. 
 


 


Homologue group Ion Q [m/z] % CF1 [m/z] % CF2 [m/z] % 


C14 


Cl5 [M-HCl]- 334.06081 100 332.06376 77.67 336.05786 48.28 


Cl6 [M-HCl]- 368.02184 100 370.01889 64.34 366.02479 62.17 


Cl7 [M-Cl]- 402.99069 100 404.98774 80.39 400.99364 51.83 


Cl8 [M-Cl]- 436.95172 100 438.94877 96.43 440.94582 51.65 


Cl9 [M-Cl]- 472.9098 100 470.91275 88.92 474.90685 64.26 


Cl10 [M-Cl]- 506.87082 100 504.87377 77.83 508.86787 74.95 


Cl11 [M-Cl]- 540.83185 100 542.8289 85.64 538.8348 69.2 


Cl12 [M-Cl]- 574.79288 100 576.78993 96.32 572.79583 62.29 


Cl13 [M-Cl]- 610.75096 100 608.75391 93.46 604.75981 72.23 


Cl14 [M-Cl]- 644.71198 100 642.71493 84.98 646.70903 80.24 


C15 


Cl5 [M-HCl]- 348.07646 100 346.07941 77.69 350.07351 48.27 


Cl6 [M-HCl]- 382.03749 100 384.03454 64.33 380.04044 62.18 


Cl7 [M-Cl]- 417.00634 100 419.00339 80.37 415.00929 51.84 


Cl8 [M-Cl]- 450.96737 100 452.96442 96.41 454.96147 51.64 


Cl9 [M-Cl]- 486.92545 100 484.9284 88.93 488.9225 64.25 


Cl10 [M-Cl]- 520.88647 100 518.88942 77.84 522.88352 74.94 


Cl11 [M-Cl]- 554.8475 100 556.84455 85.63 552.85045 69.2 


Cl12 [M-Cl]- 588.80853 100 590.80558 96.31 586.81148 62.3 


Cl13 [M-Cl]- 624.76661 100 622.76956 93.46 626.76366 72.22 


Cl14 [M-Cl]- 658.72763 100 656.73058 84.98 660.72468 80.23 


Cl15 [M-Cl]- 692.68866 100 694.68571 88.25 690.69161 77.9 


C16 


Cl5 [M-HCl]- 362.09211 100 360.09506 77.7 364.08916 48.26 


Cl6 [M-HCl]- 396.05314 100 398.05019 64.31 394.05609 62.19 


Cl7 [M-Cl]- 431.02199 100 433.01904 80.36 429.02494 51.85 


Cl8 [M-Cl]- 464.98302 100 466.98007 96.4 468.97712 51.63 


Cl9 [M-Cl]- 500.9411 100 498.94405 88.94 502.93815 64.25 


Cl10 [M-Cl]- 534.90212 100 532.90507 77.84 536.89917 74.94 


Cl11 [M-Cl]- 568.86315 100 570.8602 85.62 566.8661 69.21 


Cl12 [M-Cl]- 602.82418 100 604.82123 96.3 600.82713 62.3 


Cl13 [M-Cl]- 638.78226 100 636.78521 93.47 640.77931 72.22 


Cl14 [M-Cl]- 672.74328 100 670.74623 84.98 674.74033 80.23 


Cl15 [M-Cl]- 706.70431 100 708.70136 88.23 704.70726 77.91 


Cl16 [M-Cl]- 740.66534 100 742.66239 96.25 738.66829 71.92 


C17 


Cl5 [M-HCl]- 376.10776 100 374.11071 77.72 378.10481 48.25 


Cl6 [M-HCl]- 410.06879 100 408.07174 62.2 412.06584 64.3 


Cl7 [M-Cl]- 445.03764 100 447.03469 80.35 443.04059 51.86 


Cl8 [M-Cl]- 478.99867 100 480.99572 96.39 482.99277 51.61 


Cl9 [M-Cl]- 514.95675 100 512.9597 88.95 516.9538 64.24 


Cl10 [M-Cl]- 548.91777 100 546.92072 77.85 550.91482 74.93 


Cl11 [M-Cl]- 582.8788 100 584.87585 85.61 580.88175 69.22 


Cl12 [M-Cl]- 616.83983 100 618.83688 96.3 614.84278 62.31 


Cl13 [M-Cl]- 652.79791 100 650.80086 93.47 654.79496 72.21 


Cl14 [M-Cl]- 686.75893 100 684.76189 85 688.75599 80.23 


Cl15 [M-Cl]- 720.71996 100 722.71701 88.25 718.72291 77.92 


Cl16 [M-Cl]- 754.68099 100 756.67804 96.25 752.68394 71.93 


Cl17 [M-Cl]- 790.63907 100 788.64202 95.9 792.63613 77.01 
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Mass spectral acquisition parameters for some LCCPs on GC-ECNI-HRMS with quantification ion (Q) and confirmation 


ions (CF1, CF2). Numbers beside m/z values indicate relative abundance of the isotopologue used for quality control. 
 


 
 


