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Marny health effects originally attributed to PCBs appear 10 result
from their pyrolysis and combustion by-products, PCDF and PCDD.
This study developed improved techniques for characterizing these
products and showed that PCDF and PCDD do not form during
catastrophic arcing failure in transformers and capachors.

Partial cridation of askarsis—rmixtures of polychiorinated biphenyis (PCB)
and tri- and tetrachiorobenzenes—produces polychiorinated dibenzofurans
(PCDF) and polychiorinated dibenzo-p-dicxins (PCDD). However, analytic
techniques 1or separating the active components in thess mixtures ae not
yot mature. Information is also sparse on the quantity and types of PCDF
and PCDO in as-manutactured PCB and on their formation during nommat
operation or arcing faliure in ity equipment. Because of ihese uncertan-
ties, utiiities and reguisiors assume the worm-case PCOF-PCDD formation
when there is a PCB-related accident and thersby oversiate potential ioxicity

To improve techniques for measuring PCOF-PCDD in the presence of PCB
and in utiiity transformers and capachors.

Ressarchens developed a rationais for selecting transiormers and capaci-
tors 10 be sampied jor PCDF-PCDD comtent. They sleo simuisted cata-
strophic transformer faliure through arcing in askarel and contaminated
mineral Oit 10 itrvestigate PCOF-PCDD formation. Several laboratories then
performed round-robin gas chromatography-mass spectromatry analyses of
PCDF-PCOD samples using specially prepared carbon-13 (WC) PCOF
spiking compounds. After the first set of snalyses, sach laboratory modified
its fechniques and analyzed a larger group of samples from utility equip-
ment. Another organization statistically analyzed sl labormiory results.

These thres volumes are the first release in 8 sixvolume repont of
PCOF-PCOUD snalytic findings. Results from all participating laborstories
comsialed remarkabiy weil. Some of those results follow.
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» Making use of the “C compounds. researchers successtully seps-
rated the components in several ciosety eluting pairs of phywmologically
active PCDF and less-active components.

» The ressarchers found no PCOF or PCDO in the arcing of PCB,
U+ and tetrachiorobenzens, or contaminated mineral oll,

» Analysss of sampies from utility equipment suggested that the
PCOF-PCDD present did not result from high-load, high-temperature
operstion. -

Volume 1 presents researchen’ sampling recommandations for
investigating PCDF-PCODD in utiity equipment. & siso describes arcing
simuiations and results. Yolumes 2 and J describe several analytic
wehniques, with volume J including a report on the synthesis of new
PCDF spiking compounds. Later volumes will complets the descriptions
of iaboratory techniques, present comprehensive siatistical analyses,
and provide an executive summary.

This project sppears 10 be a landmark in PCOF-PCDD ansiysia. One
imporiant result is the synthesis of new PCDFs for use as spiking
cOmpounds in gas chromatography-mass spectiometry analysis. The
abliity 10 separate many of the actve PCOF compounds from more-
inhocuous materials is also of grest valus. The fact that laborstory
results correimaed so well indicates that researchers can have great
faiblity in sslecting techniques and deveioping facilies.

Utiities benefit from this work in several weys. The study provides dsta
showing that Wile or no PCOF-PCDD forms in slectrical equipment
sither during normal operation or during arcing fadlure. Mocsovet, Im-
proved analytic techniques make it clear that past predictions of toxicity
have been unnecesaarily high.
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ABSTRACT

The objective Of this study was to analyze dielectric fluids contaminated with
polychlorinated¢ biphenyls (PCBs), including in-service transformer fluids, for
specific polychlorinated dibenzofurans (PCDFs) and dibenzo-p-~c¢ioxins (PCDDs) using
13C-1abeled internal standards together with the best extraction and analyticai
gas chromatography/mass spectrometry (GC/MS) technigues available in-house. On
completion of the first phase of the investigation, the methodology was assessed
and several improvements were incorporated into the procedure before continuing
with a round.robin analytical study.

