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Abstract The analysis of complex mixtures of chlori-
nated paraffins (CPs) with short (SCCPs, C,,—C,3) and
medium (MCCPs, C,,—C,,) chain lengths can be disturbed
by mass overlap, if low resolution mass spectrometry
(LRMYS) in the electron capture negative ionization mode
is employed. This is caused by CP congeners with the
same nominal mass, but with five carbon atoms more and
two chlorine atoms less; for example C,H,;;*’CI3°Cly
(m/z395.9) and C,4H,¢3Cls (m/z 396.1). This can lead to an
overestimation of congener group quantity and/or of total
CP concentration. The magnitude of this interference was
studied by evaluating the change after mixing a SCCP
standard and a MCCP standard 1+1 (S+MCCP mixture)
and comparing it to the single standards. A quantification
of the less abundant C,4 and C,; congeners present in the
MCCEP standard was not possible due to interference from
the major C,; and C;, congeners in the SCCPs. Also, sig-
nals for SCCPs (C,;—C,;,) with nine and ten chlorine
atoms were mimicked by MCCPs (C,5—C,;) with seven
and eight chlorine atoms (for instance C,; H,,Cl,, by
C,5sH,,Clg). A similar observation was made for signals
from C,s—C,; CPs with four and five chlorine atoms re-
sulting from SCCPs (C,,—C,,) with six and seven chlorine
atoms (such as C;sH,3Cl, by C,(H,Cl¢) in the S+MCCP
mixture. It could be shown that the quantification of the
most abundant congeners (C,,—C,,) is not affected by any
interference. The determination of C,, and C,5 congeners
is partly disturbed, but this can be detected by investigat-
ing isotope ratios, retention time ranges and the shapes of
the CP signals. Also, lower chlorinated compounds form-
ing [M+ClI]~ as the most abundant ion instead of [M-Cl]~
are especially sensitive to systematic errors caused by su-
perposition of ions of different composition and the same
nominal mass.
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Introduction

Commercially produced chlorinated paraffins (CPs) are clas-
sified according to their carbon chain length into short chain
CPs (SCCPs, C;;—C;3), medium chain CPs (MCCPs,
C,4,—C;7) and long chain CPs (LCCPs, >C,;). The chlorine
content of these mixtures can vary from 30-70% depend-
ing on their application [1]. Technical CPs are mainly
used as extreme pressure additives in lubricants and cut-
ting oils as well as plasticizers and fire retardants. They
have also found application as replacements for other per-
sistent polychlorinated chemicals, such as polychlorinated
biphenyls [2]. CPs are classified as persistent and non-
biodegradable, and they accumulate in the food chain [3].
Though the global production of SCCPs has been reduced
since the early 1980s [2], the overall annual production is
still in the range of 380,000 tons [4]. Global redistribution
by long-range atmospheric transport is suggested as the
reason for the ubiquitous occurrence of CPs in the envi-
ronment, including in remote areas such as the Canadian
Arctic [5]. SCCPs are of particular interest due to the high
amounts released into the environment, and due to them
having the highest toxicity of all CP products [2].

The quantification of CPs is a demanding task. Al-
though the levels of CPs were determined in environmen-
tal samples in the 1980s [6], as yet only very limited in-
formation has been published about the levels and fate of
short- and medium-chain CPs in the environment [1]. This
is mainly due to the extreme complexity of CP mixtures
containing thousands of different isomers, enantiomers
and diasteriomers. Currently, no gas chromatographic tech-
nique is able to separate CPs partly or completely into sin-
gle isomers [7].

CP analysis is mainly carried out by high resolution
gas chromatography (HRGC) coupled to high resolution
(HR) mass spectrometry (MS) in the electron capture neg-
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ative ionization (ECNI) mode. This is a very selective de-
tection method, which eliminates interferences by other
polychlorinated pollutants and by CPs with the same
nominal mass [7]. However, this detection method is not
available at many laboratories and is too costly for routine
analysis.