Homologue group Ion Q [m/z] % CF1 [m/z] % CF2 [m/z] % 


C18 


Cl5 [M-HCl]- 390.1231 100 388.12636 78.14 392.12046 47.99 


Cl6 [M-HCl]- 424.08444 100 426.08149 63.99 422.08739 62.51 


Cl7 [M-Cl]- 459.05329 100 461.05034 79.99 457.05624 52.09 


Cl8 [M-Cl]- 493.01432 100 495.01137 95.99 497.00842 51.19 


Cl9 [M-Cl]- 528.97239 100 526.97535 89.3 530.96945 63.99 


Cl10 [M-Cl]- 562.93342 100 560.93637 78.14 564.93047 74.66 


Cl11 [M-Cl]- 596.89445 100 598.8915 85.32 594.8974 69.45 


Cl12 [M-Cl]- 630.85545 100 632.85253 95.99 628.85843 62.51 


Cl13 [M-Cl]- 666.81356 100 664.81651 93.76 668.81061 71.99 


Cl14 [M-Cl]- 700.77458 100 698.77753 85.24 702.77163 79.99 


Cl15 [M-Cl]- 734.73561 100 736.73266 87.99 732.73856 78.14 


Cl16 [M-Cl]- 768.69664 100 770.69369 95.99 766.69959 72.12 


C19 


Cl5 [M-HCl]- 404.13906 100 402.14201 78.14 406.13611 47.99 


Cl6 [M-HCl]- 438.10009 100 440.09714 63.99 436.10304 62.51 


Cl7 [M-Cl]- 473.06894 100 475.06599 79.99 471.07189 52.09 


Cl8 [M-Cl]- 507.02997 100 509.02702 95.99 511.02407 51.19 


Cl9 [M-Cl]- 542.98804 100 540.99099 89.3 544.98509 63.99 


Cl10 [M-Cl]- 576.94907 100 574.95202 78.14 578.94612 74.66 


Cl11 [M-Cl]- 610.9101 100 612.90715 85.32 608.91305 69.45 


Cl12 [M-Cl]- 644.87113 100 646.86818 95.99 642.87408 62.51 


Cl13 [M-Cl]- 680.82921 100 678.83216 93.76 682.82626 71.99 


Cl14 [M-Cl]- 714.79023 100 712.79318 85.24 716.78728 79.99 


Cl15 [M-Cl]- 748.75126 100 750.74831 87.99 746.75421 78.14 


Cl16 [M-Cl]- 782.71229 100 784.70934 95.99 780.71524 72.12 


C20 


Cl5 [M-HCl]- 418.15471 100 416.15766 78.14 420.15176 47.99 


Cl6 [M-HCl]- 452.11574 100 454.11279 63.99 450.11869 62.51 


Cl7 [M-Cl]- 487.08459 100 489.08164 79.99 485.08754 52.09 


Cl8 [M-Cl]- 521.04456 100 523.04267 95.99 525.03972 51.19 


Cl9 [M-Cl]- 557.00369 100 555.00665 89.3 559.00075 63.99 


Cl10 [M-Cl]- 590.96472 100 588.96767 78.14 592.96177 74.66 


Cl11 [M-Cl]- 624.92575 100 626.9228 85.32 622.9287 69.45 


Cl12 [M-Cl]- 658.88678 100 660.88383 95.99 656.88973 62.51 


Cl13 [M-Cl]- 694.84486 100 692.84781 93.76 696.84191 71.99 


Cl14 [M-Cl]- 728.80588 100 726.80883 85.24 730.80293 79.99 


Cl15 [M-Cl]- 762.76691 100 764.76396 87.99 760.76986 78.14 


Cl16 [M-Cl]- 796.72794 100 798.72499 95.99 794.73089 72.12 
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These correction factors are to be used by multiplying the homologue group responses (either 


peak areas or relative responses) with the factor corresponding to the number of chlorine 


atoms in the original homologue, not the actually detected ion. They were determined using a 


GC-ECNI-Orbitrap-HRMS instrument. For more details, please refer to the corresponding 


publication [1]. 


 


 


 


 
 
 
 
In 2021, Sprengel et al. published a more detailed list of empirically determined correction 


factors for SCCPs and MCCPs when using GC-ECNI-LRMS [2]. 


 


 C10 C11 C12 C13 C14 C15 C16 C17 


Cl4 25 25 25 25 25 25 25 25 


Cl5 2 5 5 5 5 5 5 5 


Cl6 0.5 1 1 1 1 1 1 1 


Cl7 0.25 0.5 0.5 0.5 0.5 0.5 0.5 0.5 


Cl8 0.5 0.25 0.25 0.25 0.5 0.5 0.5 0.5 


Cl9 1 0.5 0.5 0.5 0.5 1 1 1 


Cl10 1 1 1 1 1 2 2 2 


Cl11 2 2 2 2 2 20 20 50 


Cl12 10 10 10 10 20 100 100 200 


Cl13 - 20 20 100 100 200 200 500 


Cl14 - 50 100 200 200 500 500 500 
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Introduction 


 


The separation of SCCPs and MCCPs in GC-ECNI-LRMS by nominal mass and retention time 


alone is not always possible, leading to mass interferences in the resulting chromatograms. 


While attempts at manually separating interfering CPs by cropping the peak humps or similar 


methods is inadvisable, instrument operators are nevertheless able to at least estimate the 


severity of interference in the sample. 


 


To help with this very subjective task, the following pages show extracted ion chromatograms 


(EICs) of SCCPs and MCCPs in separate technical standards of SCCP 51.5%Cl, SCCP 


63%Cl, MCCP 42%Cl and MCCP 57%Cl at 10 µg/mL, respectively. Analyses were performed 


on an Agilent 7000D gas chromatograph-triple quadrupole mass spectrometer operated in 


electron capture negative ionization mode (GC-ECNI-LRMS) using single ion monitoring (SIM) 


according to methods of McGrath et al., 2021. Observations were confirmed by a second 


laboratory using a similar instrument set-up but slightly different analysis methods. 


 


On the following pages, horizontal axes of chromatograms show instrument response and 


vertical axes show retention time in minutes. Values written in black and blue indicate 


quantitative and qualitative m/z, respectively, as corresponds to the colours of chromatograms, 


while grey shading indicates integrated area of quantitative peak. IS peaks labelled in C13-Cl5 


chromatograms indicate internal standard 13C10-1,3,3,5,6,10-hexachlorodecane, which shares 


isotopic overlap at this m/z. For further information, please refer to the original publication [1]. 
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The definitions of general terms given in section 1.1 of the guidance document have been 


subject to rigorous discussions inside the CWG CP. As many of the IUPAC Goldbook 


definitions cannot be directly projected on CPs, examples for our chosen definitions or 


interpretations of the IUPAC definitions are given below. 


 


Examples of 6 CP congeners 


 Two CP congeners can belong to the same or to different CP homologue groups. 


 CP congeners (1) and (2) belong to the same C12Cl6 homologue group (they are 
isomers). 


 Congeners (1), (3), (4), (5) and (6) are not homologues since they belong to different 
homologue groups (they are not isomers). 


 


 
 


 


Examples of CP congeners constitutive of the C12Cl6 homologue group 


 These CP congeners are isomers. 


 The C12Cl6 homologue group embeds all CP congeners of molecular formula C12H20Cl6. 
They are not discriminated by mass spectrometry. Their chromatographic separation 
results in a hump. 
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Examples of isotopologues that belong to congener (1) from the first example, 
1,3,5,6,9,10-hexachlorododecane 
 


 When considering the 12C isotope for C and the 1H isotope of H only, the CP congener (1) 
is composed of 7 isotopologues arising from 35Cl and 37Cl isotope substitutions. Their 
isotopic compositions are 12C12


1H20
35Cl6, 12C12


1H20
35Cl537Cl, 12C12


1H20
35Cl437Cl2, 


12C12
1H20


35Cl337Cl3, 12C12
1H20


35Cl237Cl4, 12C12
1H20


35Cl37Cl5, 12C12
1H20


37Cl6. 


 


 
The resulting theoretical mass spectrum of these 7 isotopologues (bottom) is composed 


of 7 peaks. Each example CP entity contributes to a single isotopologue peak. 


 


 


 Entities (1.1), (1.2), (1.3) and (1.6) 


belong to different isotopologues of 


the CP congener (1). 


 Entities (1.2), (1.4) and (1.6) belong 
to the same isotopologue of the CP 
congener (1) and of isotopic formula 
12C12


1H20
35Cl537Cl. 
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Examples of CP entities that belong to the 12C12
35Cl537Cl isotopomer group of the 


C12Cl6 homologue group 
 


 The 12C12
35Cl537Cl isotopomer group embeds all CP entities of isotopic formula 


12C12H20
35Cl537Cl. They are not discriminated by mass spectrometry. Their 


chromatographic separation results in a hump. 


 The resulting theoretical mass spectrum of the 12C12
35Cl537Cl isotopomer group 


corresponds to a single peak at 375.96666679 a.m.u. 


 When considering the 12C isotope for C and the 1H isotope of H only, the C12Cl6 


homologue group is composed of 7 isotopomer groups arising from 35Cl and 37Cl isotope 


compositions. Their isotopic compositions are 12C12
1H20


35Cl6, 12C12
1H20


35Cl537Cl, 
12C12


1H20
35Cl437Cl2, 12C12


1H20
35Cl337Cl3, 12C12


1H20
35Cl237Cl4, 12C12


1H20
35Cl37Cl5, and 


12C12
1H20


37Cl6. 