Samples were spiked with :3C-ladeled PCOF and PCOD interna) standards before
extraction and clearup using basic and acidic alumina columns. The concentrated
extracts were analyzed dy high-resolution GC/Vow-resolution MS in the selected-
fon-monitoring mode,

The methodology was appiied to eight spiked baseline samples (Aroclors, tri-/
tetrachlorobenzenes, and aged mineral ofls) and 11 in-service dielectric fluids,
for the baseline samples, good agreement was obtained betwsen measured and
expected values for the mineral ofl and chlorobenzene mixtures. Two of the three
Aroclors gave substantially higher concentrations for hexa- through octa-(DFs than
expected, [n the case of tha in-service samples, PCOF levals ranged from "not
detectable” to about 30 ppm (w/w),

MONS 215412
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SUMMARY

There is increasing fnterest in tha potential formation of polychforinatad
dibenzofurans (PCOFs) and polychlorinated dibenzo-p-dioxing (PCODS) from
uncontrolled fires tnvolving polychlorinated diphenyls (PCBs) and chlorobenzanes
{(PCB2s) in dielectric fluids. At the temperatures that prevai) in transformer
fires, PCBs may react to form PCOF contamfnants and other toxic oxidation
products.,

vVary 1fttle published information is availadble on the cccurrenca and distridbution
of PCDFs and PCODs 1n the PCB-containing dielectric fluids (generally known as
askarels) that are used by the electric utility industry. Even less 1s known
about the effect of service 1ife on the contaminant concentration in PCB-f11led
electrical equipment. The possibility also arises that adbncrmal operation
{arcing, overheating) may create conditions that lead to the formation of PCDFs
and PCODs 1n the equipment. Tests using laboratory animals suggest that these
compounds at an equivalent concentration are such more toxic than the more
abundant PCBs. Moreover, the toxicittes of PCDFs and PCDDs sary over a range of
five orders of magnitude depending on the specific compouna {f.e., degree of
chlorinatton and Jocation of chlorine atoms).

In order to measure isomer-specific PCOFs/PCODs in PCB-contaminated dielectric
fluids, the Electric Powar Research [nstitute initiated the present study, with
the following major objectives:

(1) Perform a round-rodin analytical methods evaluatior, using the best
available in-house extraction and amalytical techniques

(2) Analyze in-service dielectric fluids for PCOFs ‘anc *CODs of
tnterest.

The round-robin method evaluation was designed to validate :ne analytical
methodology and to determine the accuracy with which specific 1somers could be
quantified. [t Included the synthesis of native and isotop‘cally labelad
standards, and the anglysis of spiked baseline samples. Five laboratories were
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involved in this effort: Battelle Columbus Laboratories, [IT Research [nstitute,
New York State Oepartment of Kealth, Radian Corporation, and the Chemistry
Department of the University of Umea, Sweden,

The in-service gielectric-fluid study consisted of developing appropriate
selection criteria, obtaining representati{ve samples, and analyzing the selected
samples. General Electric Company developed the sglection criteria, Battelle
Columbusg Laboratories collected the samples, and the analyses were performed by
the same group of five laboratories mentioned above.

The study was conducted in two phases. [n Phase [, five spiked bDaseline samples
(Aroclor 1018, Aroclor 1242, Aroclor 1260, & tri- and tetrachlorobenzens mixture,
and aged minaral oi1) and four {n-service dielectric fluids were analyzed using
the best techniques available in-house. Response factors for the components of
interest were generated at a single concentration using a standard calibration
solution. Phase [] was undertaken after the results from Phase | were assessed
and improvements to the methodology were implemented. [n the second phase,
calibration curves were generated over the linear response range of the analytical
system at five concentrations using calibration solutions containing eight native
compounds and five labeled compounds. The resulting response factors werg used to
characterize three spiked baselina samples (Aroclor 1016, Aroclor 1260, and aged
nineral oil) and seven in-service dielectric fluids. The results were evaluated
to determine precision and accuracy.

