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Introduction

Organohalogen compounds are widespread contaminants in the environment.
PCB, PCDD and PCDF are among these contaminants that appear as complex mixtures
and are usually present at very low levels (ppt or ppq). The analytical protocol used
for the analysis of these components must be sensitive and very selective, since most
of the samples are contaminated by a wide variety of other polychlorinated
hydrocarbons.

Considerable interest for these pollutants over the last few decade had led to
the development of several sophisticated instruments for the identification and
quantification of PCDD/PCDFs and PCBs. Among them, high resolution GC (HRGC)
coupled to high resolution MS (HRMS) has been the method of choice since it can
afford high sensitivity and high selectivity. Unfortunately, these instruments are very
expensive and require highly trained operators. Tandem mass spectrometry (MS/MS)
has been proposed as an alternative to HRMS on both hybrid instruments and triple
quadrupole systems. However, these instruments are also expensive.

Recently, tandem mass spectrometry on ion trap detector has been introduced
has a simple and low cost instrumentation. We have applied this new approach to the
analysis of pulp and paper effluent, ambient air, fish tissue and suspended particulates
matters. These samples have low levels of targetted compounds and high levels of
interfering coextracted components, like pesticides and other chlorinated organic
compounds. For example most of the pulp and paper samples analysed in MEF
laboratory showed TCDD/F level below 15 pg/L. Even if purification methods are
quite effective for PCDD/Fs, EI/MS result suffer from lack of sensitivity and selectivity.
In an other way, higher concentration of PCBs (10-100 pg/uf) can be mask by
aliphatic hydrocarbon background in the purified PCB fraction. The objective of this
study is to evaluate the application of this new technology for the analysis of
PCDD/PCDFs and PCBs in environmental samples.
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Experimental

GC/MS/MS analyses were performed on a Varian Saturn ion trap GC/MS system
upgraded with the Wave-Board MS/MS capabilities. The system is capable of time-
programmable isolation of selected parent ions followed by collision-induced
dissociation (CID) to characteristic product ions.

Samples were injected from a Varian 8200 AutoSampler to the Septum-
Equipped Programmabie Injector (SPl) on the Varian 3400 GC. Separation was
performed on a J&W DB5-MS column (30 m x 0.25 mm ID x 0.25 um film thickness).
The SPI injector and column ramp were optimized in a prior study". Standards for
PCDD/F and PCB were purchased from CIL (Massachusetts, USA). A four point
calibration curve was prepared for PCDD/F over the concentration range from 1-200
pg/ul. A second calibration curve covering the range 5-1000 pg/ul was prepared for
the three planar PCBs (#77, #126 and #169) and two mono-ortho PCBs (#105 and
#118). Extracts of fish, ambient air, sediment and pulp and paper effluent were
prepared and analyzed (by VG AutoSpecQ HRMS) according to well established
preparation methods*® and standard MEF protocol® before analyses were run by ion
trap GC/MS/MS.

Description of the MS/MS Scan Function

lon trap MS/MS is a tandem-in-time process, by contrast to an instrument such
as a triple quadrupole system which is tandem-in-space. To accomplish the isolation
of parent ions and their subsequent CID and the scanning of the MS/MS spectrum,
this technique requires only one mass spectrometer and the different operations are
accomplished as a function of time. The Scan Function for MS/MS (Figure 1) shows
the applications of different waveforms to the ring {top trace) and endcap electrodes
of the ion trap. The four steps involved in the scan function are: 1) lonization and
rough isolation in the parent ion region, 2) Fine isolation of the parent ion, 3)
Formation of product ions by CID, and 4) Scanning of the product ion mass spectrum.
These four steps are all applied in each analytical scan (the right side of Figure 1). If
the Automatic Gain Control (AGC) function is used, then steps 1, 2 and 4 are used
to get an accurate count of the number of parent ions created with a fixed ion time
and thus to recommend an ionization time to create the optimum target number of
ions for each analytical scan. The AGC pre-scan improves the reproducibility of
product ion spectra and eliminates the space charge effect which can occur when
large numbers of ions are store in the trap.