 
 


 


The resulting theoretical mass spectrum of these  


7 isotopomer groups is composed of 7 peaks and is 


identical to the above-illustrated mass spectrum for 


isotopologues of CP congener (1). Each example 


CP entity contributes to the same isotopomer group 


peak. 


 


 Entities (1.2), (1.4) and (1.6) belong to the CP 


congener (1). 


 Entities (2.1) and (2.2) belong to the CP 


congener (2). 
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PREFACE AND SCOPE OF THIS DOCUMENT 

Chlorinated paraffins (CPs) are high-production volume chemicals used in various industries 

as plasticizers, high-pressure lubricants or flame retardants. Annual CP production was pre-

dicted as superseding 1 million tons in 2016, with further increase expected especially on the 

Chinese market [1]. Depending on the desired properties, different alkane feedstocks are chlo-

rinated to a specific degree. CPs are commonly categorized by alkyl chain lengths in three 

main groups: short-chain chlorinated paraffins (SCCPs, C10- to C13-alkanes, 40-70% chlorine), 

medium-chain chlorinated paraffins (MCCPs, C14- to C17-alkanes, 30-70% chlorine) and long-

chain chlorinated paraffins (LCCPs, C>17-alkanes, chlorination degree varies widely). All tech-

nical CP products are composed of several thousand congeners with varying degrees of chlo-

rination. Analytically, these mixtures cannot be individually characterised at present, so there 

is little knowledge about individual chemical structures or whether any configurations predom-

inate.  

SCCPs have proven to be persistent [2], bioaccumulative [3–5] and toxic [6–8]. Some of these 

properties have also been reported for MCCPs [3–6,9–11] and LCCPs [4,5,12], and this data 

continues to grow, but currently only SCCPs have been regulated as POPs under the Stock-

holm Convention [13]. However, as SCCPs have declined in production and the manufacturing 

focus has moved to MCCPs/LCCPs [14], some of which have already shown evidence of PBT 

characteristics [11], it would be prudent to follow the precautionary principle and include these 

CPs as well, for surveillance. 

The risk assessment of CPs published by the European Food Safety Authority (EFSA) early 

2020 noted limitations in the toxicokinetic and toxicological database and limited data on the 

occurrence of SCCPs and MCCPs in food. A robust exposure assessment, a risk characteri-

sation and consequently a complete risk assessment could not be performed [15]. A broad 

monitoring of CPs in food and the environment is needed to collect occurrence data for robust 

exposure estimates to identify any environmental concerns and in order to support regulatory 

efforts. However, the complexity of CP products engenders an analytical challenge and no 

general standardised analytical method could be established to date. So far there is only a 

standardised method for SCCPs drinking water available [16], which has been adapted for the 

analysis of sediments [17] and leather [18] and currently is in the process of adaptation for 

SCCPs and MCCPs in textiles [19].  

For food and feed samples, a large variety of methods based on different principles and using 

many instruments has been reported in the literature [20–22]. Although interlaboratory studies 

showed marked improvement in comparability, still there are difficulties when different quanti-

fication methods or instrument types are being used [16,23,24]. These factors make laborato-

ries often very hesitant to start establishing CP analysis.  

To improve comparability and to support the exchange of information, the EURL for halogen-

ated POPs (former EURL for Dioxins and PCBs) in Feed and Food has established a Core 

Working Group (CWG) on CPs in 2016. It quickly realised that one standardised analytical 

method for food and feed was not feasible given the diversity of methodologies and instrumen-

tation, and focused instead on comparing method performance.  
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A current aim of the CWG is to compile guidance on a set of analytical parameters that would 

lead to satisfactory method performance, together with analytical standards and advice on the 

levels of quantification. This document compiles these parameters as well as an example of a 

method that provides the required level of performance. It is intended as general guidance for 

laboratories and particularly for those that do not have an existing method. In contrast to other 

guidance documents published by the EURL, the uncertainties in CP analysis (as elaborated 

further over the course of this document) do not support the establishment of validated analyt-

ical criteria that are commonly used for other contaminants. Thus, the main goal of this doc-

ument is to provide guidance to establish CP analysis in food and feed throughout the 

European Union as part of the EURL’s official mandate and scope of work. 
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1. Definition of analytes 

Chlorinated paraffins are complex mixtures of several thousand compounds. As such, there is 

no binding definition or a definite CAS number available (currently, more than a dozen CAS 

numbers are active for chlorinated paraffins) to characterize the analytes or analyte groups. In 

fact, CPs currently produced often do not always adhere to the rough labels of SCCPs, MCCPs 

and LCCPs but are rather characterized by their overall average chlorination degree [25].  

EFSA categorized CPs by carbon chain length (SCCPs: C10-C13, MCCPs: C14-C17, LCCPs: C18 

and higher, [15]), while the Stockholm Convention listing for SCCPs is more specific, as C10-

C13, min. 48% Cl [13]. In order to harmonize the analytical efforts and clarify reporting, the 

following analyte definitions are proposed. 

1.1 General terms 

Beside the actual analytes or analyte groups, there are also some other frequently used 

terms with differing definitions. This guidance document follows the IUPAC Gold Book as 

much as possible, with restrictions relevant to the scope. Stereochemistry is not taken into 

consideration in this document. Examples and interpretations are provided in Annex VII. 

 

1.1.1 Isomer 

One of several molecules with the same molecular formula but different line formu-

lae, e.g. CH3OCH3 and CH3CH2OH, both with molecular formula C2H6O. 

1.1.2 Congener 

One of several molecules related to each other by origin, structure, or function. 

1.1.3 Chlorinated paraffin (CP), or CP congener 

A CP congener is a molecule of chemical formula CnH2n+2-xClx, with a defined po-

sitioning of Cl atom substitutions on the carbon backbone, e.g. 2,3,5,6,9,10-hexa-

chlorododecane.  

1.1.4 CP homologue group 

One complete group of CP isomers, e.g. the C12Cl6 homologue group contains all 

CP congeners with the molecular formula C12H20Cl6. Sometimes shortened to 

“homologue” or called “congener group” in the literature. 

1.1.5 CP isotopologues 

One of the molecular entities of a CP congener that differ only in isotopic compo-

sitions, e.g. 12C12
1H20

35Cl6, 12C12
1H20

35Cl537Cl and 12C12
1H20

35Cl437Cl2. They mani-

fest as different peaks in the mass spectrum. 

1.1.6 CP isotopomer 

One of the molecular entities that, within a CP homologue group, exhibit the 

same isotopic composition, e.g. 2,3,5,6,9-35Cl5,10-37Cl-dodecane and 2,3,5,9,10-
35Cl5,8-37Cl-dodecane. 

1.1.7 CP isotopomer group 

One entire set of CP isotopomers, e.g. the 12C12
35Cl537Cl isotopomer group. The 

mass spectrum of each group corresponds to a single peak. 
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1.2 CP groups 

The following parameters are based on mass spectrometric analysis. The criteria for posi-

tive identification of compounds (see section 7.1) should be applied to all data as far as 

possible. If sub groups (e.g. ΣSCCPs, ΣMCCPs) cannot be quantified with the method in 

use, then the corresponding sum parameter (e.g. ΣCPs) cannot be reported. Instead, the 

parameter “total CPs” should be applied. 
 