Therefore, low resolution (LR) MS is also used for the
quantification of CPs. An international intercomparison of
methods for SCCP analysis showed that LRMS and HRMS
can give comparable quantitative results [8]. Indeed, pub-
lished levels of CPs in biota were similar when quantified
by LRMS and HRMS [7, 9]. Nevertheless, the use of
LRMS instead of HRMS increases the risk of interfer-
ence, which has to be controlled and eliminated, if possi-
ble. An improved sample clean-up, removing other inter-
fering polychlorinated compounds, is one possibility [10].
However, disturbances might also occur between molecu-
lar ions and fragments of CPs with the same nominal mass,
if mixtures of SCCPs and MCCPs are present. This can
result in an overestimation of the total PCA concentration.

This work investigates the risk from systematic errors
due to mass interferences between SCCPs and MCCPs
when using LRMS in the ECNI mode. Ways to minimize
disturbances will be discussed in detail too, such as the
careful selection of congener masses and retention time
ranges, or by checking signal shapes and isotope ratios. It
will be demonstrated that a simultaneous quantification of
SCCPs and MCCPs and their differentiation in environ-
mental samples is also possible by LRMS.

Experimental

Chemicals and solvents

Cyclohexane for pesticide residue analysis was purchased from
Scharlau (Barcelona, Spain). Technical SCCPs (C,_;3, 55.5% chlo-
rine, 100ng/ul, solution in cyclohexane) and technical MCCPs
(Ci4-17, 52% chlorine, 100 ng/ul, solution in cyclohexane) as well
as e-hexachlorocyclohexane (e-HCH, 10ng/ul, solution in cyclo-
hexane, purity 99.9%) were obtained from Ehrenstorfer (Augs-
burg, Germany). Solutions for analysis contained 25 ng/ul of the
respective CP mixture and 50 pg/pl of e-HCH.

Instrumentation

Chromatographic separations were carried out on an HP 589011
(Hewlett Packard, Palo Alto, USA) gas chromatograph equipped
with a split/splitless injector and a fused silica capillary column
(15m, 0.25 mmi.d.) coated with a 0.25 um-thick film of DB-5MS
(crosslinked 5%-phenyl-95%-methylpolysiloxane, J&W Scientific,
Folsom, USA). Sample volumes of 2 ul were injected in the splitless
mode (splitless time 2 min) at an injector temperature of 275 °C.
Helium (99.999%, Carbagas, Basel, Switzerland) was used as car-
rier gas at a column inlet pressure of 68.9 kPa (10 psi). The temper-
ature program was: 100 °C, isothermal for 2 min, then 10 °C/min to
260 °C, isothermal for 10 min.

An HP 5989B mass spectrometer (Hewlett Packard, Palo Alto,
USA) was employed in the electron capture negative ionization
(ECNI) mode using methane (99.995%, Carbagas, Basel, Switzer-
land) as reagent gas at a pressure of 1.0—1.6 mbar (0.8—1.2 Torr).
The mass spectrometer was tuned to optimal performance using
perfluorotributylamine at m/z 283, 414 and 452. The electron en-
ergy was set to 100eV. The ion source temperature was 200 °C,

the quadrupole temperature 100 °C, and the transfer line tempera-
ture 280 °C. Compounds were detected in the selected ion moni-
toring (SIM) mode at a dwell time of 100 ms per ion using the two
most abundant [M-CI]- isotope ions of each CP congener (see
Table 1) and m/z254.9 for the internal standard e-HCH.

Results and discussion

Studies of the composition of CP mixtures and congener-
specific analyses of environmental samples are scarce due
to the complexity of CP mixtures. HRMS at a resolution
of 12,000 is often used to exclude interferences from CP
fragments with the same nominal mass as the [M-Cl]- ions
or from other organic pollutants not removed by the ap-
plied clean-up procedure [7]. As shown below, LRMS
(~1000 resolving power) requires more detailed knowl-
edge about possible interferences to enable the correct de-
termination of CP compositions.

