
Detection
Identification
Quantification of
Chlorinated Paraffins

Bo Yuan

Department of Environmental Science, Stockholm University, Sweden

Virtual discussion meeting on chlorinated paraffins, VU AMSTERDAM, 27 August 2020

Current state of analysis



Erratum

Page 26, eq. (4) should be: 

Concentration (SCCPs)

= RF (m/z 327) × Signal (m/z 327) + RF (m/z 423) × Signal (m/z 423) + additional term

S. Geiß et al. / Microchemical Journal 119 (2015) 30–39



“CPs”



"CPs"

vSCCPs SCCPs  MCCPs  LCCPs

Homologue CxH2x+2-zClz

Postional isomer

n = 1

n = ~10,000 –

n = 4

n = ~700

4



Composition of CPs

Category
Chain length, 

x=

CxH2x+2-zClz, 
z = 

Total number of 

positional isomers*

”CPs” vSCCPs 6 1-6 35
7 1-7 71
8 1-8 135
9 1-9 271

SCCPs 10 1-10 527

11 1-11 1 055

12 1-12 2 079

13 1-13 4 159

MCCPs 14 1-14 8 255

15 1-15 16 511

16 1-16 32 895

17 1-17 65 791

LCCPs 18 1-18 131 327

19 1-19 262 655

20 1-20 524 799

21 1-21 1 049 599

22 1-22 2 098 175

23 1-23 4 196 351

24 1-24 8 390 655

25 1-25 16 781 311

26 1-26 33 558 527

27 1-27 67 117 055

28 1-28 134 225 919

29 1-29 268 451 839

30 1-30 536 887 295

*assuming no more than one chlorine atom bound to any carbon 

atom

Anal. Chem. (1997) 69, 2762-2771

Environ. Sci. Technol. 2020, 54, 7, 4356–4366

Environ. Sci. Technol. Lett. 2020, 7, 7, 496–503



Positional isomer

Category
Chain length, 

x=

CxH2x+2-zClz, 
z = 

Total number of 

positional isomers*

”CPs” vSCCPs 6 1-6 35
7 1-7 71
8 1-8 135
9 1-9 271

SCCPs 10 1-10 527

11 1-11 1 055

12 1-12 2 079

13 1-13 4 159

MCCPs 14 1-14 8 255

15 1-15 16 511

16 1-16 32 895

17 1-17 65 791

LCCPs 18 1-18 131 327

19 1-19 262 655

20 1-20 524 799

21 1-21 1 049 599

22 1-22 2 098 175

23 1-23 4 196 351

24 1-24 8 390 655

25 1-25 16 781 311

26 1-26 33 558 527

27 1-27 67 117 055

28 1-28 134 225 919

29 1-29 268 451 839

30 1-30 536 887 295

Chemosphere (2019) 69, 2762-2771

Environ. Sci. Technol. 2017, 51, 15, 10633-10641

MS: CxClz, z>x

NMR: -CCl2- and CHCl2-

HSQC-NMR spectrum of C11-CPs 62.6% Cl



Positional isomer

Category
Chain length, 

x=

CxH2x+2-zClz, 
z = 

Total number of 

positional isomers*

”CPs” vSCCPs 6 1-6 35
7 1-7 71
8 1-8 135
9 1-9 271

SCCPs 10 1-10 527

11 1-11 1 055

12 1-12 2 079

13 1-13 4 159

MCCPs 14 1-14 8 255

15 1-15 16 511

16 1-16 32 895

17 1-17 65 791

LCCPs 18 1-18 131 327

19 1-19 262 655

20 1-20 524 799

21 1-21 1 049 599

22 1-22 2 098 175

23 1-23 4 196 351

24 1-24 8 390 655

25 1-25 16 781 311

26 1-26 33 558 527

27 1-27 67 117 055

28 1-28 134 225 919

29 1-29 268 451 839

30 1-30 536 887 295

Chain length, 

x=

CxH2x+2-zClz
z = 

Total number of 

positional isomers**

14 1-12 ~800 000

*assuming no more than one chlorine atom bound to any carbon 

atom

**taking -CCl2- into account 

Anal. Chem. (1997) 69, 2762-2771

Environ. Sci. Technol. 2020, 54, 7, 4356–4366

Environ. Sci. Technol. Lett. 2020, 7, 7, 496–503



Positional selectivity

Environ. Sci. Technol. Lett. 2020, 7, 7, 496–503

Environ. Sci. Technol. 2011, 45, 2842–2849
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U.S. EPA (2015)

