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Abstract
Atmospheric levels of chlorinated paraffins (CPs) at five remote, six rural and
four urban sites in Australia were recorded using XAD-2 passive samplers (XADPAS). While long-chain CPs (LCCPs) remained undetected, medium-chain CPs
(MCCPs) were found above the method detection limit (>MDL) at one urban and
one rural site, for the first time in Australia. Short-chain CPs (SCCPs) were found
across a wide range of sites around the Australian continent, representing a range
of environmental conditions. When detected, the mass of MCCPs in the PAS was
similar or somewhat higher than that of SCCPs. By estimating preliminary sampling
rates of the XAD-PAS for CPs, gaseous CP levels in Australian air ranged from
<MDL to 1.3 and <MDL to 1.8 ng/m3 for ΣSCCPs and ΣMCCPs, respectively,
with a significant decreasing trend from dense populated areas to less dense. The
atmospheric levels at the sites in this study (predominantly rural), were at the lower
end of the range reported for atmospheric CPs levels elsewhere (predominantly
urban or industrial). They were, however, still 30-fold higher than at extremely
remote sites (i.e. polar regions). Principal component analysis matched the MCCP
congener group patterns in air samples with those found in commercial mixtures.
Their >MDL levels found in combination with their low volality and relatively low
long-range air transport potential confirm the presence of MCCP sources at at least
some sites in Australia.
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7.1 Introduction
Chlorinated paraffins (CPs) is the industrial term for polychlorinated n-alkanes mixtures
with a chlorine content typically between 30-70% and a carbon chain length greater
than nine [1]. Based on these carbon chain lengths, CPs are divided into short- (C10-13),
medium- (C14-17), and long- (C>17) chain groups. Since 2017, short-chain CPs (SCCPs)
are classified as persistent organic pollutants (POPs) under the Stockholm Convention
[2], while medium-chain CPs (MCCPs) are under evaluation by different regulations
such as the European Registration, Evaluation, Authorisation and Restriction of
Chemicals (REACH) program. This is because of their high production volumes [3],
resistance to environmental degradation (i.e. persistency), bioaccumulation and toxic
potential [4].
Information on their environmental levels is still relatively scarce compared to that of
typical POPs such as polychlorinated biphenyls (PCBs), particularly in Australia. This is
mainly because of their complexity (over 10,000 congeners) and associated challenging
analysis [5]. Only recently, Brandsma et al. [6] reported CP levels in sewage sludge
across Australia, while Gillet et al. [7] found SCCPs in indoor and outdoor air in an
urban region (Melbourne). Further investigations of their levels elsewhere in Australian
ambient air are required, including a characterisation of their spatial and temporal
variations, as well as the potential correlation between levels and land use, especially
because CPs are produced and used in Australia [2].
As Australia is the world’s sixth largest country by area with different climate zones
and a relatively small population (23 million in 2016 [8]), cost-effective techniques
are essential for measuring spatially and temporally resolved levels in air. Passive air
samplers based on styrene-divinylbenzene copolymer XAD-2 resin (XAD-PAS)
meet these requirements and are well established for air sampling of other POPs and
semivolatile organic compounds (SVOCs) [9-11]. For example, they have been used
for monitoring perfluorinated compounds [10], polycyclic aromatic hydrocarbons [11],
PCBs [9], organochlorine pesticides (OCPs) [12], polybrominated diphenyl ethers [13],
and recently also SCCPs [14], but thus far not for MCCPs.
The aim of this study was to investigate CP levels and their spatial variation in ambient
air across Australia and to examine whether those levels are correlated to land use and/or
site classification (i.e. remote, rural and urban). It expands on the established PAS-based
monitoring and archiving program for measuring spatial variations of atmospheric POP
levels across Australia [15], by including, for the first time, CPs.
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7.2 Materials and methods
Information about the standards, chemicals and suppliers is provided in the
Supplementary material S5 (Section S5-1).
7.2.1 Overview of the study area
Of the Australian population, 85% live and work within 50 km of the coastline [15].
Hence, most of the industrial and agricultural activities are concentrated along the coast.
Our sampling strategy, involving 15 sampling sites, aimed to cover different geographic
zones and land-use types across Australia (Figure 7‑1 and S5-1, Table S5-1 and S5-2). Land
use type (Table S5-2) was determined in two different ways, using either a remoteness
score determined using data by the Australian bureau of statistics [16] or the transect zone
which is based on population density [17]. This approach resulted in the classification
of sites as urban (UR, n=4), rural (RU, n=6), and remote (RE, n=5). In addition, a land
use category score and the number of roads in the vicinity of a site were determined by
using a rectangle area of 8.6 km2 surrounding the sampling site (Figure S5-1), which
was collected from the map coordinates website (http://www.mapcoordinates.net/en).
7.2.2 Sampling
The northern parts of Australia have a tropical climate with high humidity, which could
influence sorption to some sorbents such as polyurethane foam (PUF) [18]. However,
most chemicals’ sorption to XAD-2 resin is not significantly influenced by high relative
humidity [10], which makes it ideal to use XAD-2 for samplers across Australia. Design
and dimensions of the XAD-PAS are adapted from previous studies [9, 15]. Briefly,
XAD-PAS were deployed for ca. one year in 2016 (Table S5-1), using mesh cylinders of
ten centimetres long with a surface area of 63 cm2 (i.e. half of the original design). After
sampling and retrieval, samples were stored in glass containers at -20 ºC until analysis.
7.2.3 Sample preparation
Extraction was performed in a clean-lab (built according to ISO 5 equivalent
specifications). Glassware was treated with chromic acid before use. After adding 20
ng of 1,5,5,6,6,10-hexachlorodecane (13C10-labelled), the XAD-resin was extracted by
pressurised liquid extraction using an accelerated solvent extractor (ASE 350, Dionex,
Sunnyvale, CA). Sample extraction was performed with n-hexane/dichloromethane
(1:1, v/v) at 100 °C and 1500 psi with a heat- and static-time of 5 min using three
extraction cycles. After evaporating with nitrogen to ca. 1 mL, extracts were cleaned up
using a column filled with 20 g 40% (w/w) sulphuric acid modified silica gel (63-200
μm), which was preconditioned with 25 mL 70:30 (v/v) n-hexane/dichloromethane
and, after loading the extracts, eluted with 100 mL of the same mixture. The 100 mL
extracts were evaporated to dryness with nitrogen and redissolved with 10 ng dechlorane
603 in 100 µL of acetonitrile.
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Figure 7‑1:
Map of the study area showing the sampling locations: four urban sites (UR, shown in dots), six rural
sites (RU, shown in triangles) and five remote sites (RE, shown in squares). Further information on the
classification is provided in Table S5-2.