Congeners with similar nominal masses

Technical CPs contain thousands of isomers with the gen-
eral elemental composition C,H,,,, (Cl,, resulting in some
overlap of the chlorine isotope pattern of different CP con-
geners. Table 1 summarizes the mass-to-charge ratios of
the two most abundant isotope signals of each congener
normally used for quantification and identification of CPs
[7]. It demonstrates that congeners with five carbon atoms
more and two chlorine atoms less have a nearly identical
nominal mass-to-charge ratio, which cannot be resolved
by LRMS.

Influence of mass overlap on CP composition

A SCCP standard, a MCCP standard and a 1+1 mixture of
both were used to study the influence of mass overlap on
composition, at first ignoring correct isotope ratios and re-
tention time ranges. The observed homologue and con-
gener patterns of all three are given in Fig. 1. The SCCP
mixture contained mainly congeners with C,;; and C, chains
(relative contribution of XC;; 33%, of XC;,38%). C,, and
C,; congeners represented 8 and 21%, respectively. The
MCCP mixture consisted mainly of C;, congeners (ZC,
75%, 2C521%, 2C162%, ZC172%).

Figure 1A shows that the presence of C,5 and espe-
cially C4, as well as C;; congeners in the SCCP mixture,
is mimicked by masses with similar mass-to-charge ratios
originating from C,,, C;; and C,, congeners with corre-
spondingly five carbon atoms less and two chlorine atoms
more (see Table 1 for details). C;4 and C,; congeners can-
not be quantified by LRMS, if C,; and C,, are major com-
ponents in an environmental sample. Furthermore, a small
amount of Cy(2%) and C,4(1.5%) congeners were de-
tected in the SCCP mixture.

On the other hand, C,s and C,; congeners are minor
components in the MCCP mixture (see Fig. 1B) and do
not therefore affect the quantification of the higher chlori-



Table 1 Mass-to-charge ratios
of the [M-Cl]~ ions (abbrevi-
ated to X in the table) of the
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Short chain CPs