Environment Canada (2016)

Environ. Int. (2019) 130, 104955

Sci. Tot. Environ. (2016) 573, 1132-1146

Category
chain length 

range
homologue

”CPs” vSCCPs 6 ≤ x ≤  9 ~30 CxClz

SCCPs 10 ≤ x ≤ 13 ~50 CxClz

MCCPs 14 ≤ x ≤ 17 ~70 CxClz

LCCPs 18 ≤ x ~600 CxClz

9

Trace measurements

16.5%

83.5%
Worldwide

annual

production

CPs vS/S/M/LCCPs Cx CxClz



Identification QuantificationDetection



Detection: instrumentation

• GC-MS

• LC-MS



Chromatographic separation

GC×GC-µECD chromatogram of 2,5,6,9-Tetrachlorodecane, 

with three isomers.

HPLC chromatogram of 1,1,1,3,6,7,10,12,12,12-decachlorododecane, 

with four diastereomers.

Environ. Sci. Technol. 2011, 45, 2842–2849 J. Chromatogr. A 2020, 1610, 460550 Anal. Chem. 1999, 71, 20, 4498-4505 Chemosphere. 2020, 244, 125531

UHPLC chromatogram (ZORBAX SB-CN RRHD) 

of Cx mixture



GC-ECNI-MS

Anal. Chem., 1997, 69 (14), 2762-2771 Environ. Sci. Technol. Lett. 2018, 5, 12, 708–717 Chemosphere. 2015, 136, 259-272

[M – Cl]–

[M – HCl]–

[M + Cl]–

[M – HCl – Cl]–

[M – 2Cl]–…

• not suitable for the analysis of longer-chain CPs 

because of their low volatility

• poor ionization efficiency for homologues with Cl<5



• poor ionization efficiency for homologues with 

Cl<5 

• about 30% – 60% of SCCPs in environmental 

samples are invisible with this method 

GC-ECNI-MS
• not suitable for the analysis of longer-chain CPs 

because of their low volatility

Environ. Sci. Technol. 2016, 50, 7, 3746–3753 Environ. Sci. Technol. Lett. 2018, 5, 12, 708–717 Chemosphere. 2015, 136, 259-272

sediment, loach, frog (China) top sediment, Rhône River (France)



LC-ESI/APCI-MS

Instrument Reagent Target ions Reference

LC-APCI-MS chloroform [M+Cl]- Rapid Commun. Mass Spectrom. 2004, 18

LC-APCI-MS dichloromethane [M+Cl]- Anal. Chem. 2015, 87, 2852-2860

LC-APCI-MS bromoform [M+Br]- Environ. Sci. Technol. Lett. 2018, 5, 6, 348–353

LC-APCI-MS dibromomethane [M+Br]- Environ. Sci. Technol. 2019, 53, 18, 10835–10844

LC-ESI-MS – [M-H]- J. Chromatogr. A. 2019, 1593, 102–109

LC-ESI-MS dichloromethane [M+Cl]- Environ. Sci. Technol. 2017, 51, 3346-3354

LC-ESI-MS ammonium chloride [M+Cl]- Environ. Pollut. 2019, 255, 1133032

LC-ESI-MS ammonium bromide [M+Br]- Environ. Pollut. 2019, 255, 1133032

LC-ESI-MS ammonium formate [M+HCOO]- Environ. Pollut. 2019, 255, 1133032

LC-ESI-MS ammonium acetate [M+CH3COO]- Anal. Chim. Acta. 2016, 936, 130-138

LC-ESI-MSMS ammonium acetate [M+CH3COO]-

[M-H]-/[CH3COO]-

Chemosphere. 2020, 244, 125531



Identification: are the instrumental signal only from target CPs?