7.2.4 Analytical procedure
Samples were analysed with a chlorine enhanced atmospheric pressure chemical pressure
ionisation quadrupole time of flight mass spectrometry (APCI-qToF-HRMS) technique
according to previous studies [6, 19], with a few modifications. The declustering potential
was set at -20 to increase sensitivity for lower chlorinated CPs. The mass resolution was
set to a minimum of 21,500 per monitoring ion of the congener groups, to increase
sensitivity while keeping the minimum resolution needed for separation, including from
chlorinated alkenes (>21,000) [20, 21]. In total 558 m/z values were extracted from the
full scan mass spectra using MultiQuant 3.0 software (Sciex, Canada), which are related
to the two most abundant m/z signals of the CP congener groups, expressed as CmCln,
C10-20Cl3-12.
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Quantification was done according to the method described in Chapter 5, with some
modifications. Dechlorane 603 and 13C10-labelled 1,5,5,6,6,10-hexachlorodecane
were used as volume and recovery standard, respectively. The relationships between
the calculated chlorine content and response factor were linear (R2=0.92 for SCCPs,
R2=0.95 for MCCPs, and R2=0.88 for LCCPs, 6 points, Figure S5-2).
7.2.5 Estimation of passive sampling rates
The large sorption capacity of the XAD-PAS assures linearity of the uptake for sampling
periods exceeding one year for many SVOCs [10-13]. The linearity allows converting
the amount of chemicals collected by the samplers during the deployment period (CPAS
in ng per sampler) to volumetric levels in ambient air (CAir in ng/m3) using Eq. 1:

								

(1)

where PSR is the compound-specific passive sampling rate (m3/sampler/day) during the
deployment period t (days).
Only one study reported estimated PSRs of the XAD-PAS for SCCPs [14]. Because of
the specific environmental conditions of this location, this PSR may rather be specific
for the study area (i.e. south-eastern Tibetan Plateau) than for SCCPs [7, 22]. PSRs
are unavailable for MCCPs. We therefore estimated preliminary sampling rates of the
XAD-PAS for CPs by reviewing and collating existing PSRs and properties of other
SVOCs that are suspected to behave similarly as CPs. We also collected annual average
temperatures per site in 2016 from the Australian Government Bureau of Meteorology
(www.bom.gov.au).
7.2.6 Quality assurance and quality control
Quantification was done both by internal and external calibration. The relative standard
error (RSE) of calibration was defined according to EPA 8000d [23]. The external
calibration produced acceptable RSEs (11%, 13% and 3% for SCCPs, MCCPs, and
LCCPs, respectively) and was, therefore, chosen as calibration model. LCCPs in samples
were below the instrument detection limit (<0.02 ng/µL), which is expected considering
their low volatility, high molecular weight and probable to concentrations smaller
than detection limits in the atmospheric gas phase. Therefore, LCCPs are not further
discussed here. The repeatability of the instrumental analysis was tested by repeatedly
injecting (seven times in total) 1 ng/µL of a SCCPs mixture (61% Cl) and an MCCPs
mixture (55% Cl) during the run; the relative standard deviation (RSD) was 7% SCCPs
and 4% for MCCPs.
Performance of the extraction method was evaluated by fortifying two clean XAD
cartridges with native SCCPs and MCCPs mixtures (56% Cl and 52% Cl, respectively)
and taking these XADs through the whole extraction procedure. The performance of the
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method was reflected by the ratio of the derived mass against the expected mass, which
ranged 0.78 to 1.2 for SCCPs and 0.74 to 1.2 for MCCPs. The recovery of the recovery
standard 1,5,5,6,6,10-hexachlorodecane (13C10-labelled) in the samples was 67 ± 20%.
In addition, ion suppression during MS analysis was tested by fortifying one time 10
ng, three times 25 ng and one time 50 ng of SCCPs (56% Cl) to one sample (RE1). Ion
suppression was not observed, as the relative errors between the calculated level in the
fortified XAD extracts and the theoretical level were between -11 and 12%. The APCIqToF-HRMS technique in combination with the applied quantification method yielded
results that were satisfactory and in agreement with those of other laboratories in two
interlaboratory studies [24, 25].
Field (n = 1), storage (n = 1), and procedural blanks (n = 4) were extracted and analysed
to reveal any contamination during transport, handling, and sample preparations. Field
blanks are defined as un-deployed XAD cartridges that were out in the field with the
deployed cartridges. Storage blanks are XAD cartridges that were never transported to
and from the field but stocked under the same conditions as the deployed samples after
retrieval. Procedural blanks were XAD-2 resin that went through the whole extraction
procedure with the actual samples. Levels of target analytes from any of the procedural
blanks were below the instrumental detection limit (<0.040 and <0.10 ng/µL for SCCPs
and MCCPs, respectively). Levels in storage and field blanks were high but similar (22
and 20 ng/sampler for SCCPs and twice 62 ng/sampler for MCCPs). We subtracted the
average value of the blanks from the amounts detected in the deployed samplers. The
method detection limits (MDLs) were defined by the average level in all blanks plus
three times the standard deviation (SD), resulting in 25 and 63 ng/sampler for SCCPs
and MCCPs, respectively.
Replicate samples (i.e. two separate PAS deployed at the same site during the same
sampling period) were analysed from site UR2, for which the difference in results was,
expressed in RSD, 17% for SCCPs and 1% for MCCPs.
These QAQC results are comparable with that of the only other published XAD-PAS
study on SCCPs [14] and with those of other compounds determined with XAD-PAS
[12, 26].
7.2.7 Statistical analysis
Principal component (PC) analysis using Simca 15 (Sartorius, Sweden) was carried out
to investigate whether the relative congener group abundancies were similar between
the sampling sites and show some resemblance to that of the commercial mixtures. The
Spearman nonparametric correlation, two tailed, was applied for correlation analysis
using Graphpad Prism 7 (GraphPad Software Inc., USA).

