Waters:

KIXXIX

The Analysis of Polychlorinated Biphenyls
(PCBS) by GC-High Resolution Mass
Spectrometry Using the Micromass
AutoSpec Ultima NT

Keith Worrall, Anthony Newton, Ramesh Rao

Waters Corporation

For research use only. Not for use in diagnostic procedures.


http://www.waters.com

Abstract

This application note demonstrates the analysis of polychlorinated biphenyls (PCBS) by GC-High Resolution

Mass Spectrometry using the Micromass AutoSpec Ultima NT.

Introduction

PCBs (polychlorinated biphenyls) are a class of man-made chemicals first manufactured commercially in the
late 1920's and were used primarily as a dielectric fluid in electrical equipment. Subsequently, PCBs were
used in many other products including hydraulic fluid, carbonless copy paper, plasticizers, pigments and
vacuum systems. PCBs were useful due to their stability and resistance to thermal breakdown, and these

very properties led to their persistence in the environment after use.

During the 1970's, the health risks associated with PCBs became a major consideration due to several well-
publicized incidents. PCBs are now suspected to be a human carcinogen and are known to be an animal
carcinogen. PCBs have also been shown to cause a number of serious non-cancer health effects in animals
and potentially in humans, including effects on the immune system, reproductive system, nervous system,
and endocrine system. Of additional concern is the fact that PCBs bio-accumulate in the food chain and are

stored in the body fat of both animals and humans.

PCB contamination from historic uses and dumping is widespread throughout the world and disposal into
waterways has caused PCB contamination of rivers, oceans, soils and even the polar ice cap. As a result,
many forms of wildlife have become contaminated with PCBs. There have been bans on fishing in various
locations. Regulatory authorities have implemented various advisory and compulsory maximum levels for

PCBs in a variety of foodstuffs and in drinking water.

Delegates from 127 countries formally voted approval of the Stockholm Convention on Persistent Organic

Pollutants on 22 May 2001, in Stockholm, Sweden.

This convention specifies twelve initial target compounds including PCBs, immediately prohibiting PCB
(polychlorinated biphenyl) production and mandates a phase-out of ongoing uses over time. With a goal of
completely phasing out PCBs by 2025, the treaty calls on countries to make determined efforts to remove

from use all PCB containing electrical transformers and other equipment.



Regulatory Requirements

PCBs of particular toxicological concern have been identified by the World Health Organization,
often described as the WHO-PCBs. Across the world there are many different methods (both legislative and

non-legislative) for the analysis of PCBs (e.g. USEPA method 1668(a)).

In the UK and across much of Europe, there is no specific legislative method for the analysis of PCBs. For
example UK-based laboratories use a variety of different extraction and clean-up methods, often employing
the USEPA 1613 dioxin extraction and clean-up methods to isolate the PCBs from samples. Generally, gas
chromatography (GC) coupled with high-resolution mass spectrometry (HRMS) is the preferred method for

analysis, offering selectivity, sensitivity and certainty in results.

The analysis illustrated in this Application Note is intended to be an example of the applicability of the



AutoSpec Ultima NT for the analysis of the WHO-PCBs, and could be as easily applied following any

legislative method explicitly.

The general common factor in the various methods is the use of labelled internal standards for quantification
and determination of recoveries, the use of resolution in excess of 10,000 resolving power (5% height, 10%

valley definition) coupled with a 30m-60m GC column, either DB5(ms) type or SPB-octyl or similar.

Experimental

The instrument was tuned to in excess of 10,000 resolution at electron energy 30 eV, before calibration over
the mass range for the experiment to be acquired. The experiment used was a three-function voltage selected
ion recording (VSIR) acquisition system. The mass calibration is typically performed on a daily basis and by
keeping a hardcopy record of the per-fluorokerosene (PFK) peaks during calibration, a permanent record

of instrument resolution is maintained - essential for the level of auditing in a modern accredited laboratory.
Instrument resolution is also automatically monitored and reported in a similar format to initial calibration after

each sample run to keep a constant audit trail of instrument performance.