Medium chain CPs

two most abundant isotopes of Cp Most abundant Second abundant CP Most abundant Second abundant
SCCP and MCCP congeners congener  isotope (100%) isotope congener  isotope (100%) isotope
;‘sggﬁ‘;‘i’zgﬁj‘;t‘f‘cat‘on and CoH,Cly 2989 (X+2)  300.9 (X+4, 64%) CrHyCly,  299.1 (X) 301.1 (X+2, 96%)
CoH5Cl; 3329 (X+2) 334.9 (X+4, 80%) C4,H,5Cls  335.1 (X+2) 333.1 (X, 78%)
CoH,Cly  366.9 (X+2) 368.9 (X+4, 96%) C4,H,,Clg  369.0 (X+2) 371.0 (X+4, 64%)
CoH, Cly 402.8 (X+4) 400.8 (X+2, 89%) C4,H;Cl;  403.0 (X+2) 405.0 (X+4, 80%)
C H,,Clg  436.9 (X+2) 438.9 (X+4, 96%)
C H,,Cly 4729 (X+4) 470.9 (X+2, 89%)
C H,Clyy 506.9 (X+4) 504.9 (X+2, 78%)
CoHi;5Cl,  243.1 (X) 245.1 (X+2, 96%)
CoH,Cls  279.0 (X+2) 277.0 (X, 78%)
CioHisClg  312.9 (X+2) 314.9 (X+4, 64%) 64% C;sHxCl, 313.1 (X) 315.1 (X+2, 96%)
CoH5Cl;  346.9 (X+2) 348.9 (X+4, 80%) CsH,,Cls  349.1 (X+2) 347.1 (X, 78%)
CoH4,Cly  380.9 (X+2) 382.9 (X+4, 96%) CsHyClg  383.0 (X+2) 385.0 (X+4, 64%)
CoH5Cly  416.8 (X+4) 414.8 (X+2, 89%) CsH,sCl;  417.0 (X+2) 419.0 (X+4, 80%)
CoH,Clyy 450.8 (X+4) 448.8 (X+2, 78%) CsH,,Clg  451.0 (X+2) 453.0 (X+4, 96%)
CsHyCly  486.9 (X+4) 484.9 (X+2, 89%)
CsH,,Clyy 520.9 (X+4) 518.9 (X+2, 78%)
C HyCl, 257.1(X) 259.1 (X+2, 96%)
C H,Cls 293.0 (X+2) 291.0 (X, 78%)
C H;3Cly 327.0 (X+2) 329.0 (X+4, 64%) CH3Cl, 327.1 (X) 329.1 (X+2, 96%)
C; H,Cl;  360.9 (X+2) 362.9 (X+4, 80%) C¢HCls  363.1 (X+2) 361.1 (X, 78%)
C HiCly 3949 (X+2) 396.9 (X+4, 96%) C¢HysClg  397.0 (X+2) 399.0 (X+4, 64%)
C;;Hi5Cly  430.9 (X+4) 428.9 (X+2, 89%) C¢H,,Cl;  431.0 (X+2) 433.0 (X+4, 80%)
C, H\4Cl,, 464.8 (X+4) 462.8 (X+2, 78%) CHyClg  465.0 (X+2) 467.0 (X+4, 96%)
CHy5Cly  500.9 (X+4) 498.9 (X+2, 89%)
CHo4Clyy 5349 (X+4) 532.9 (X+2, 78%)
C,H,Cl, 271.1 (X) 273.1 (X+2, 96%)
C,H,,Cls  307.0 (X+2) 305.1 (X, 78%)
Cp,HyClg  341.0 (X+2) 343.0 (X+4, 64%) C;H3,Cl,  341.1 (X) 343.1 (X+2, 96%)
C,H\oCl; 3749 (X+2) 376.9 (X+4, 80%) C;H5,Cls  377.1 (X+2) 375.1 (X, 78%)
C,H4Cly 408.9 (X+2) 410.9 (X+4, 96%) CsH;3Clg  411.1 (X+2) 413.1 (X+4, 64%)
C,H,Cly 4449 (X+4) 442.9 (X+2, 89%) C7H,Cl;  445.0 (X+2) 447.0 (X+4, 80%)
C,H,Cly, 478.8 (X+4) 476.8 (X+2, 78%) C;H5Clg  479.0 (X+2) 481.0 (X+4, 96%)
C;H,,Cly  514.9 (X+4) 512.9 (X+2, 89%)
C7;H,6Cly, 548.9 (X+4) 546.9 (X+2, 78%)
C3HpuCl,  285.1 (X) 287.1 (X+2, 96%)
C3Hy:Cly 321.1 (X+2) 319.1 (X, 78%)
C3H,Cly  355.0 (X+2) 357.0 (X+4, 64%)
C;3H,,Cl;  389.0 (X+2) 391.0 (X+4, 80%)
Ci3HyCly 4229 (X+2) 424.9 (X+4, 96%)
Ci3HoCly  458.9 (X+4) 456.9 (X+2, 89%)
C3H4Clyy 492.9 (X+4) 490.9 (X+2, 78%)

nated C;; and C,, congeners with corresponding mass. C;¢
and C;; congeners contribute less than 4% to the overall
quantity of C;; and C,, congeners present in the 1+1 mix-
ture. This is in agreement with published C,c+C;; con-
tents of <7% in technical CPs and environmental samples
[11]. Therefore, the systematic error by interference for
C,, and C,, congeners is comparable to the quantification
uncertainty. Trace amounts (<2%) of C,; congeners were
present in the MCCP mixture. The Cy (11%) and C,,(7%)
congeners apparently present were mimicked by C,, and
C,s congeners with similar mass-to-charge ratios (see
Table 1). Cy congeners are usually not determined in envi-

ronmental samples, whereas the amount of C,, congeners
could be overestimated.