This report susmarizes [IT Research Institute's participation in the program,
outlines the &nalytical methodology used, and discusses resvits obtained from the
andlysis of the baseline and in-service samples.

ANALYTICAL APPROACN

Combined capillary column gas chromatography/mass spectrometry {GC/MS) 1s the
method of choice for tha isomer-specific analysis of trace concentrations of PCOFs
and PCDDs in PCB-containing dielectric flyids, The selectivity of high resolution
GC togethar with the sensitivity and specificity of MS yields detection limits in
the Tow ng/g (parts-per-biilion) range for these compounds.

Since capillary GC columns cannot handle these complex sample matrices directly,
the samples are extracted first using a basic atumina column to separata the
analytes of interest (4i.e., PCBs, PCOFs, PCODs) from them, This 1s followed by an
enrichment step (acidic alumina column) to remove co-extracted interferences and
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to concentrate the PCDFs and PCODs in the sample extract. Finally, GC/ms analysis
of the extracts, in the selected-ion-monitering mode, allows the PCOFs ang PCODs
of interest to be identified and quantified. This is based on the pramise that
esch chlorinated compound Class can be separated by GC so that a unique set of
mass spectral indicator fons can be monitored for each of several appropriate GC
retention time windows. The samples are spiked with 1)C-labeled PCOF and PCOD
Internal standards before extraction and cleanup to determine the recovery
efficiency and improve quantitation accuracy. -

METHOO EVALUATION

The round-robin method evaluation was designed to validate the amalytical
procedures and determine the reliability with which specific compounds could be
identified and quantified, The methodology was applied to eight baseline samples
spiked with known amounts of native and isotopically labeled PCOF/PCOD isomers.

Very good agreement was obtained between measured and expected values for the
mineral oi! and chlorobenzene mixtures. The baseline Arocior samples showed a
strong incrgase in PCOF content as the weight percant of chlorine was increased.
Thus, Aroclor 1016 give no measurable levels of PCOF, other than those which had
been spiked into the samples, whereas Aroclor 1260 showed significantly higher
concentrations, especially for the higher congener classes.

ANALYSIS OF [N-SERVICE SAMPLES

The analysis of the 11 in.service samples gave results that ranged from "not
detectable” levels of PCOFs to about 30 wg/g. [t was difficult, however, to
establish clear correlations dbetween PCOF concentrations and dielectric fluid
composition as the composition of several of the in-service fluids was not

known, Nevertheless, in some cases, 1t appeared that the concentrations of PCODFs
_in the in-service fluids could be explained in terms of the amounts present in the
original Aroclor 1260 fluid.

concLYS [ond

The procedures developed for the sensitive and compounc-specific characterization
of PCOFs and PCODs in PCB-contaminated cdielectric flyids proved to be relfable
when applied to & variety of matrices and over a wide range of concentrations,
The study succesded in characterizing the PCOF/PCOD content of the samples, and
permitted the assessment of the precision and accuracy of the procedurs under
carafully controlled experimental conditions.

MONS 215420
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Since the occurrence and distribution of PCDFs in in-service fluids may be dye !n
large part to the amounts present In the origina) Aroclor 1260 fluid, the askarels
that have been in use in electrical equipment may not contain highar levels of
PCDFs than unused fluids. Although the data obtained in this study provide some
indications that this wmay be the case, there s insufficient information avatlable
to draw firm conclusions, and further work is clearly needed.
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Section 1
INTRODUCT ION

For many years, polychlorinated bipkenyis (PCBs) and chlorobenzenes (PCBzs) have
been widely used as dielectric fluids {n transformers and capacitors. Many of the
011-f111ed transformers in service also contain trace quantities of PCBs as 2
result of manuficturing and transformer-servicing practices [1}. When scientific
evidence began to accumulate in the late 1960s about their adverse toxic proper-
ties, the sale of PCHs was halted in 1971 for a1l uses except in closed electrica)
systems. The U.S. Congress promulgated the Toxic Substances Control Act in 1976
and inCluded special provisions for the regulation of PCBs. By 1979 the produc-
tion of PCBs was banned. However, roughly 130,000 transformers and 2.8 miilion
capacitors that contain PCBs or mixtures of PCBs and tri- or tetrachlorobenzenes,
4130 known as askarels, remain in service, Another 2 million mineral oil trans-
formers contain Flyid contaminated with PCBs in concentrations of 50 parts per
million (ppm w/w) or greater [2].