All data acquisition was controlled by MassLynx v4.0 Software, and data processing was performed using

QuanLynx Application Manager.

GC Conditions

Column J&W DB5-ms 60m, 0.25mm |.D.,
0.25 pm

Temperature | 140°C for 4min, 15°C/min to
program 220°C, 5°C/min to 260°C,
10°C/min to 310°C for 12.7min.
Injection Splitless, 280°C, purge time 4mins,

conditions | purge flow 30mL/min

Flow rate ImL/minute Helium




MS Conditions

lonization mode | El+
Resolution 10,000
Electron Energy | 30eV
Acquisifion mode | Voliage Selected lon
Recording (VSIR)

Function 1
Mass Dwell  Delay

Time
289.9224 50 20 Tetra-PCB
291.9194 50 10 Tetra-PCB
292.9824 50 10 Lockmass
301.9626 50 10 13C-Tetra-PCB
303.9597 50 10 13C-Tetra-PCB
325.8804 50 10 Penta-PCB
327.8775 50 10 Penta-PCB
337.9207 50 10 13C-Penta-PCB
339.9178 50 10 13C-Penta-PCB
Function 2
Mass Dwell  Delay

Time
325.8804 50 20 Penta-PCB
327.8775 50 10 Penta-PCB
330.9790 50 10 Lockmass
337.9207 50 10 13C-Penta-PCB
339.9178 50 10 13C-Penta-PCB
359.8415 50 10 Hexa-PCB
361.8385 50 10 Hexa-PCB
371.8817 50 10 13C-Hexa-PCB
373.8788 50 10 13C-Hexa-PCB
Function 3
Mass Dwell  Delay

Time
359.8415 50 20 Hexa-PCB
361.8385 50 10 Hexa-PCB
371.8817 50 10 13C-Hexa-PCB
373.8788 50 10 13C-Hexa-PCB
380.9761 50 10 Lockmass
393.8025 50 10 Hepta-PCB
395.7995 50 10 Hepta-PCB
405.8428 50 10 13C-Hepta-PCB
407.8398 50 10 13C-Hepta-PCB

Firstly, a single function survey injection was performed to allow determination of the acquisition time

windows for the multi-function analysis.



A sample list was then set up to include a solvent blank injection of nonane, and a CS2 to CS§, five-point

calibration using WHO-PCB standard sets.

After the calibration, more nonane solvent blank injections were made, before sample extract injections were

performed.

The samples were spiked with labelled internal standards for each of the WHO-PCBs and 13C-PCB-138 was

added as recovery standard.

For post-analysis processing, QuanLynx allows the use of more than one calibration curve and quantification
method. In the case of these samples, following an EPA1613 type extraction and clean-up procedure, the
mono-ortho (MO) PCBs were separated into one extract, and the non-ortho (NO) PCBs were separated into a
second extract (which also contains all dioxins and furans (PCDD/F's) from the extracted sample. This
required two injections, firstly of the MO-PCBs and secondly of the NO-PCBs. These two calibration

curves can then be input into a single QuanLynx report file, ensuring that all sample results are easily

traceable.

Two quantification methods were setup, one to monitor for the MO-PCBs and one to monitor for the

NOPCBSs, the congeners determined in each method are tabulated below:

MO-PCBs NO-PCBs
Targets Internal Standards Targets Internal Standards
PCB-123 13CPCB-123 PCB-81 13CPCB-81
PCB-118 13CPCB-118 PCB-77 : 13CPCB-77
PCB-105 13CPCB-105 PCB-126 _ 13CPCB-126
PCB-114 13CPCB-114 PCB-169 _ 13CPCB-169
PCB-167 13CPCB-167
PCB-156 13CPCB-156 Recovery Standard (for both MO and NO)
PCB-157 13CPCB-157 13CPCB-138
PCB-189 13CPCB-189

The methods were used to produce a calibration curve, and limits of detection were calculated based upon

the lowest standards signal-to-noise values for each congener.

