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Introduction

Polychlorinated biphenyls (PCBs) were commercially produced between 1929 and 1977. It was
estimated that a total of 610,000 tonnes were produced worldwide ' and approximately 40,000
tonnes of PCBs were imported into Canada prior to 1997 . Because of its unique properties,
PCBs were widely used as dielectric fluids in transformers and large capacitors, as heat transfer
fluids, hydraulic fluids, lubrication oils and as additives in pesticides, paints, copying papers,
adhesive and plastics °.

Environment Canada has declared PCBs as toxic substances under the Canadian Environmental
Protection Act (CEPA). The Toxic Substance Management Policy (TSMP), published in June
1995, provides a framework for making science-based decisions on the effective management of
toxic substances. The main management objective is the virtual elimination from the environment
of the Track | substances - toxic substances that result predominantly from human activities and
that are persistent and bioaccumulative.

An assessment report * published by Environment Canada concluded that PCBs meet all the
criteria of Track 1 substances and therefore are destined for virtual elimination.

The Level of Quantification (LoQ) is defined as the lowest concentration that can be accurately
measured using sensitive but routine sampling and analytical methods (CEPA section 65.1). Any
measurement below the LoQ may not be reliably quantifiable. LoQ should therefore be used as a
baseline to assist in establishing a virtual elimination target.

The guideline recommended by the American Chemical Society’s Committee on Environmental
Improvement * was adopted for the determination of LoQ. American Society for Testing and
Materials has also adopted this guideline as a standard practice since 1998 5. The calculation for
LoQ is:

LoQ =100

where G is estimated as s, the standard deviation (SD) of replicate measurements of an analyte at a
concentration near the detection limit (DL).

This paper summarizes the experiments for the determination of LoQ for measuring PCBs in stack
emissions and incineration ash.
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Materials and Methods

A stable emission combustion source with almost non-detectable or very little PCBs is an ideal site
for the LoQ study. A landfill gas flare at a municipal solid waste disposal site near Ottawa was
chosen for testing. A total of 12 test runs were conducted using 12 proofed sets of the modified
Method-5 (MMS) sampling train glassware ®. The sampling probe liner was cleaned and reused
after each test. Before sampling, each train-filter was spiked with a cocktail of PCBs at a level
around 5 to 10 times the estimated detection limit. A municipal waste incineration ash with a low
level of PCBs was also selected for the study. The PCB mixture spiked onto the train filter and the
fly ash contained two groups of target compounds: one group had 20 congeners for total PCB
analysis, the other group had 12 dioxin-like PCBs for TEQ analysis.

Train samples recovered from the front-half and the back-half components were combined as one
sample for PCB analysis. The solid portion (filter and XAD-2) of the sample was spiked with a
solution containing twelve "°C|,-labelled PCB surrogates followed by Soxhlet extraction with
toluene for 16 hours. The aqueous portion (condensate and diluted ethylene glycol) was extracted
with dichloromethane. Both extracts were combined with the 0Iassware rinses, changed to hexane
and concentrated to a small volume before cleanup. :

Approximately five grams of the ash sample was weighed out into a glass fiber thimble and spiked
with native PCBs and isotope-labelled surrogates. Spiked samples were allowed to dry before
placing into the Soxhlet extractor for 20 hours of extraction with toluene. Extracts were changed
to hexane and reduced to a small volume before cleanup.

The concentrated extract was cleaned by passing it through a multi-layer acid/base/silver
nitrate/silica column. This cleaned extract was split in half for further cleanup. For total PCB, a
half portion of the extract was fractionated on an alumina column by eluting with different
solvents. Environment Canada’s Reference Method EPS 1/RM/317 with respect to sample
extraction, cleanup and GC-MS analysis was followed.

For TEQ analysis, the 12 toxic PCB congeners must be free from the interference of other PCBs.
This was accomplished by fractionating the other split portion using high performance liquid
chromatography (HPLC) with an ethyldimethylsilylated silica column. The fraction containing
target PCBs was concentrated to almost dryncss and re-dissolved in 0.05 mL recovery standard
before GC-MS analysis. Detailed analytical procedures are described elsewhere °.

Results and Discussion
Each train or ash sample was spiked with 2 ng each of the 20 |nd|v1dual congeners for total PCB

analysis. These congeners are the same congeners specified in the Reference Method as
calibration standards. They represent some of the major PCB compounds in our environment and
therefore are selected for the LoQ study. In addition, samples were also spiked with 0.5 each of
the 12 dioxin-like PCBs.

Mean concentrations and SD for total PCB and TEQ analysis for train and ash samples are
summarized in Table 1. Relative standard deviation and variance (s°) are relatively high for PCBs
that are more volatile (i.e., tri- and tetra-chlorobiphenyls) and relatively low for less volatile PCBs
that have more chlorine substitutions (i.e., nona- and deca-chlorobiphenyl). The mean
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concentration among congeners varied from 2.0 to 7.6 ng for the sampling train and from 1.7 to
3.9 ng for the ash. This large variation is attributed to the background level of PCBs present in the

. gas and ash samples. Pooled standard deviation (sp) of the target congeners for train samples is

0.199 ng/m" or 0.755 ng/train while s, for the ash is 0.077 ng/g or 0.385 ng/sample. The LoQ for
measuring PCBs from an emission source involving MMS5 sampling train and GC-MS analysis is
therefore estimated as 2 ng/m® or 7.5 ng per sample. LoQ for the incineration ash is estimated as
0.8 ng/g or 4 ng per sample.

For iEQ analysis, the standard deviation for train and ash samples is 0.0016 ng/m’ and 0.001 ng/g
respectively. The estimated LoQ for measuring PCB-TEQ in stack emissions and ash is 0.016
ng/m* and 0.01 ng/g respectively.
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