Figure 1C shows the resulting change of pattern for a
1+1 mixture of SCCPs and MCCPs due to the interfer-
ences described above. The presence of C,; and C,, con-
geners led to a 3-25-fold overestimation of the concentra-
tions of C;4 and C;; congeners. The C;5—C,; congeners
with four and five chlorine atoms (25%) apparently pre-
sent were mimicked by the respective short chain con-
geners (C;,—C,,) with six and seven chlorine atoms (such
as C,;sHysCl, and C,yH,Clg). In addition, traces (<1%) of
C,—C,, congeners with nine and ten chlorine atoms were



1744

Fig.1 Homologue and con- Cl4a HCl6 BCI8 Cl10
gener pattern (Cy—C,;) of a
SCCP standard (A), a MCCP mcCis acl7 acCio

standard (B) and a mixture
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mainly simulated by the respective medium chain con- Identification of interferences by isotope ratios

geners (C,s—C;;) with seven and eight chlorine atoms (for

example C,,H,,Cl,, and C,sH,,Clg). Multiple HCI elimi- One way to detect possible interferences due to co-eluting

nation, as reported by Coelhan [9], can also lead to corre- CPs is to control the chlorine isotope ratio. Here, the sig-

sponding interferences, but was not observed in this work, nal area of the most abundant [M-CI]- isotope was divided

possibly due to other ion source conditions. by that of the second most abundant [M-Cl]- isotope, and
this ratio was employed. A significant deviation (>0.10)



Table 2 Selected isotope ratios (higher mass divided by lower
mass) of the signal area of the two most abundant isotopes of the
[M-CI1]- ions (see Table 1) determined in a SCCP standard, a
MCCP standard and in a 1+1 mixture. Allocations of origin are
given for the latter. Isotope ratios have a precision of 0.10

CP Isotope ratios Possible origin of
congener the signal in the
SCCP MCCP S+MCCP S+MCCP mixture
CioHisCly - - - -
C,0H,Cls 1.00 - 1.18 SCCP
CoH,6Clg 1.60 - 1.58 SCCP
C,oH;5Cly 1.45 2.07 1.39 SCCP
C,0H4Clg 2.65 1.30 1.55 a
C,oH;3Cly 0.34 1.59 1.12 a
CoH;xClyy  0.63 1.85 1.64 a
Ci1HyCly - - - -
C,H,oCls 0.96 - 0.90 SCCP
C,H;5Clg 1.63 - 1.59 SCCP
C,H,;,Cl, 1.28 0.41 1.26 SCCP
C,H,,Clg 1.20 1.00 1.23 SCCP
C,H;5Cly 0.48 1.48 0.67 a
CHCly, 044 2.12 0.89 a
C,HyCly - - - -
C,H,,Cl; 0.87 - 0.85 SCCP
C,H,,Clg 1.64 - 1.64 SCCP
C,H,Cl, 1.27 1.62 1.31 SCCP
C,H5Clg 1.07 4.54 1.23 SCCP
C,H,,Cly 1.01 0.26 0.57 a
CpH,Clyy  0.96 0.35 0.43 MCCP
Ci3HyCly - - - -
C3H,3Cl; 0.85 - 0.86 SCCP
C,3H,,Clg 1.52 1.82 1.47 SCCP
C3H,,Cl, 1.30 1.47 1.31 SCCP
C3H,,Clg 1.02 3.16 1.10 SCCP
C3H,4Cly 1.08 0.23 0.84 a
C4HyCly - - - -
C4H,5Cl; - 0.75 0.78 MCCP
C4H,,Clg 0.54 1.74 1.56 MCCP
C4H,3Cl, 1.19 1.30 1.29 MCCP
C4H,,Clg 0.63 1.07 1.06 MCCP
C 1 H,,Cly - 1.09 1.13 MCCP
CsHyCly 1.56 - 1.52 SCCP
C,5H,,Cl; 0.74 0.91 0.75 SCCP
C,5H,4Clg 0.60 1.87 1.32 a
C,5H,5Cl, - 1.33 1.27 MCCP
CsH,4Clg - 1.07 1.09 MCCP
C,5sH,;Cly - 1.11 1.23 MCCP
C¢H;3,Cly 1.69 - 1.60 SCCP
C,H,Cls 0.59 - 0.60 SCCP
C;H;,Cl, 1.63 - 1.68 SCCP
C,;H;,Cl; 0.76 - 0.74 SCCP