139

Chapter 7

CPs in ambient air across Australia

Chapter 7

7.3 Results and discussion
7.3.1 Overview of CP data in ambient air across sampling sites
XAD-PAS primarily collect gas-phase contaminants from the atmosphere [9]. The levels
reported here therefore represent those of the CPs in the gas phase rather than the total
atmospheric load (i.e. gas and particle phase). Those total levels are likely higher than the
reported levels in this study, specifically for the less volatile CPs (i.e. SCCPs and MCCPs
with a higher molecular weight).
Table 7‑1 Atmospheric ΣSCCP and ΣMCCP levels across Australia measured with XAD-PAS.
Code

Location

ΣSCCPs (ng/sampler/year) ΣMCCPs (ng/sampler/year)

Method detection limit MDL

25

63

RE1

Cape Grim TAS

<MDL

<MDL

RE2

Giles Station WA

<MDL

<MDL

RE3

Kalbarri WA

<MDL

<MDL

RE4

Halls Creek WA

<MDL

<MDL

RE5

Kununurra WA

<MDL

<MDL

RU1

Karratha WA

170

145

RU2

Cannonvale QLD

84

<MDL

RU3

Dalby QLD

45

<MDL

RU4

Gunnedah NSW

36

<MDL

RU5

Barossa Valley SA

30

<MDL

RU6

Mildura VIC

32

<MDL

UR1

Aspendale VIC

86

<MDL

UR2-1

Brisbane QLD

138

150

UR2-2

Brisbane QLD

105

148

UR3

Perth WA

48

<MDL

UR4

Narangba QLD

56

<MDL

NSW New South Wales, QLD Queensland, SA South Australia, TAS Tasmania, VIC Victoria, WA
Western Australia.

