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Chlorinated paraffins (CPs) is a commonly used term for over 10,000 different 
polychlorinated n-alkanes [1]. CPs are extensively used in numerous applications (e.g. 
metalworking fluids, plastics, paints and sealants [3]), and produced in large amounts [4]. 
They have been identified in almost every environmental compartment [5], including 
remote areas [6]. By comparison, their annual production volume in China alone (ca. 1 
million tonnes [7]), is almost equal to that of the cumulative global production volume 
(ca. 1.3 million tonnes [8]) of a globally banned group of compounds, polychlorinated 
biphenyls (PCBs), which used to have similar applications (i.e. plastics, paints, sealants 
[3]). The global annual production must be even higher as information on production 
volumes is lacking from other suspected large CP producing countries such as Brazil 
and India. 
While they have been identified in many environmental matrices, accurate information 
on their levels in and potential hazard to the environment, including human, was scarce 
at the beginning of this PhD study (2014). This was mainly because of the difficulties 
that arise with the identification and quantification of CPs. CPs are multi-congeneric 
mixtures, ca. two orders of magnitude more complex than PCBs. Their commercial 
mixtures might even be more complex because of the presence of other compounds such 
as iso-paraffins. Just as for PCBs, analytical evidence of the presence of CPs has been 
available for a number of decades [10], However, in contrast to PCBs, only a limited 
number of laboratories have the expertise to analyse them accurately. In addition, analysis 
and quantification are far from standardised and concentrations are often reported as 
total CPs, or in terms of their groups (i.e. short- (C10-13), medium (C14-17) and long- 
(C>18) chain CPs). 
Polychlorinated n-alkanes is a more accurate term for CPs, and their current categorisation 
as groups (i.e. short- (SCCPs), medium- (MCCPs) and long- (LCCPs) chain CPs) is 
somewhat obsolete, which is elaborated on in Chapter 9. However, as they are currently 
better known as CPs and their groups, this term is used throughout the thesis.
SCCPs acquired persistent organic pollutant (POP) status by the Stockholm Convention 
in 2017 [11]. With this POP status, an increasing number of laboratories will need 
to report comparable and reliable results of SCCPs to authorities. While data are 
scarce, LCCPs and MCCPs are suspected of resistance to environmental degradation, 
bioaccumulation and toxic potential [12-15]. Their hazard potential in general remains 
largely uncertain due to their complexity.
Considering their high production volumes and global distribution, it is essential to 
accurately quantify their concentrations and assess their potential hazard, especially 
in regions where their levels are largely unknown. To achieve this, robust analytical 
capabilities are of critical importance. 
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1.1 Rationale of  the thesis

At the start of this PhD, no peer-reviewed data on CPs in Australia existed and the 
capability of analysing CPs was lacking, while production of CPs was suspected (i.e. 
Ixom, Melbourne). The rationale of this thesis was therefore the recognition of the need 
to advance the capabilities for analysis of CPs in order to allow for the first time a 
preliminary evaluation of their environmental and human levels in Australia. Based on 
the rationale for this thesis, there were three aims:

1. Review what is known about the occurrence and properties of these compounds, as 
well as the challenges and contemporary analytical capabilities. 

2. Improve these capabilities by developing and/or adapting two determination 
methods. Then, evaluating these two techniques, along with the existing techniques, 
to identify the most suitable one for the purposes of this study. 

3. Provide, with the most suitable technique, an initial quantification and evaluation 
of CP levels in Australia. 

1.2 Outline of  the thesis

The thesis consists of nine chapters, including this introduction and a concluding 
chapter. The first three chapters (Chapters 2-4) facilitate the first aim by undertaking 
critical reviews and four interlaboratory assessments. Chapter 2 critically reviewed 
what was known about CPs, including their production, environmental levels and fate, 
while Chapter 3 focused on what the challenges and contemporary capabilities were for 
analysing CPs before 2015. 
Chapter 5 addresses the second aim, in which the performance of two novel and two 
existing methods for SCCP determination in spiked and naturally contaminated samples 
was evaluated. In addition, SCCP concentrations in candidate reference materials, thus 
far unavailable for method validation, were investigated for potential future certification. 
The newly developed determination method is a comprehensive two-dimensional gas 
chromatography (GC) method using a micro-electron capture detector (GC×GC-
µECD) combined with an optimised quantification method previously applied in 
another technique (GC coupled to a low-resolution mass spectrometer in electron 
capture negative ionisation mode, GC-ECNI-LRMS [16, 17]). The other technique 
is an adaptation of an existing technique, the chlorine-enhanced atmospheric pressure 
chemical ionisation coupled to a time-of-flight MS (APCI-ToF-HRMS) [18], for the 
first time combined with the same quantification method mentioned earlier. The two 
techniques were evaluated along with the most commonly applied technique (GC-
ECNI-LRMS) and another technique (carbon skeleton-GC-MS) to identify the most 
suitable one. 
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Chapters 6-8 facilitate the third aim. By employing the most suitable method, identified 
in Chapter 5, these chapters allow a quantification and evaluation of CP levels in a 
variety of matrices from across Australia with potentially increasing complexity that are 
available through systematic sampling and archiving programs at Queensland Alliance 
for Environmental Health Science (QAEHS), Australia. These matrices were sewage 
sludge from 15 waste water treatment plants (Chapter 6), extracts of passive air samplers 
deployed for one year at 15 sites covering different land-use (Chapter 7) and stratified 
pooled serum samples from the Australian Human Biomonitoring Program covering 
different collection period and age groups (Chapter 8). 
Finally, the results are summarised and discussed in Chapter 9, including future 
perspectives. 