a]dentification was not possible

should be observable as long as the number of chlorine
atoms in the overlapping mass signal is different. Isotope
ratios of the respective congeners groups were determined
in the SCCP and the MCCP standard as well as in their
1+1 mixture. Isotope ratios and their origin or eventual
disturbance are listed in Table 2.
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The isotope ratios allowed to identify the origin of the
CP signal for the following CPs: C,, with 5-7 chlorine
atoms, C,;, C, and C,; with 5-8 chlorine atoms, C,, with
5-9 chlorine atoms and C;s with 7-9 chlorine atoms (see
Table 2). A disturbance was observed in eight of overall
43 isotope ratios.

As mentioned before, masses similar to medium chain
congeners (C,5—C;) with four and five chlorine atoms can
originate from the respective short chain congeners
(C,0—C,,) with six and seven chlorine atoms. This was also
confirmed by the isotope ratios of these congeners. They
were identical for C,sH,3Cl,;, C;sH;,Cly, C,;H5,Cl, and
C,5H,,Cls5, C;4H,,Cls and C,;H;,Cls in the 14+1 mixture
and in the SCCP standard (see Table 2).

The two most abundant [M-CI]- isotopes of higher
chlorinated short chain congeners (7-9 chlorine atoms) over-
lap with those from compounds with two carbon atoms more
and one chlorine atom less (for instance C;,H,;*’Cl,33Cl,
by C,,H,,3"Cls3Cl;, see Table 3). Tomy et al. [7] also re-
marked upon this. The isotope ratios of short chain con-
geners (C;,—C;3) with nine or ten chlorine atoms were in
the 141 mixture between those of the SCCP and MCCP
standard and did not allow any allocation.

Control of retention times

CP congeners cannot be identified by retention time due
to insufficient separation by HRGC. However, the reten-
tion time range of congener groups varies sufficiently to
differentiate between SCCPs and MCCPs in many cases.
Combining this information with the isotope ratios helps
to determine whether a group of congeners in a sample
originates from SCCPs, MCCPs or from both.

The mass chromatograms of the most abundant isotope
signals of the elemental compositions of C,,H;,Cly and
C,5H,xClg are shown in Fig. 2 for a SCCP and a MCCP stan-
dard, and a mixture of both. These elemental compositions
have the same nominal mass but different isotope ratios.
Moreover, retention time ranges and overall signal shapes
deviate. C,yH,,Clg congeners eluted between 14—18 min for
the SCCP mixture, and C;sH,cCls congeners between 16—
20 min for the MCCP mixture. The shapes of the chromato-
graphic signals were influenced by both the selected mass
and the origin (s or m) of the CPs. In the S+MCCP mixture,
the shape and the retention time range of the respective chro-
matographic signals, as well as the isotope ratios, deviated
from those of the single CP standards due to the interfer-
ences between C,yH;,Clg and C,sH,¢Cls. For quantification,
a selection of a retention time window for the main elution
range of a congener group would allow us to improve selec-
tivity somewhat, although at the risk of introducing a sys-
tematic error due to the cut-off of minor humps.

Formation of [M+Cl]-

The ECNI mass spectra of CPs contain the three main
ions [M-HCI]~, [M-CI]- and [M+Cl]~ with a structure-de-
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Table 3 Mass-to-charge ratios
of [M-CI]- ions (assigned as X
in the table) of the most abun-
dant isotopes of higher chlori-
nated short chain congeners,
and the corresponding overlap
with X+8 and X+10 isotopes
of CP isomers with two car-
bons more and one chlorine
less

Fig.2 ECNI-mass chro-
matograms of the [M-Cl]- ions
of C,oH,,Clg(m/z 380.9) and of
C,5H,6Clg(m/z383.0) for a
SCCP standard, a MCCP stan-
dard and a 1+1 mixture of
both, respectively