1.2.1 Sum of SCCPs (ΣSCCPs) 

Defined as the sum of SCCPs, calculated as C10-C13 based on at least the sum of 

all corresponding Cl5-Cl9 congeners (five most abundant homologue groups for GC 

and LC instruments, more if possible).  
 

1.2.2 Sum of MCCPs (ΣMCCPs) 

Defined as the sum of MCCPs, calculated as C14-C17 based on at least the sum of 

all corresponding Cl6-Cl10 congeners (five most abundant homologue groups for 

GC and LC instruments, more if possible).  
 

1.2.3 Sum of LCCPs (ΣLCCPs) 

Defined as the sum of LCCPs, calculated as C18-C36. Due to the wide range of 

compounds included in this parameter, no further characterization is given at this 

time. 

 

1.3 Sum of CPs (ΣCPs, ΣCPsLC) 

For GC-based methods, this is defined as sum of ΣSCCPs and ΣMCCPs. For LC-based 

methods, this definition is expanded to include ΣLCCPs. Due to this difference in definition, 

it is necessary to indicate if LCCPs are included in the sum parameter, e.g. by using an 

index (ΣCPsLC or alternatively ΣCPsC10-Cx if not the full range defined for ΣLCCPs has been 

analysed). 

  

1.4 Chain length specific results (ΣCi, optional) 

Sum parameter for CPs of a certain carbon chain length. The same minimum homologue 

groups and criteria for positive compound identification as for the corresponding group pa-

rameters apply. Example: ΣC14 – sum of all MCCPs with 14 carbon atoms, including at 

least congeners with six to ten chlorine atoms. 

 

1.5 Total CPs (alternative parameter to sum of CPs) 

Concentration of all CPs detected in a sample, without distinction of groups, chain lengths 

or homologue groups. Depending on the instrument used, this parameter may include 

LCCPs. Since this is meant as a parameter for semi-quantitative analysis only, no further 

distinction of the parameter by the instrument or method (e.g. through an index) is neces-

sary. Total CPs can also be determined by non-mass spectrometric or low resolution-

MS/MS methods, though appropriate sample preparation is necessary to remove co-elut-

ing organohalogens (see also section 2.2).  

In those cases, the full resulting peak hump should be integrated for quantification. Chro-

matographic peak humps caused by CPs are very distinct in their form independent of the 

GC instrument set-up used and therefore easily differentiated from mineral oil 
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(MOSH/MOAH) humps or similar signals (example in Figure 1 and 2). Typical mass tran-

sitions for GC-EI-MS/MS are m/z 102→67, m/z 102→65 and m/z 91→53 [26,27].  

 

 
Depending on choice of instrument and quantification method, the range of possible results 

includes a qualitative evaluation (CPs are found/not found), an estimation of total CP con-

tamination levels (low/medium/high contamination) and a quantitative result for all CPs in-

cluded in this analysis. For more information on the different types of results and how to 

report them, please refer to section 6 of this document (Reporting).  

 

All of the definitions above should be applied as far as signals have been detected and could 

be quantified using the chosen quantification method. In general, results should only be re-

ported alongside information on the method, instrument and possible restrictions used during 

quantification. 

2. Sample preparation 

2.1 Pre-cleaning and decontamination of laboratory glassware and equipment 

Since CPs are currently in use in a variety of applications including as plasticisers in soft poly-

mers, seals or computer components. It is vital to check the laboratory background and blank 

levels before sample preparation and analysis 

begins. These checks should be repeated dur-

ing each sample batch even once the method 

is established, as blank levels might change 

over time (see also section 7.3). Solvents, re-

agents and particularly, automated systems 

should be checked during method develop-

ment to ensure that the background is not sig-

nificant. It is helpful to replace most plastic 

components in the laboratories with either Tef-

lon or metal alternatives and pre-rinse all 

glassware.  

Figure 1. Total ion current chromatogram of a 

SCCP (black) and MCCP (red) standard obtained 
by GC-ECNI-HRMS. 

Figure 1. MOSH (green) and MOAH (black) compounds 

on Rxi-5Sil MS and Hydroguard-treated MXT with Allure 
Silica (Online LC/GC Coupling). Source: 

https://www.restek.com/chromatogram/view/GC_FS0500  

 

Figure 2. Storage of glassware sealed with aluminium 

foil to keep out dust. 

https://www.restek.com/chromatogram/view/GC_FS0500
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Especially freeze-drying has been shown to introduce large amounts of S/MCCPs (old instru-

ments) or even LCCPs (especially new instruments) to the samples (Figure 4). Persisting con-

tamination issues might also be resolved by heating and pre-extracting all chemicals and filters 

before use and checking the solvents directly for impurities. In general, pesticide-grade or 

analysis-grade solvents have proven to be mostly CP free. 

 

 

2.2 Possible extraction and sample clean-up methods 

Reagents and equipment that are used for CP analysis are similar to those used for PCB and 

PCDD/F analysis and are commercially available. Methods of preparation for food or feed 

samples are described simi-

larly in the literature. Basic 

schematics of the procedures 

used by participants of the 

first and second round of the 

EURL interlaboratory study 

on CPs [23] are given in Fig-

ure 5. Analysis of these sche-

matics shows that the combi-

nation of sample preparation 

modules is not considered to 

be a major influencing factor 

for CP analysis.  

Sample extraction can also 

be done in a similar way to 

PCDD/F and PCB analysis 

using heated solvents (e.g. 

Soxhlet or Twisselmann ex-

traction), pressurized liquid 

extraction (PLE or ASE, several solvent combinations) or cold extraction (e.g. dichloro-

methane/n-hexane 1:1 v/v). An overview of reported sample extraction strategies is given in 

Annex I, with a full example method for (completely manual) sample preparation in Annex II. 

Figure 3: CP homologue 

groups summed by carbon 
chain length found in milk 
without drying, drying in an 
old freeze dryer and drying 
in a recently bought freeze 
dryer. Data and graphic 
courtesy of Marie Mézière, 
LABERCA-Oniris, France. 

Figure 4. Sample preparation and clean-up methods reported by partici-

pants of EURL interlaboratory studies of CPs. Figure taken from Krätschmer 
and Schächtele, 2019. 
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3. General categorisation of instruments 

3.1 Gas chromatography, liquid chromatography, direct introduction into the ion 

source 

All analytical methods described in this document either separate analytes in a gaseous or 

liquid phase or offer no separation at all, as the analyte is directly introduced into the ion source. 

Depending on the choice of separation method, the resulting CP peaks will show very different 

characteristics: 

Gas chromatography leads to a hump sig-

nal which is often further characterized by 

multiple noise-like shoulders, as is shown in 

Figure 6. Although the presence of other 

analytes or matrix signals might conceal the 

hump in a TIC, the extracted mass traces 

should reveal this or a similar shape. Even 

chain-length specific mixture standards or 

extracted homologue group mass traces will 

show at least two, more often three of these 

substructures. Depending on origin or sam-

ple matrix, the ratio between the sub-structures may vary; nevertheless, they will always be 

present and clearly defined (Figure 6). Each peak/shoulder does not represent a homologue 

or chain length group so separation by segmenting the TIC based on retention time only is not 

feasible. 