Multiple Reaction Monitoring (MRM)

The basic Saturn MS/MS software allows the user to construct an lon
Preparation Method (IPM) file for each target compound (e.g. the m/z 322 ion of tetra-
dioxins, see Table 1). The Muitiple Reaction Monitoring feature of the new Toolkit
software package now allows the sequential isolation and CID of up to ten different
target ions in a single segment of the chromatogram. The constraint on the
applicability of the software is really the acquisition rate required for MRM analyses,
which is tied to the width of the GC peak. The PCDD/F analysis requires that four
different ions be monitored to quantitate both target compounds and isotopically-
labelled internal standards.
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Important Considerations for Quality Contro/

Confirmation criteria used for positive identification of PCDD/F were as follows:
1) Relative retention time within 0.002.
2) Detection of product ions coming from losses of CO*Cf and CQ?’CI, with (S/N) > 3.
3) Isotopic ratio between product ions within acceptable range +/- 20%
4) The sum of both product ions should be S/N > 10 for quantitation.

After optimization, a good product ions spectrum for TCDF at 1 pg/ul was
obtained. Great care must be taken not to distort the isotopic ratio for the product
ions. Pattern of product ions varied with the excitation time and voitage. Increasing
the voltage tend to displace the major fragment from the (M + 2]-CI) " to the specific
(IM+2]-COCI)* loss. Furthermore, increasing the time favored the loss of 2COCI for
dioxin. It appears that the best approach to maximize the intensity of COCI loss is to
keep the voltage between 3.0 V - 4.0 V and keep the reaction time for CID to 5 ms.
The minimum time approach has the big advantage of reducing the entire scan time
and thus increases the number of yscan per scan to maintain good quality spectrum
at low concentration ({ below 2 pg/ul ).

Results and Discussion

The linearity of calibration plots and the isotopic ratios of product ions were
routinely acceptable. Several types of samples were analysed by the ion trap
GC/MS/MS. A typical pulp and paper effluent sample is shown in Figure 2. Four
TCDF congeners are detected but only two are concentrated enough to pass isotopic
ratio. In this sample, 2,3,7,8-TCDF has been found at 3.8 pg/ut with S/N = 75.
Figure 3 shows an ambient air sample in which low level of TCDF were found in
HRMS. Total TCDF was measured at 6 pg/ul and the major congener was found at
0.8 pg/ul. This chromatogram suggest that sample detection limit is below 1 pg/ul.

Chromatograms of low PCBs concentration in a water sample can be see in
Figure 4. Comparison is being made between EI/MS and EI/MS/MS with the same
instrument on the same day. It can be seen that EI/MS/MS is quite capable of
removing matrix interfering ions from the sample and let appear targetted compounds.
Highest T4CiBp congener in that chromatogram is at 50 pg/i! and planar PCB-#77
was found at 4 pg/ul.

Conclusions

EI/MS/MS results on the ion trap confirm the high selectivity and sensitivity for
PCDD/Fs and PCBs. Detection limit in samples analyzed are around 0.5 to 1 pg/u for
TCDD/F and between 1 to 5 pg/ul for T4CIBp. Enhanced ionization efficiency should
improve the ultimate sensitivity of the method. We are currently evaluating an
enhanced hardware feature to accomplish this purpose. .
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Figure 1. The Scan F fon for MS/MS showing the AGC prescan based on parent ion
tsolation and the analytical scan including CID. The RF level is applied to the
central ring electrode; other waveforms are applied to endcap electrodes.
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Tabie 1; Parent lons masses, product ions masess and acceptable range for lnotopic retio.
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Figure 2: TCDF product lons chromatograns from a pulp & paper offluent sanple
with the 2 major congoners near 4 pg/ul.
2.22« 3.97«
Total TCDF = 6 pg/ul (HRMS) 1 222 T4C1Bp VINDOW EI/MS/MS
.Bajor TCDF poak = 8.8 pg/u
255
243 222
298
Planar PCBR77
~4 pgrul \
,A LA A
8.74; 3.91, AR T T Y T T T g T T T
'1 222
277
2411 228
285
Pigure 3: TCDF product luna chww l‘ran nn nblunf. .lr u"ln lhnulnv Figure 4: Tetrachlorobipheny! chromatograns of B and M+2 nolecular ions in

quantification limit bolouw 1 pgrul.

EI/NS (TOP) and product lons from izolatod N+2 in EI/MS/NS (BOTTOM).

VOIg/VNV



130

ORGANOHALOGEN COMPOUNDS
Vol.23 (1995)