Table 7‑1 shows the CP levels, expressed as the sum of all SCCPs (ΣSCCPs) and MCCPs
(ΣMCCPs) per sampler. SCCPs were detected in 11 of 16 samplers (detection frequency
of 69%); the samplers deployed at the five remote sites (RE1-5) were below MDL.
MCCPs were detected in only three samples from two sites (RU1 and UR2-1 and UR22, detection frequency 19%). ΣSCCPs levels above MDL ranged from 30 (RU5) to 170
(RU1) ng/sampler with a mean and median of 76 and 56 ng/sampler, respectively. The
ΣMCCPs levels above MDL were similar between the three samples and ranged 145150 ng/sampler. ΣSCCPs above MDL levels varied by a factor of ca. 6 between the sites.
When above MDL, ΣMCCP levels were similar or slightly higher than that those of
the SCCPs (up to 1.4-fold). A correlation between SCCP and MCCP levels, including
samples <MDL, was found (two tailed p<0.01, rs=0.84, Figure 7.2A). The mean and
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median levels of ΣSCCPs were up to 32-fold higher than those of POPs such as PCBs,
measured with the same sampler at the same site in 2012 (mean and median total sum
of PCBs 4.1 and 1.7 ng/sampler) [15].
SCCP and MCCP levels, including those <MDLs, were plotted against the annual
average temperatures at the sampling site and the type of land use (Figure 7‑2). Levels
and temperature were not correlated (Figure 7‑2B, n.s.). Correlations with all land
use classifications were significant (p<0.05, Figure 7‑2C-E), with levels being elevated
at more urbanised and/or populated sites. Similar findings have also been reported
elsewhere, including China, Japan and South-Korea [27].
In line with the above, MCCPs were detected in samplers deployed in a densely
populated area in one of the largest cities on Australia’s east coast (UR2-1 and UR22). Apartments, intensely used roads with traffic lights, a hospital and bus- and train
stations surround this site. Similar levels were also found at a rural site (RU1) in northern
Western Australia. The highest SCCP levels were also measured at this site, while site
UR2 had the second-highest level. RU1 is not a densely populated area. However, the
sampling site is located at a learning institute that specialises in fabrication, engineering
and construction [28]. CPs are present in construction materials, specifically in polyvinyl
chloride (PVC) [29-31], with reported ΣSCCPs and ΣMCCPs levels of 190 mg/g and
150 mg/g, respectively [32]. Assuming that the emission rate of MCCPs from PVC use
is somewhat similar to that of SCCPs (0.0029%) [33], and that PVC is used locally
for construction and engineering, this might be an explanation for the elevated levels
at this rural site. The relatively high annual average temperature (33 ºC in this region)
compared to the other sites (Table S5-1) might also be a factor, as this will increase
volatilisation when a source is present.
Besides the high population density, another explanation for elevated levels at UR2
could be the busy intersections with many traffic lights located close to the site. Car
tires are made from rubber, for which average ΣSCCPs and ΣMCCPs levels of 610 and
1300 µg/g, respectively, have been found in China [32]. CPs could potentially leak out
of the tires by the friction of the tires and the road during braking. A positive correlation
(p<0.01, Figure 7‑2F) between the number of roads located near a site and the levels
of SCCPs and MCCPs call for further investigation of the presence of CPs in, and
potential release from, car tires.
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Figure 7‑2:
ΣSCCPs and ΣMCCPs levels (ng/sampler) plotted against each other (A), as well as against temperature
(B), remoteness (C), transect zones (D), urbanisation (E) and number of roads closeby (F) with rs as the
non-parametric Spearman correlation coefficient.

7.3.2 Estimation of volumetric air concentrations of ΣSCCPs and ΣMCCPs
To compare the data generated here with those reported in the literature, we calculated
volumetric air concentrations for SCCPs and MCCPs from the amounts taken up in
the samplers. This required the estimation of passive sampling rates (PSRs). This was
done by plotting PSRs previously reported for compounds that are suspected to behave
similar to CPs (PCBs [34] and OCPs [9, 15]) against molecular mass (Figure 7‑3A).
The resulting linear relationship (R2=0.83) was used to estimate the PSRs of different
SCCP and MCCP congener groups based on their average molecular mass (Table S5-3
and S5-4). This procedure yielded average PSRs for all SCCP and all MCCP congener
groups of 0.36 and 0.24 m3/sampler/day, respectively. We note that the empirical PSRs
used in the regression of Figure 7‑3A were measured at different temperatures, which
were generally lower than those experienced by samplers deployed across Australia. The
annual average temperatures of all but four of the site in this study were close to 25 ºC
in 2016 (RSD 9%). This temperature was above 30 ºC at three sites (RU1, RE4, RE5)
and below 20 ºC at one site (RE1). Being aware of the resulting large uncertainty of
the estimated PSRs, we strongly recommend that a study calibrating the XAD-PAS for
SCCPs and MCCPs be conducted.
The estimated volumetric air concentrations of CPs are given in Table 7‑2, while an
overview of reported data are given in Table S5-5, comparing CP levels obtained by
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different techniques and studies should be done with caution, as precision and accuracy
of analyses performed at different laboratories are highly variable [35]; different sampling
techniques add additional uncertainty. While keeping that in mind, the atmospheric
SCCP levels in Australia (median 0.59 ng/m3) are comparable to those reported for
some rural sites in the United Kingdom (<0.32 ng/m3 [36]) and at the lower end of
those reported in Asian countries (other than China) [22, 37], and European countries
[36, 38, 39] (Table S5-5). This is not surprising, considering the prevalence of rural sites
in the present study (n=6 out of 11). The SCCP levels are 30-fold higher than those
in extremely remote areas (<0.02 ng/m3) such as Antarctica [40] and Alert Station,
Canada [41, 42]. The SCCP levels in air from China surpass those in Australia up to
100-fold [22], which is expected as China has a high population density and is currently
the world’s largest known CP producer [3]. The estimated ΣSCCP level at UR1 (0.67
ng/m3) is 10-fold lower than the average annual level reported for the same location in
2013 (8.4 ng/m3) [7]. Potential explanations for this discrepancy may be found among
the factors mentioned above, and could be related to the different techniques used
for sampling (polyurethane foam) and instrumental analysis (gas chromatography in
combination with electron capture negative ion low resolution MS, GC-ECNI-LRMS
[43]).
To our knowledge, only six other studies reported MCCP levels in ambient air. The
Australian MCCP levels for sites with levels >MDL are two times lower compared to
those in countries with a high population density and suspected high production
volumes (i.e. China and India) [22, 37], but 400 times higher than at remote sites [40].