Liquid chromatography does not yield hump shapes similar to those observed in GC, but 

rather comparatively smoother humps similar to those seen obtained from MOSH/MOAH anal-

ysis (Figure 2, Figure 7A). These types of shape do not always translate down into single 

chain length CP standards and extracted mass traces of homologue groups and appear, de-

pending on signal smoothing, similar to GC chromatograms instead (Figure 7B).  

In contrast, direct introduction of sample material into the ion source of an LC-based system 

does not provide any chromatographic separation but rather a chronogram with a single peak 

indicating time of injection (Figure 7C). As there is no separation, analysis time is reduced to 

less than a minute. However, as there is no retention window, an important factor for correctly 

Figure 5: GC chromatogram of a mixture of SCCPs and 

MCCPs. Overlaid and filled in red is a corresponding ex-
tracted homologue peak (here: C16H27Cl7). 

S/MCCPs LCCP

s 

Figure 6: (A) LC chromatogram of a mixture of SCCPs, MCCPs and LCCPs. The latter appears as a second, 

separate hump with the gradient used in this method. No substructures are observed here. (B) The same shape is 
found in extracted homologue group chromatograms (here: C11H11Cl13). Figures kindly provided by M. Mézière, 
LABERCA, France. (C) Direct injection APCI-QTOF-HRMS chronogram of CPs. This method does not allow for 
separation, so that all sample material enters the ion source at the same time. Taken from Bogdal, Alsberg et al. 
2015 [37].  
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identifying homologue groups in the observed data is not applicable. Still, all LC-based meth-

ods offer increased selectivity in the presence of several other halogenated POPs, which is 

helpful especially in samples with higher overall POPs contamination (e.g. fish samples). Ad-

ditionally, only LC-based systems are able to detect and quantify LCCPs with chain lengths 

above C20, which are less volatile and therefore not suitable for analysis in GC-based systems. 

3.2 Semi-quantitative analysis 

The goal of semi-quantitative analysis is determination of the general CP contamination level, 

i.e. total CP content of a sample. Mass spectrometric methods are not absolutely necessary 

to achieve this goal.  

Electron capture detection (ECD), usually used with 1-30 m 100% Dimethylpolysiloxane 

(DB-1 or DM-1) columns, provides gas chromatograms that only show the CP hump. If used 

with a GC×GC set-up, ECD results can also give further information on CP groups and even 

homologue groups [28–30].  

Another option would be electron ionisation mass spectrometry ((GC-)EI-MS). Literature 

shows the use of (5%-Phenyl)-methylpolysiloxane (DB-5) columns of 15-60 m length and 

source electron energy of 70 eV. This comparatively hard ionisation method leads to strong 

fragmentation, which prevents easy access to further homologue group or pattern information. 

On the other hand, GC-EI-LRMS or MS/MS is often used in other routine analyses and there-

fore available in most laboratories. Electron ionisation coupled with high resolution MS on the 

other hand is able to quantify CP groups or even homologue groups [26,31,32]. An example 

instrument method can be found in Annex III. 

 

3.3 Quantitative analysis of CP groups (chain length specific patterns) 

In order to quantify SC-, MC- and LCCP groups separately, mass spectrometric detection with 

softer ionisation techniques is required. The most commonly used instrumentation for this anal-

ysis is GC (15-30 m DB-5) with negative chemical ionisation/electron capture negative ion 

low resolution MS (NCI-LRMS, ECNI-LRMS). [25, 28–35]. In all cases, the most abundant 

[M-Cl]- signals are used for quantification of CP groups based on homologue group-specific 

masses. To cover all chosen mass signals, often several GC runs are necessary for the same 

sample. Methane is most commonly used as reaction/moderating gas but ammonia or argon 

can also be used. The temperature of the ion source can also be varied and LRMS can also 

be exchanged for high(er) resolution mass spectrometers. Recently, McGrath et al. [33] found 

evidence of strong matrix enhancement for CPs which also needs to be accounted for during 

quantification, i.e. through use of a suitable recovery standards (see section 4.2). 

Atmospheric pressure chemical ionisation (APCI) with time-of-flight (TOF) MS detection is 

another soft ionisation technique. Direct injection without chromatographic separation [36–38] 

leads to one compressed signal with an analysis time of 1-2 min. Full scan mode allows post-

run examination of all CPs by extracting specific data. Compared to ECNI-MS, fewer false 

positive results are expected. As for all LC-based methods, the addition of dichloromethane to 

the eluent before ionisation shifts the formation of fragment ions towards [M+Cl]-, which is 
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supposed to show fewer interferences than [M-Cl]- CP ions and increases overall analyte re-

sponses through the higher chlorination degree of the ions. Special quantification methods and 

data treatment strategies are needed to process the raw data of the direct injection method.  

More recently, liquid chromatography with electrospray ionisation (LC-ESI-MS), some-

times with DCM enhancement, was also introduced for CP analysis [39,40]. Depending on 

available quantification standards and the resolution of the chosen mass spectrometer, quan-

tification by chain lengths and possibly also determination of information on homologue group 

patterns is possible. Example instrument methods for LC-ESI-QTOF-MS and GC-ECNI-

LRMS(/MS) can be found in Annex III. 

 

3.4 Quantitative analysis of CP groups (homologue group patterns) 

Attaining additional information on homologue group patterns needs high (R>20,000 FWHM) 

or even very high (R>100,000 FWHM) mass resolution, often in the form of Orbitrap, Iontrap, 

Fourier Transformation Ion Cyclotron Resonance (FT-ICR) or the newer TOF mass spectrom-

eters. Due to the available configurations of these mass detectors, gas chromatography, liquid 

chromatography and direct injection of the sample into the ion source are possible.  

Generally, the literature describes homologue group patterns derived from soft ionisation tech-

niques (ECNI/NCI, APCI, ESI) as smaller fragment ions do not allow specific enough conclu-

sions on the corresponding homologue group to be of use [34–38]. Example instrument meth-

ods for LC-HESI- HRMS and GC-ECNI-HRMS can be found in Annex III. 

 
Figure 7: Effect of correction factors on GC-ECNI-HRMS response patterns compared to LC-ESI-HRMS response 

patterns. 

Based on currently available methods, homologue group patterns have been found to have 

little comparability between instruments and quantification strategies [23,39]. Especially for 

ECNI-based results, the use of correction factors has been proposed to increase comparability 

[39]. Such corrections have the strongest effect on low chlorinated CP patterns, as ECNI-MS 

has a particularly low sensitivity to these and consequently overestimates higher chlorinated 

homologue groups in the pattern instead (Figure 8). A list of correction factors can be found 

in Annex IV. 
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3.5 Comparison of methods 

Table 1:Summary of the methods presented in the previous sections with advantages and disadvantages. 

 

 

As additional information to help choose an instrument, the next table shows the results of 

interlaboratory studies on CPs (in fortified fat samples) organised by the EURL sorted by in-

strument. Please keep in mind that although the instruments might have been similar, the 

rest of the methods might notably differ between laboratories!  