Short chain CPs

Overlapping CP congener

CP
congener

X+8 isotope

X+10 isotope

CP Most abundant  Second abundant
congener isotope (100%) isotope

CoH;5Cl;  346.9 (X+2) 348.9 (X+4, 80%)
CoHi4,Clg  380.9 (X+2) 382.9 (X+4, 96%)
CoH5Cly  416.8 (X+4) 414.8 (X+2, 89%)
C H;Cl;  360.9 (X+2) 362.9 (X+4, 80%)
C 1 HiClg  394.9 (X+2) 396.9 (X+4, 96%)
CH;5Cly  430.9 (X+4) 428.9 (X+2, 89%)
CpHoCl; 3749 (X+2) 376.9 (X+4, 80%)
C,H;3Clg  408.9 (X+2) 410.9 (X+4, 96%)
C,H;Cly, 4449 (X+4) 442.9 (X+2, 89%)
C3H,,Cl;  389.0 (X+2) 391.0 (X+4, 80%)
C3HyClg  422.9 (X+2) 424.9 (X+4, 96%)
C3HoCly  458.9 (X+4) 456.9 (X+2, 89%)

C 1 2H20C16
C 1 2H 1 9C17
C 12H1 8C18
C 1 3H22C16
Ci3Hy, Cly
Ci3HyClg
C 1 4H24C16
C 1 4H23C17
C 14H22C18
C 15H26C16
CisHasCly
C 1 5H24C18

347.0 (3.3%)
380.9 (8.2%)
414.9 (16%)
361.0 (3.3%)
395.0 (8.2%)
428.9 (16%)
375.0 (3.3%)
409.0 (8.2%)
442.9 (16%)
389.0 (3.3%)
423.0 (8.2%)
456.9 (16%)

349.0 (0.2%)
382.9 (1.0%)
416.9 (3.1%)
363.0 (0.2%)
397.0 (1.0%)
430.9 (3.1%)
377.0 (0.2%)
411.0 (1.0%)
444.9 (3.1%)
391.0 (0.2%)
425.0 (1.0%)
458.9 (3.1%)
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pendent relative abundance. Tomy et al. [12] and later
Zencak et al. [13] showed that the relative abundance of
the adduct ion is much higher for lower chlorinated con-
geners (4-5 chlorine atoms) than for higher chlorinated
ones. The [M+Cl]~ ion was the base ion for the investi-
gated single tetrachlorodecanes, but it decreased to about
60% for the pentachlorodecane and 10% for the hexa-
chlorodecane [13].

As can be seen from Table4, the [M+Cl]~ ions from
SCCP congeners with 4—6 chlorine atoms can also cause
mass overlap. [M-Cl]- anions from MCCP congeners with
five carbon atoms more and the same number of chlorine
atoms may also disturb SCCPs.

In CP mixtures with a low chlorine content (<50%)
and therefore more congeners with four chlorine atoms,
the resulting superposition of [M-CI]- ions of SCCPs with
[M+CI]~ ions of SCCPs with two chlorine atoms less could
lead to an overestimation of congeners with five and six
chlorine atoms. The latter can also mimic the presence of
MCCP congeners with five carbon atoms more and the same

number of chlorine atoms. Such congeners are normally
just detectable in MCCP mixtures with a chlorine content
of <43%. Fortunately, the [M+CI]- anions formed from
MCCPs with low chlorine content (<50%) do not disturb
the quantification of SCCPs. Zencak et al. [13] described
a method to eliminate interferences between [M+Cl]~ and
[M-CI]- ions by applying a mixture of CH,/CH,Cl, as re-
agent gas. This enhanced the formation of [M+Cl]- ions and
suppressed the formation of [M-Cl]- ions for all congeners.