Journal of Chromatography A, 1539 (2018) 53–61 Environmental Science & Technology, 51 (2017) 10633-10641 Trends in Analytical Chemistry 106 (2018) 116–124 

Are the instrumental signal only 
from target CPs?

chlorinated (di)olefinsMass spectrum, GC-Orbitrap-MS GC chromatogram, GC-sector-MS

Target CP homologue signal



Category
Chemical 

formula
Ion formation

One 

isotope
m/z

Isotopic 

abundance
Resolution

SCCPs C11H15Cl9 [M-Cl]– m+4 430.8623 27.6% –

C11H14Cl10 [M-HCl-Cl]– m+6 430.8437 17.6% 23000

C13H22Cl6 [M+Cl]– m+8 430.9423 4.5% 5400

C13H20Cl8 [M-Cl]– m+10 430.9237 0.9% 7000

MCCPs C16H27Cl7 [M-Cl]– m+2 431.0214 30.4% 2700

C16H26Cl8 [M-HCl-Cl]– m+4 431.0029 24.3% 3100

LCCPs C18H34Cl4 [M+Cl]– m+6 431.1015 6.7% 1800

C18H32Cl6 [M-Cl]– m+8 431.0829 1.1% 2000

C21H39Cl5 [M-Cl]– m+0 431.1806 26.1% 1400

C21H38Cl6 [M-HCl-Cl]– m+2 431.1621 33.4% 1400

PCB194-205 C12H2Cl8 [M-H]– m+6 430.7498 17.5% 3800

• To resolve SCCPs, MCCPs, and LCCPs 
from each other requires a HRMS with a 
mass resolution of >7000

• To resolve individual CxClz requires a mass 
resolution > 20 000

• HRMS + MS spectrum deconvolution

• PCBs, chlordane, phthalates, etc. 

MS resolution

Journal of Chromatography A. 2020, 1619, 460927



Quantification: signal response factor 

Concentration = Instrumental signal × Response Factor (RF)
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Quantifying total SCCPs

GC-ECNI-HRMS signals

C10 C11 C12 C13

RF of a SCCP standard

Total concentration of SCCPs 

×

Anal. Chem., 1997, 69 (14), 2762-2771

Concentration (SCCPs)

=
σ instrumental signal (C𝑥Cl𝑧 of SCCPs)

)RF (the most similar SCCP std

∑

J. Chromatogr. A. 2005,108, 225–231

Rapid Commun. Mass Spectrom. 2004, 18, 2235–2240

GC-ECNI-MS

LC-APCI-MS
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Quantifying total SCCPs

GC-ECNI-HRMS signals

C10 C11 C12 C13

RF of a SCCP standard

Total concentration of SCCPs 

×

Anal. Chem., 1997, 69 (14), 2762-2771

Concentration (SCCPs)

=
σ instrumental signal (C𝑥Cl𝑧 of SCCPs)

)RF (the most similar SCCP std
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Quantifying total Cx

GC-ECNI-HRMS signals
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Concentration (C𝑥)

=
σ instrumental signal (C𝑥Cl𝑧 of C𝑥)

)RF (the most similar C𝑥 std

∑∑ ∑ ∑ ∑

Total concentrations of individual Cx

×

Environ. Pollut., 2013, 175, 16-21

RF of C10 std

×

C11 std

×

C12 std

×

C13 std



homologue-dependent ionization 
efficiency

Mézière et al. / J. Am. Soc. Mass Spectrom. 2020 van Mourik et al. / J. Chromatogr. A 2020
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Environ. Sci. Technol. 2017, 51, 10633−10641

Concentration (SCCPs)

=
σ instrumental signal (C𝑥Cl𝑧 of SCCPs)

)RF (the most similar SCCP std

Quantifying homologue CxClz
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Uncertainties in 

quantification

Specificity
Total

CPs

Total

SCCPs

MCCPs 

LCCPs

Chain 

lengths

Congener

groups

Specific 

CP 

standards

Specific 

congeners

100%

1000%

2000%

Du et al. (2018)

Yuan et al. (2017)

EU-RL interlaboratory study (2017)

van Mourik et al. (2018)

Coelhan et al. (2000)

Total concentration of SCCPs Total concentrations of individual Cx Concentrations of CxClz

Quantification uncertainties



Future directions



Quantificaion at the CxClz level
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J. Am. Soc. Mass Spectrom. (2020)

Environ. Sci. Technol. 51 (2017) 10633-10641

GC-Orbitrap-MS

LC-ESI-MSMS

Chemosphere 244 (2020) 125531



Synthesis of new reference chemicals



Interlaboratory studies 
and certified reference materials 
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