Method Quan level Advantages Disadvantages 

GC-FID 

total CP  low chlorinated CPs detecta-

ble 

 no information about congener 

pattern attainable 

 no specificity 

GC-ECD 

total CP  low chlorinated CPs detecta-

ble 

 quick determination of total 
CP  

 GCxGC needed for qualitative 

identification of CPs, otherwise 

only one “hump” 

GC-EI-MS  

MS/MS: total CP  
 
HRMS: 
ΣSCCPs, 
ΣMCCPs, ΣCPs; 
ΣCi 

 response is influenced neither 

by chlorination degree nor by 

the chain length 

 equipment available in most 

dioxin/ PCB laboratories 

 high degree of fragmentation 

 no information about homologue 
group pattern attainable 

GC-ECNI-
MS  

ΣSCCPs, 
ΣMCCPs, ΣCPs, 
ΣCi 

 
HRMS: homo-
logue group pat-
terns 

 equipment available in most 

dioxin/ PCB laboratories 

 most commonly used in publi-

cations → comparable results 

 

 interferences with other organo 

halogenated compounds with 

same retention time (e.g. PCBs) 

 interferences within CP homo-
logue groups (overlapping frag-
ment ions and molecule ions; not 
with more expensive HRMS) 

 problems with low chlorinated 

CPs 

direct in-
jection 
APCI-MS 

ΣSCCPs, 
ΣMCCPs, 
ΣLCCPs; 
ΣCPLC, ΣCi 

 
HRMS: homo-
logue group pat-
terns 

 no column necessary (run 

time < 1min) 

 simultaneous quantification of 

MCCPs and LCCPs possible 

 less false positive results due 
to freak ions low interferences 
by DCM addition to eluent  

 expensive equipment 

 complex quantification 

 authentic quantification standards 

necessary 

  

LC-ESI-
MS 

ΣSCCPs, 
ΣMCCPs, 
ΣLCCPs; 
ΣCPsLC, ΣCi 

 
HRMS: homo-
logue group pat-
terns 

 LCCPs detectable 

 low chlorinated CPs de-
tectable 

 less false positive results due 
to freak ions low interferences 
by DCM addition to eluent 
 

 expensive equipment 

 complex quantification 

 authentic quantification standards 

necessary 

 problems with high chlorinated 

CPs 
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Table 2: Interlaboratory study results given as z-scores, sorted by instrument set-up (x = no participation, n = 

number of z-scores, median z-score is given in brackets). 

 

4. Choice of standards 

4.1 Quantification standards 

In terms of correctly quantifying SCCPs in the presence of MCCPs, no final conclusions con-

cerning the choice of standards alone could be made during on the basis of results from the 

interlaboratory studies, although the very relatively good results for SCCPs achieved with sin-

gle chain standards in combination with linear regression should be mentioned. In general, the 

need for more single chain standards (or any commercially available single chain standards in 

case of MCCPs) for more accurate quantification of MCCPs has become apparent. Due to the 

currently fast changing market on CP standards and the different requirements of each quan-

tification method, no definitive recommendation for quantification standards can be given here. 

Instead, some general remarks are supposed to help choosing an appropriate set of standards: 

 A wide range of chlorination degrees and standards appears to provide better re-

sults. Quantification based only on one single chain standard or one commercial tech-

nical mixture could not objectively reflect CP composition in the sample and is not rec-

ommended. 

 

 (Technical) mixture standards can be used for ΣSCCPs, ΣMCCPs, ΣLCCPs or total 

CP analysis. Additional information on chain length specific concentrations would be 

helpful as some commercially available LCCP standards also contain MCCPs and in 

some cases even SCCPs, making ΣLCCPs results calculated based on their total re-

sponse unreliable [40]. 

 

method 
z-scores  
total CP 

z-scores 
ΣCPs/ΣCPLC 

z-scores 
ΣSCCPs 

z-scores 
ΣMCCPs 

GC-FID x x x x 

GC-ECD 
-4.0 to -3.7 (-3.9) 

n=4 
x x x 

GC-EI-MS 
MS/MS: 

-1.2 to 1.1 (-0.1) 
n=14 

HRMS: 
-2.6 to -0.2 (-1.2) 

n=8 

HRMS: 
-2.1 to -0.4 (-1.5) 

n=7 

HRMS: 
-3.4 to -0.5 (-

2.8) 
n=6 

GC-ECNI-MS x 

LRMS: 
-2.5 to 5.0 (-1.3) 

n=31 

HRMS: 
-1.5 to 2.5 (0.4) 

n=16 

LRMS: 
-3.6 to 2.9 (-1.7) 

n=29 

HRMS: 
-2.0 to 1.2 (-0.1) 

n=15 

LRMS: 
-2.6 to 5.0 (-1.5) 

n=21 

HRMS: 
-1.4 to 3.9 (1.3) 

n=16 

direct injection 
APCI-MS 

x 
-4.0 to 2.5 (-0.4) 

n=17 
-4.0. to 1.8 (-0.9) 

n=15 
0.4 to 1.5 (1.1) 

n=3 

LC-ESI-MS x 
-0.6 to 1.3 (0.2) 

n=8 
-2.4 to 5.0 (0.6) 

n=12 
-1.0 to 1.5 (-0.2) 

n=8 
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 Multiple single-chain CP mixture standards can be used for all quantification meth-

ods, allowing for a metrological retraceable quantification on chain length level (lowest 

comparable quantification level to date). SCCP single chain length standards as well 

as C14 and C16 MCCP single chain standards are commercially available from LGC/Dr. 

Ehrenstorfer, a full set of MCCP single chain length standards is available upon request 

from the EURL for method development purposes. 

 

 A number of configurationally defined individual CP congener standards are avail-

able from Chiron (Trondheim, Norway) but the evidence suggests that at least the older 

ones are unsuitable without major adjustments of the methods. Apart from individual 

research requirements, these are not currently recommended. More suitable standards 

are currently in development as part of the Eurostars “Chloffin” project 

(www.chloffin.eu).  

 

4.2 Recovery and syringe (injection) standards 

Recovery standard: A standard that is added to the sample during the first step of preparation 

to account for losses during sample preparation, but not measurement. Often an isotope la-

belled compound for easy identification during analysis.  

Syringe (injection) standard: A standard that is added at the very end of sample preparation, 

immediately before instrumental analysis. Does not have to be structurally similar to the ana-

lyte, as it accounts for losses caused by problems with injection or other steps of instrumental 

analysis/measurement. 

The choice of recovery and syringe standards in publications also varied greatly, including 

isotope-labelled and unlabelled pesticides, PCBs, PBDEs and 13C-1,5,5,6,6,10-hexachloro-

decane (Dr. Ehrenstorfer, Augsburg, Germany). The latter is one of the very few available 

labelled single compound CP standards and therefore considered suitable for recovery control 

for GC methods. However, this standard is only barely or not at all detectable using LC-ESI-

MS or LC-APCI-MS; here, a suitable CP alternative has yet to be produced. Notably, many 

participants in the EURL interlaboratory study scheme reported the use of no recovery or sy-

ringe standards.  