General introduction

Ch
ap

te
r 

1

5

References 
[1] G.T. Tomy, 1997. The mass spectrometric characterization of polychlorinated n-alkanes and the 

methodology for their analysis in the environment. PhD Dissertation University of Manitoba, 
Winnipeg, Canada.

[2] Environment Canada, 2003. Canadian environmental protection act: priority substances list assessment 
report chlorinated paraffins. http://www.Hc-sc.Gc.Ca/ewh-semt/altformats/hecs-sesc/pdf/pubs/
contaminants/psl1-lsp1/paraffins-paraffines/paraffinsparaffines-eng.Pdf. Accessed March 10, 2018.

[3] H. Fiedler, 2010. Short-chain chlorinated paraffins: production, use and international regulations. In: J. 
de Boer (Ed.) Chlorinated Paraffins, Springer Berlin Heidelberg, Germany pp. 1-40.

[4] J. Glüge, Z. Wang, C. Bogdal, M. Scheringer, K. Hungerbühler, 2016. Global production, use, and 
emission volumes of short-chain chlorinated paraffins – A minimum scenario. Sci. Total Environ. 
573 1132-1146.

[5] S. Bayen, J.P. Obbard, G.O. Thomas, 2006. Chlorinated paraffins: a review of analysis and environmental 
occurrence. Environ. Int. 32 915-929.

[6] X. Ma, H. Zhang, H. Zhou, G. Na, Z. Wang, C. Chen, J. Chen, J. Chen, 2014. Occurrence and gas/
particle partitioning of short- and medium-chain chlorinated paraffins in the atmosphere of Fildes 
Peninsula of Antarctica. Atmos. Environ. 90 10-15.

[7] WCC, 2014. World Chlorine Council. International Chlorinated Alkanes Industry Association (ICAIA) 
newsletter. http://www.eurochlor.org/media/88258/20140908_icaia_newsletter_03_final.pdf. 
Accessed March 10, 2018.

[8] K. Breivik, A. Sweetman, J.M. Pacyna, K.C. Jones, 2002. Towards a global historical emission inventory 
for selected PCB congeners – a mass balance approach: 1. Global production and consumption. 
Sci. Total Environ. 290 181-198.

[9] L. Schinkel, S. Lehner, M. Knobloch, P. Lienemann, C. Bogdal, K. McNeill, N.V. Heeb, 2018. 
Transformation of chlorinated paraffins to olefins during metal work and thermal exposure – 
Deconvolution of mass spectra and kinetics. Chemosphere 194 803-811.

[10] V. Zitko, E. Arsenault, 1974. Chlorinated parrafins: properties, uses, and potential pollution. Technical 
Report no. 941 of Department of the Environment Fisheries and Marine Service Research and 
Development Directorate, Environment Canada.

[11] UNEP, 2017. SC-8/11: Listing of short-chain chlorinated paraffins. United Nations Environmental 
Programme Stockholm Convention on Persistent Organic Pollutants. Stockholm, Sweden.

[12] ECB, 2007. European Union Risk Assessment Report - Alkanes, C14-17, chloro. Environmental 
addendum of August 2007. European Chemicals Bureau, Joint Research Centre, European 
Commission. Ispra, Italy.

[13] ECB, 2005. European Union Risk Assessment Report - Alkanes, C14-17, Chloro - Part I - 
Environment. 3rd Priority list, Volume 58. European Chemicals Bureau, Joint Research Centre, 
European Commission. Ispra, Italy.

[14] A.T. Fisk, G.T. Tomy, C.D. Cymbalisty, D.C.G. Muir, 2000. Dietary accumulation and quantitative 
structure-activity relationships for depuration and biotransformation of short (C10), medium (C14), 
and long (C18) carbon-chain polychlorinated alkanes by juvenile rainbow trout (Oncorhynchus 
mykiss). Environ. Toxicol. Chem. 19 1508-1516.



Chapter 1

6

[15] O.G. Nilsen, R. Toftgård, H. Glaumann, 1981. Effects of chlorinated paraffins on rat liver microsomal 
activities and morphology. Arch. Toxicol. 49 1-13.

[16] M. Reth, Z. Zencak, M. Oehme, 2005. New quantification procedure for the analysis of chlorinated 
paraffins using electron capture negative ionization mass spectrometry. J. Chromatogr. A 1081 
225-231.

[17] U.E. Fridén, M.S. McLachlan, U. Berger, 2011. Chlorinated paraffins in indoor air and dust: 
Concentrations, congener patterns, and human exposure. Environ. Int. 37 1169-1174.

[18] C. Bogdal, T. Alsberg, P.S. Diefenbacher, M. MacLeod, U. Berger, 2015. Fast quantification 
of chlorinated paraffins in environmental samples by direct injection high-resolution mass 
spectrometry with pattern deconvolution. Anal. Chem. 87 2852-2860.