Results and Discussion



Figure 1 shows a typical chromatogram for WHO-PCB analysis with the groups labelled.
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Figure 1. Typical chromatograms for WHO-PCB analysis.

Figures 2 and 3 show the calibration curves for MO-PCB-156 and NO-PCB-17 illustrating the excellent

quantitative linearity.
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Figure 2. Calibration curve for MO-PCB-156.



[] File Edt View Display Processing Window Help Al

FH| +0 >

i 0.040

2 |rcBr7 078  YES 7.3 0.000 0.00700 1.028 3454 003| vES 104

8 PCB-128 164 YES 945 0.000 945 1.001 1638 0228 YES 104

4 |pcB-189 128 VYES 449 0.000 0.449 0987 1675| 0437 VES 104

k2 13CPCE-81 080 YES 855 0.000 0.000 1558 5928 0017 YES 104

& |13cPCB-TT o07g|  ¥ES 102 0.000 0.000 1513 4539 0017 YES 104

[ 13CPCB-126 1.58 YES 88.0 0.000 0.000 1.382 5012 0020 YES 104 ﬂ
Compound name: PCB-81
Response Factor, 1.00419
RRF SD: 0.0275076, % Relative SD: 2.73927
Response type: Internal Std ( Ref5), Area * (1S Conc. /13 Area )
Curve type: RF

201 -
e )
e 3
Response- e
=g o
e
0-¥7 T T I (ERen |BARAN EAEE LALEA R T T T T T T T T T | SARAIREAS TIT T T T N Py
1] 10 20 30 40 50 60 70 80 30 100 110 120 130 140 150 160 170 180 190 200

Ready [T loi_o5_pee_17 [ NUM

Figure 3. Calibration curve for NO-PCB-17,

The calibration curve summary, with calculated LODs based upon a 10 g sample is presented in Table 1.



Congener | RRF Mean RRF %Rel S0 LOD {pg) LOD {(pg/g- | WHO-TEF
WHO-TEQ)
PCB-81 1.00 2.74 0003 0.00000003 0.0001
PCB-77 1.03 345 0003 000000003 0.00m
PCB-123 0.4s5 2087 0.007 000000007 0.0001
PCB-11% 095 261 000y 000000007 0.00m
PCB-105 0.as Elsi 0.ao¥ 00000000y 0.000q
PCB-114 0.96 247 0.007 000000035 0.0005
PCB-126 1.00 1.64 0.007 0.00007 0.1
PCB-167 1.01 218 0.004 0000000004 0.00001
PCB-156 095 1.24 0.004 0.0000002 0.0005
PCB-157 0.95 2.34 0004 0.0000002 0.0005
PCB-169 0.499 1.E8 0.005 0000005 0.0
PCB-189 1.0 2 BB 0.004 000000004 0.00m
Total WHO-TEQ 0.0001
Total TEQ detedion limit based upon 10g of sample.

Table 1. Summary of quantitative results.

The results from the quantitative data processing are stored and displayed for ease of review in the QuanLynx
Browser. Figure 4 and 5 show views of the QuanLynx Browser for the MO-PCBs and NO-PCBs respectively.
The two calibration curves can be viewed in the same QuanLynx file, selecting between the two from a drop-

down list (Figure 5).
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Figure 4. QuanLynx Browser view for MO-PCBs.
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Figure 5. QuanLynx Browser view for NO-PCBs.

Conclusion

High Resolution Gas Chromatography (HRGC) coupled with High Resolution Mass Spectrometry (HRMS) is
the analytical technique of choice for analysis of PCBs - the Micromass AutoSpec Ultima NT is the market

leader in this field.

The Micromass AutoSpec Ultima NT offers the ultimate sensitivity, quantitative linearity, reproducibility and

stability necessary for regulatory PCB monitoring.

In addition, MassLynx v4.0 Software and the QuanLynx Application Manager give unprecedented automation,
ease-of-use and data acquisition and processing functionality with numerous features dedicated to PCB

analysis.
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