No correlation between choice of recovery/syringe standard (or lack thereof) and z-scores 

achieved in interlaboratory exercises could be found. Schinkel et al [41] proposed 13C15H26Cl6 

as compromise for GC and LC users; as MCCP it should not only reflect behaviour of SCCPs 

but also cover MCCPs and shorter LCCPs. This compound is also assumed to be better de-

tectable in LC-MS set-ups. Currently, this compound is not yet available as standard. Until 

such a standard is available, some minimum requirements for recovery standards are sug-

gested below: 

 the standard should be isotope labelled (e.g. 13C, deuterated,…) 

 as CPs are assumed to be mostly linear, the standard should also be based on a linear 

alkane 

http://www.chloffin.eu/
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 alternatively, the standard should at least be of aliphatic nature in order to ensure prop-

erties similar to CPs during clean-up/sample preparation 

 the standard should ideally be chlorinated to ensure similar behaviour to the analytes 

during sample preparation 

 based on recent findings, the use of 6-MeO-BDE-157 as injection standard might ac-

count for matrix effects in GC systems; if that is also applicable for LC systems is cur-

rently unknown 

Further information on currently available commercial standards, their advantages and disad-

vantages, and connected analytical conundrums when trying to quantify CPs can be found in 

a separate peer-reviewed publication written by members of this Core Working Group [42]. 

5. Quantification methods 

In recent years, a general trend towards the use of high resolution mass spectrometers 

(HRMS), interfaced to gas chromatography (GC) [37,43,44] or high performance liquid chro-

matography (LC) [36,45,46] and increasingly complex data treatment regimens have been 

used.  

The quantification methods presented here are suitable for use with HRMS instruments but 

can - with the exception of Gaussian and Barycentre method - also be adapted for use with 

other MS techniques. The methods shown in Figure 9 were tested on three different instrument 

set-ups (GC-ECNI-HRMS, LC-ESI-HRMS and LC-ESI-TOF-MS) and were found to be com-

parable both to each other and to spiked amounts in fat samples. All methods presented have 

been applied to food samples and successfully participated in interlaboratory exercises. 

Recently, a simplified quantification method for screening purposes has been presented in the 

literature [47]. However, such simplified methods carry a greater risk for under- or overestima-

tion of results and are therefore currently still under investigation by the CWG CP. 

 

5.1 Linear calibration corrected for chlorination degree 

This method was primarily developed to account for GC-ECNI-MS and original linear calibra-

tion’s dependency on the chlorination degree of the sample or standard analysed. The method 

first described by Reth et al., (2005) [48] derives the total response factors and calculated 

chlorine contents for a set of CP mixture standards using the GC-ECNI-MS response of each 

analysed congener group divided by an internal standard.  

A linear regression is typically then fit to the relationship between these parameters, although 

some laboratories have reported improved results using an exponential curve [33,49]. ∑SCCP 

or ∑MCCP concentrations in samples are determined by calculating the chlorine content in 

samples and deriving the corresponding total response factor from the calibration equation. 

𝑡𝑜𝑡𝑎𝑙 𝑟𝑒𝑠𝑝𝑜𝑛𝑠𝑒 𝑓𝑎𝑐𝑡𝑜𝑟 (𝑠𝑎𝑚𝑝𝑙𝑒) = 𝑎𝑥 + 𝑏  (Eq. 1) 
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Where a is the slope of the linear regression, x the chlorine content calculated from ECNI 

analysis and b the axis intercept. The CP amount of the sample is then directly calculated as 

division of the summed relative total peak area from each of the analysed homologue groups 

by the calculated total response factor of that sample [31,50] (Equation 2). 

𝐶𝑃 𝑎𝑚𝑜𝑢𝑛𝑡 (𝑠𝑎𝑚𝑝𝑙𝑒) =
𝑟𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝑡𝑜𝑡𝑎𝑙 𝑎𝑟𝑒𝑎 (𝑠𝑎𝑚𝑝𝑙𝑒)

𝑡𝑜𝑡𝑎𝑙 𝑟𝑒𝑠𝑝𝑜𝑛𝑠𝑒 𝑓𝑎𝑐𝑡𝑜𝑟 (𝑐𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒𝑑 𝑓𝑜𝑟 𝑡ℎ𝑒 𝑠𝑎𝑚𝑝𝑙𝑒)
 (Eq. 2) 

This method was also adapted in a modified version for the ISO method on CP analysis in 

drinking water, which uses multiple linear regression of the sum of SCCPs and peak areas of 

two distinct CP masses [51], although no applications of the ISO method to food or feed ma-

trices have been reported. 

Instrumental set-up needed: at least GC-ECNI-LRMS 

Minimum requirements for standards: all standards applicable 

Type of possible results: ΣSCCPs, ΣMCCPs, ΣCPs, ΣCi 

 

5.2 Gaussian curve method  

The Gaussian curve method of Yuan et al. was published in 2017 [52] and has already been 

used for occurrence studies in food [34,53]. It was slightly modified for the purpose of integrat-

ing MCCPs [34]. In brief, the base assumption of the underlying mathematical model is a 

Gaussian distribution of the abundance of homologue groups within the same carbon chain 

length.  

For a considered chain length, the homologue group-specific relative response factors (RRFs) 

are derived from observed responses of several single-chain CP standards of varying chlorin-

ation degrees after modulation in a way that matches as closely as possible the observed and 

theoretical Gaussian distributions of all standards (Equations 3 and 4). An Excel sheet for 

calculating these RRFs is available from the EURL upon request. 

𝑓𝑖(𝐶𝑛𝐶𝑙𝑚|𝑥𝑚,  𝜎𝑖) =
1

 𝜎𝑖√2𝜋
∗ 𝑒

−
(𝑥𝑚−%𝐶𝑙𝑖)

2

2𝜎𝑖
2

  (Eq. 3) 

𝑅𝑅𝐹𝑖(𝐶𝑛𝐶𝑙𝑚) =
𝑟𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝑎𝑟𝑒𝑎𝑖(𝐶𝑛𝐶𝑙𝑚)

𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛𝑖(𝐶𝑛)∗
𝑓𝑖(𝐶𝑛𝐶𝑙𝑚|𝑥𝑚, 𝜎𝑖)

∑ 𝑓𝑖(𝐶𝑛𝐶𝑙𝑚|𝑥𝑚, 𝜎𝑖)𝑚
1

  (Eq. 4) 

In the modified method, the calculated RRFs are not directly used for quantification but rather 

as a base to calculate theoretical concentrations of individual homologue groups for a set of 

calibration mixtures. Quantification itself is then done as a simple linear calibration with a mixed 

standard, which accounts for daily changes in analysis conditions by including calibration so-

lutions in every measured batch. In general, the use of RRFs instead of RFs is recommended 

to correct for these daily changes, even if the calibration is not repeated with each batch. 