Since 1979, the formetion of the highly toxic pblychlorinated dibenzofurans
{PCDFs) and polychlorinated dibenzo-p-dioxing (PCDDs) has been linked to uncon-
trolled fires involving PCB-containing dielectric fluids. At the temperatures
that prevail in such fires, PCBs may react to form PCDFs and other toxic oxidation
products. Laboratory studies [3| have shown that pyrolysis of PCBs at tempera-
tures of 200° to 600°C in air could result in the formstion of significant amounts
of PCOFs (Figure 1-1). Similarly, PCDOFs and PCDDs may form when PCBzs are heated
in the presenca of air [4}. In fact, severa) transformer fires have been reported
in which the resultant soot and ash contained relativaly large amounts of PCOFs
and PCODs [5,§]. Although the ambient concentrations of PCOFs and PCDDs are
normally very Jow, tests using laboratory animals suggest that these compounds at
an equivalent concentration are much more toxic than the more abundant PCBs.

Information is relatively sparse on the occurrence and distribution of PCOFs and

PCODs in the original PCB fluids [7,8]. Even less i3 known about how these levels
are affected by normal oparation of PCB-fi1lled electrical equipment or by abnormal
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Figure i-1. Pyrolytic Formstion of PCDFs and PCODS

operation, such as arcing or overheating. One study has suggested that PCDF
levels in contaminated transformer askarels increase with the time the transformer
is in service (3], This study, however, was performed using analytical technigues
that are generally regarded now as ocutdated. A more recent study []0) has shown
that askarels that have deen in use in slectrical equipsent do not contain higher
levels of PCOFs than the umnused fluids,

There are 135 PCOF and 75 PCOD isomers (Table 1-1), The toxicities of these
Compounds vary ovar about five orders of magnitude, depending on the degree of
chlorination and the location of the chlorine atoms [11]. Genarally, the most
tox1C isomers are the 2,31,7,.8-substituted congeners, shown in Figure 1-2. A
highly sensitive and isomer-specific analytical method 1s needed to measure
specific compounds,

To address these issues, the Electric Power Research Institute (EPRI) Initiated a
program with the following major elements:
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Table 1-1
CHLORIKATED ISOMERS OF PCOFs, PCDDs, PCBs,

CPs, AND CBzs
Chlorine

Substitution PCOFs  PCDDs PCBs  ¢cPs  (Bzs
Mono- 4 2 3 3 B
D1- 16 10 12 6 3
Tri- 28 14 24 6 3
Tetra- k! ] 22 L H 3 3
Penta- 8 14 46 1 1
Hexa- 16 10 2 -- 1
Hepta- 4 2 { | -- --
Octa- 1 i 12 - -
Nona- -- .- 3 - .-
Deca- -- - 1 -- --

13§ 78 209 19 12

o oa : al o o T aa :&u uf-_:[u
o 0 oo @ 0 @ aa : : o a | o o o ° e
a a
2,3,7,8- 1,2,3,7,8- 1,2,3,4,7,8- 1,2,3,6,7 8- 1,2,3,7,8,9-
TCDD PnCDOD HxCDD HxCDD HxCDD

o -] o -] a [+ L -] 0 a O -] [~
a [~} Qa [~}
2,3,7,8 1,2,3,7,8- 2,34,7,8 1,2,3,4,7,8- 2,3,4,6,7,8-
TCDF PnCDF PnCDF HxCDF HxCDF

Figure 1-2. The Most Toxic PCDD and PCDF [somers
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. Round-robin method evaluation using the best available in-houge
extraction and analytical technigques

. Analysis of in-service dlelectric fluids for PCOFs and PCDDs of
interest.