Linearity and detection limits

Linearity was investigated for two major congener groups
(C,H5Cl,,C,H,(Cly) in the SCCP standard (55.5% chlo-
rine content) and for two groups (C;4,H»;Cl;, C;5sH,5Cl,) in
the MCCP standard (52% chlorine content). A good lin-
earity, comparable to HRMS [7, 11], was achieved for
LRMS between 1-100 ng of technical CPs for SCCPs and
MCCPs (R?>0.993, seven measuring points). The limit of
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Table 4 Mass-to-charge ratios
of [M+CIl] ions of the most
abundant isotopes of lower

Short chain CPs

Short chain CPs Medium chain CPs

chlorinated short chain con- CpP [M+CI1]~ CP [M-Cl}~ CP [M-Cl1”
geners, and the corresponding congener (M+CI+2) congener (M-Cl+4) congener (M-Cl1+2)
overlaps with the second most a
abundant isotope signals from C,oH,5Cl, 315.0 C,oH,Clg 314.9 (64%) C,sHxCly 315.1 (96%)
[M-CIJ- ions of short chain con- C,oH,,Cls 348.9 C,oH;5Cl, 348.9 (80%) C,sH,,Cls 349.1
geners with the same number C,oH;6Clg 382.9 C,oH4Clg 382.9 (96%) C,5H,4Cl¢ 383.0
of carbons and two chlorines C,;H,,Cl, 329.0 C,;H,sClg 329.0 (64%) C,6H;5,Cl, 329.1 (96%)*
more. Interference with the 9
[M-CI]- ions of the most abun- C,,;H,,Cl; 362.9 C,,H,,Cl, 362.9 (800/0) C,6H5oCls 363.1
dant isotope signals of MCCP C,;H,sCl¢ 396.9 C,;H,,Clg 396.9 (96%) C,cHo5Clg 397.0
congeners is also shown C,,H,,Cl, 343.0 C,,H,,Clg 343.0 (64%) C,7H;3,Cl, 343.1 (96%)?
ag B bundant i C,,H,,Cl; 377.0 C,,H,,Cl, 376.9 (80%) C,;7H;,Cl; 377.1

ccond most abundant 150- CHyCly 4109 CLHCly 4109 (96%) CHyCly  411.1

tope

detection (LOD) for the two major components C;;H;3Cl¢
and C,,H,,Cl¢ of the SCCP mixture was 1 ng/ul of techni-
cal CPs at a signal-to-noise ratio of 3:1, and the limit of
quantification (LOQ) was 2 ng/pl at a signal-to-noise ratio of
10:1. The LODs for the two major components C,,H,;Cl,
and C,5H,5Cl; in the MCCP mixture were 0.5 and 1 ng/ul
of technical MCCPs and the LOQs were 2.5 and 5 ng/pl,
respectively. HRMS provides a better sensitivity. Analyti-
cal detection limits for major components of SCCPs and
MCCPs were between ~60 pg and ~200 pg at a signal-to-
noise ratio of 4:1 [7, 11]. However, the sensitivity of
LRMS is well-suited for the analysis of CPs in the envi-
ronment [10].

Conclusions

There is no doubt that using LRMS instead of HRMS will
increase the risk of systematic errors due to mass interfer-
ences between different CP congeners, as discussed earlier.
Nevertheless, the quantification of major congener groups
is not affected by any interference (C;, with 5—7 chlorine
atoms, C;;, C;, and C,3 with 5-8 chlorine atoms, C;, with
5-9 chlorine atoms and C;s with 7-9 chlorine atoms). How-
ever, the determination of C;,H,,Clg and C,;sH,,Clg con-
geners can be disturbed if both are present in a sample. An
evaluation of isotope ratios, retention time ranges and
HRGC signal shapes allows us to detect such problems
and to avoid a corresponding overestimation of their con-
centrations. However, this does not work for the quantifi-
cation of C,4 and C;; congeners, and will lead to values
that are too high, if high levels of C;; and C,, congeners
are present. Furthermore, the presence of SCCPs with
nine and ten chlorine atoms can be mimicked by MCCPs,
and vice versa for MCCPs with four and five chlorine

atoms by SCCPs. The sensitivity of LRMS is lower than
for HRMS, but still appropriate for the determination of
CPs in environmental samples. Also, despite the discussed
interferences, the differentiation and simultaneous quan-
tification of major SCCPs and MCCPs is still possible by
LRMS.
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