Instrumental set-up needed: HRMS (detection of homologue groups) 

Minimum requirements for standards: single chain length standards 

Type of possible results: ΣSCCPs, ΣMCCPs, ΣCPs, ΣCi, homologue group patterns 
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5.3 Barycentre method 

The Barycentre method has only recently been reported for the first time [39]. It is derived from 

the method of Reth et al. [48] that calculates a standard mixture RRF depending on its total 

chlorination degree (%Cl). Here, instead of using a total chlorination degree of a standard, a 

“barycentre” is calculated for each single-chain standard, which is the mean number of chlorine 

per chain length (Equation 5):  

𝑛𝐶𝑙 = %𝐶𝑙 ∗
𝑛𝐶∗𝑚𝐶+(2∗𝑛𝐶+2)∗𝑚𝐻

(1−%𝐶𝑙)∗𝑚𝐶𝑙+%𝐶𝑙∗𝑚𝐻
  (Eq. 5) 

with %𝐶𝑙 the provided chlorination degree of the standard, 𝑚𝐻 , 𝑚𝐶 and 𝑚𝐶𝑙 the molar masses 

of the atoms, and 𝑛𝐶 is the carbon chain length. A linear correlation between the single-chain 

standards’ barycentres and RRFs is obtained for each chain length. Interpolation and extrap-

olation enable the attribution of RRFs for each SCCP and MCCP homologue. Linearity within 

the dynamic range is usually not controlled. 

Instrumental set-up needed: HRMS (detection of homologue groups) 

Minimum requirements for standards: single chain length standards 

Type of possible results: ΣSCCPs, ΣMCCPs, ΣLCCPs, ΣCPs, ΣCi, homologue group patterns 

 

5.4 Average chain length concentration 

A comparatively simple quantification strategy that focuses on the basic principles of validated 

analysis: generally, only values generated with standards that are metrological retraceable to 

pure substances are considered valid. Based on this principle, currently available CP stand-

ards allow in most cases only quantification on chain length level. Therefore, this method 

equalled all responses gained for homologue ions to the known sum concentration of the sin-

gle-chain length standard in question.  

𝑐𝑐ℎ𝑎𝑖𝑛 = (∑
𝑎𝑟𝑒𝑎ℎ𝑜𝑚𝑜𝑙𝑜𝑔𝑢𝑒

𝑅𝑅𝐹𝑐ℎ𝑎𝑖𝑛

𝑛
𝑛𝐶𝑙=5 ) /n  (Eq. 6) 

The average of all sum concentrations gained this way is then considered the quantification 

result for the corresponding chain length. As responses of the homologue groups with very 

high or very low chlorination are less robust because of instrumental lack of sensitivity, only 

homologue groups with Cl5-Cl8 are considered. 

Instrumental set-up needed: at least GC-ECNI-LRMS 

Minimum requirements for standards: technical mixture standards, single chain length standards 

Type of possible results: ΣSCCPs, ΣMCCPs, ΣLCCPs, ΣCPs (estimation through total concentration: 

technical mixture standards), ΣCi (needs single chain length standards) 
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5.5 Deconvolution method 

The deconvolution method of Bogdal et al. [38] on technical CP mixtures is already well-inte-

grated in the CPs analysis community [54,55]. It was recently adapted from technical mixture 

to single-chain length standards by Pērkons et al. [46]. Briefly, single-chain CP mixtures are 

injected within the same sequence as the sample extracts.  

(

𝑦1,1 𝑦2,1

⋮ ⋮
𝑦1,𝑛 𝑦2,𝑛

) ∗ (
𝑥1

𝑥2
) = (

𝑠1

⋮
𝑠𝑛

) (Eq. 7) 

Each chain length profile of the samples s is then matched with a combination of two single-

chain standards of different %Cl (y1 and y2), e.g. using the R programming environment. Then, 

the quantification of each chain length is performed using the corresponding combination of 

RRFs, assuming that the response factor is independent of the concentration. 

Instrumental set-up needed: HRMS (detection of homologue groups) 

Minimum requirements for standards: all standards applicable (wide range needed) 

Type of possible results: ΣSCCPs, ΣMCCPs, ΣLCCPs, ΣCPs, ΣCi, homologue group patterns 
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Figure 8: Summary of four possible quantification methods. Figure modified based on Meziere et al, 2020 [39].
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6. Reporting 

Results should be reported in ng/g wet weight and ng/g lipid, with additional report of the sam-

ple fat content and, if available, average CP chlorine content. In all cases, results should be 

given with two significant digits, rounded using the rules in section B.2 of ISO 80000-1:2009 

(e.g. 150, 15, 1.5 or 0.15 ng/g lipid). Reports should also include: 
 

1) A brief description of the analytical method used 

2) Specification of the analytical instrument and data treatment strategy, including source 

parameters, mobile phase and modifier (LC only), type of ions included for quantifica-

tion, mass resolution and tolerance (MS) and method-specific parameters like good-

ness of fit R² (deconvolution method) 

3) (Method) limit of quantification and how it was determined 

4) Optionally, a comment regarding a check for matrix effects for the specific matrices 

reported  

5) Optionally, expanded measurement uncertainty and how it was determined 
 

When homologue group patterns are reported, appropriate correction factors [39] shall be ap-

plied to improve comparability between instruments. Additionally, a brief description of how 

response patterns were obtained shall be given as part of the data treatment strategy specifi-

cations. Analytes should only be reported as specific as they have been validated for the quan-

tification method in use (e.g. GC-ECD can only report total CP, GC-ECNI-MS can report 

ΣSCCPs and ΣMCCPs, but ΣCi only after validation; LC-based methods report ΣCPsLC instead 

of ΣCPs). For the purpose of comparing results it is absolutely important to discern between 

ΣCPs/ ΣCPsLC and total CP amount. 

7. Quality control and quality assurance 

7.1 Identification and quantification criteria 

Due to the large uncertainties and marked differences in experience between laboratories in 

the European Union at the moment, CWG CP has decided to add identification and quantifi-

cation criteria at a later point in time in a separate annex to this document. 
 

7.2 LOD/LOQ 

For the different methods of establishing a method LOD or LOQ, please refer to the Joint 

Guidance Document on LOD and LOQ determination of the four Contaminant EURLs. The 

applicable criteria for the different methods are to be chosen from section 7.1 or corresponding 

annexes of the present document as soon as they are available. 
 

7.3 Measurement uncertainty 

Measurement Uncertainty for CPs can currently only be estimated empirically. 

The evidence from five interlaboratory studies suggests that a limit of ±50% from the assigned 

value may be satisfactory. Although improvements in comparability should always be the goal, 

a general measurement uncertainty of ±50% seems more prudent at this time. However, this 
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value will be reviewed based on analytical improvements and cumulative data from further 

interlaboratory exercises. 

 

7.4 Continuous QC measures 

To ensure a stable level of analytical results, certain continuous quality control or quality as-

surance measure should be followed: 

 regular participation in interlaboratory study or proficiency test schemes (EURL, Qua-

simeme,…) 

 regular check of blank levels (ideally with each sample batch) 

 use of PT/ILS material as QC samples, ideally with each batch 

 once available, use of certified reference material (CRM) 

 especially in the case of LC-based methods, new matrices should be checked for ion 

suppression or enhancement effects, e.g. by using standard addition.  

 

As long as the certification campaign to gain a CP CRM has not concluded, the use of ILS 

material or other internal QC material is recommended to check all stages of sample prepa-

ration and analysis (one QC sample in each sample batch).  
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