Figure 7‑3:
Two graphs showing A) the commonly applied XAD-PSRs for compounds that are suspected to behave
similar as CPs, such as PCBs [34] and OCPs [9, 15] and their molecular mass, and B) PSRs of SCCPs and
MCCPs extrapolated (triangles) using the formula from graph A and their molecular mass.
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Table 7‑2 Estimated atmospheric ΣSCCP and ΣMCCP levels across Australia.
Code

Location

ΣSCCPs - estimated (ng/m3)a ΣMCCPs - estimated (ng/m3)a

Method detection limit MDL 0.27

1.3

RU1

Karratha WA

1.3

1.7

RU2

Cannonvale QLD

0.66

<MDL

RU3

Dalby QLD

0.35

<MDL

RU4

Gunnedah NSW

0.28

<MDL

RU5

Barossa Valley SA

0.24

<MDL

RU6

Mildura VIC

0.25

<MDL

UR1

Aspendale VIC

0.67

<MDL

UR2-1

Brisbane QLD

1.1

1.8

UR2-2

Brisbane QLD

0.82

1.7

UR3

Perth WA

0.38

<MDL

UR4

Narangba QLD

0.44

<MDL

NSW New South Wales, QLD Queensland, SA South Australia, TAS Tasmania, VIC Victoria, WA
Western Australia
a By using estimated passive sampling rate from Table S5-3 and S5-4.

Despite additional measures to reduce the blank levels (i.e. chromic acid treatment,
clean-lab), the levels in the blanks were high, particularly for MCCPs, resulting in high
MDLs. These MDLs were however lower or comparable with that of other studies
i.e. <0.2 to 2.7-10 ng/m3 for SCCPs, while . 0.11 ng/m3 to 1.80 ng/m3 for MCCPs
(Chapter 3). Moving to an ultra-clean lab and including more blanks is recommended
to gain greater confidence with respect to the results.
7.3.3 Relative abundance of SCCP and MCCP congener groups in air
In order to investigate similarities in the relative abundance of different CP congener
groups between sites as well as with commercial mixtures, we plotted those relative
abundancies of the sampled mass (Figure S5-4 and 5) and used PC analysis. All sites
included were blank subtracted. Sites for which at least 61% of the congener groups had
abundance, typically representing sites with a signal higher than the background noise,
were included in the PC analysis, which were RU1-6, RE5 and UR1-4 for SCCPs, while
RU1-3 and UR1-4 for MCCPs.
Higher chlorinated CPs mainly grouped on the left side of the score scatter plot (Figure
7‑4), whereas the lower chlorinated CPs have grouped on the right. The PC loading
plot (Figure 7‑5) shows a distribution influenced by the number of chlorine atoms.
Accordingly, the SCCP and MCCP standard mixtures are arranged based on their
degree of chlorination (Figure 7‑4), from a high chlorine content (left) to a low chlorine
content (right).
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Figure 7‑4:

Principal component analysis score scatter plot of the SCCPs (panel A) and MCCPs (panel B)
congener group pattern of the sites (rural, blue and urban, red) and CP mixtures (orange).
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Figure 7‑5:
Principal component analysis loading scatter plot of the SCCPs (panel A) and MCCPs (panel B) congener
group pattern of the sites and CP mixtures.
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7.4 Conclusions
The results of this study give a first impression of the spatial variation of atmospheric
levels of SCCPs and MCCPs between different sites (remote, rural and urban) across
Australia using XAD-PAS. While LCCPs remained undetected and MCCP were only
detected at a few sites (detection frequency of 19%), SCCPs were detected at most sites,
except in remote areas (detection frequency 69%). Lower SCCP levels are generally
measured at the rural sites, while the highest were recorded at the most densely populated
sites. Correlation analysis implied that higher CP levels could genarally be related to
more densely populated areas. If detected, the mass of MCCPs in the PAS was similar
or slightly higher than that of the SCCPs. Combined with their lower volatility and
thus lower long-range transport potential compared to SCCPs, the MCCP levels found
>MDL imply that local MCCP sources are present in Australia. By estimating PSRs for
CPs we provided the volumetric air concentrations of CPs, including, for the first time,
MCCPs, in air (vapour phase) in Australia. The SCCP and MCCP levels at the (mostly
rural) Australian sites were in the lower range of those reported for mostly urban sites in
the rest of the world (apart from China). Information about the Australian production,
use and disposal of CPs as well as their levels in other environmental matrices, including
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The CP profiles at all sites differ from those of the SCCP mixtures available for this
study (Figure 7‑4A). Apart from two rural sites (RU1, RU2), the air samples cluster
on the lower right side of the graph indicative of a relatively high abundance of lower
chlorinated congeners (Figure 7‑5A). The main reason for the difference between the
air samples and the mixtures is likely because of the differences in volatility between the
congener groups. Less chlorinated congener groups are more likely to evaporate and thus
would be overrepresented in an air sampler, while some higher chlorinated congeners
might not even become airborne because of their lower volatility. It might also imply
that (i) other SCCP mixtures are used in Australia, (ii) there are no major releases from
potential SCCP sources around the sampling sites, and/or (iii) SCCPs mixtures might
change in composition because of potential degradation.
In case of MCCPs, the measured compositions in air cluster close to those of the
MCCP mixtures with 42% to 52% Cl (Figure 7‑4B), which indicates that the MCCP
profiles in those samples are similar to those of the MCCP mixtures. While information on production and use of CPs in Australia is scarce, MCCPs with 52% Cl are produced in Australia, known as Cereclor AS52 and 51L [44, 45]. MCCPs are less volatile
and have a lower potential for atmospheric transport compared to SCCPs [46] and
are therefore more likely to remain close to primary sources after emission [40]. Along
with the results of the PC analysis (sites with levels >MDL with similar composition
as the mixtures) this implies that sources of MCCPs to the atmosphere are present at
some of the sites in Australia. A similar trend was also observed in an urban setting in
the United Kingdom [36], where production of MCCPs was four times higher than of
SCCPs, and at sites in China, that were suspected to be near sources [47].
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humans, is essential for assessing their emissions, behaviour, fate and potential exposure.
A calibration study for measuring the PSRs of XAD-PAS for SCCPs and MCCPs is
warranted. The levels of CPs in this study could be a useful reference against which
future CP levels can be compared in order to record changes in the CP contamination
in this region.
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