The round-robin method evaluation was designed to validate the analytical metho.
dology and to determine the acCuracy with which specific isomers could be
quantified. It inCluded the synthesis of native and isotopically labeled
standards, and the andlysis of spiked sample matrices {(baseling samples). The
standards ware synthesized by Radian Corporation, who also prepared the spiked
matrix samples. The samples were analyzed "blind* by Battella Columbus Labora-
tories, IIT Research Institute, New York State Department of Health, Radian
Corporation, and the Univarsity of Umea, Sweden.

The in-service dielectric study consisted of developing appropriate selection
‘criteria, obtaining representative samples, and andlyzing the selected Samples.
Genera) Electric Company prepared the selection critaria document, Battelle
Columbus Laboratories collected the samples, and the same group of five labora-
tories 1isted above performed the analyses.

The study was conducted in two phases. In Phase I, five spiked baseline samples
{Aroclor 1016, Aroclor 1242, Aroclor 1260, a tri- and tetrachlorcbenzens mixture,
and aged mineral o0i11) and four in-service dielectric fluids were analyzed using
the best available in-house extraction and andlysis techniques. Response factors
for tha components of interest wers gensrated at a single concentration using a
standard calibration solution, Phase {1 was initiated aftar Phase [ results were
assessed and several improvements to the methodology wers implemented. In this
phase, calibration curves were genarated over the linear response rings of the
GC/MS system at five concantrations using calibration solutions containing eight
native compounds and five labaled Compounds. The rasulting response factors were
used to characterize three spiked baseline samples (Aroclor 1016, Aroclor 1260,
and aged mineral o11) and seven in-service dielectric fluids, The results were
evaluated to determine precision and accuracy.

This report documents [ITRI's participation in tha program, and Includes 4 summary

of the analytical methodology used, the results obtained from the baseline fluld
study, and the resylts obtained from the in-service fluid study.
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Section 2
AALYTICAL METHODOLOGY

BACKGROUND -

The 1somer-specific analysis of trace concentrations of PCOFs and PCDDs in PCB-
containing fluids is a challenging problem. The enalytical difficulty is
compounded by the presence of interfering substances such as PCBs or polychlori-
nated dipheny) ethers (PCDEs). Combined capillary gas chromitography/mass
spectrometry (GC/MS) 1s the method of choice for syuch saasursments, The selec-
tivity of high resolution GC, together with the sensitivity and specificity of
mass gpectrometry, ylelds detection limits in the low ng/g range for these
compounds .

Since capillary GC columns cannot handle PCB-contaminated fluids directly, the

- samples must First be extracted with & suitable solvent to separate the analytes

of interest (PCBs, PCOFs, PCDDs) from the matrix. An enrichement step then removes
co-extracted interfersnces and concentrates the PCOFs and PCDOs 1n the sample
extract. Finally, GC/MS analysts identifies the sample extract and provides a
quantitative measure of the PCOFs and PCODs, based on the premise that G( separa-
tion of each chlorinated compound class can be achieved so that & unique set of
mass tpectral indicator fons can be monitored for each of the appropriate GC
retention time windows.

To improve 1dentification and gquantification, appropriate ':{-labeled 1sotopic
analogs of the polychlorinated dibenzo-p-dioxing and dibenzofurans are sdded to
the samples prior to extraction and analysis. ‘JC-conteining compounds are not
present in significant quantities in naturally occurring materials and are clearly
distinguishable from netive compounds (1C) by mass spectrométry. Spiking the
samples with labeled compounds thus provides unique interna) standards for
accurate analysis and deteraination of the recovery efficiency of the msethod. An
overview of the general analytica) protocol is shown tn Figure 2-1.
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Standard Solutions: ¢ Analysis Parametens
Labeled ('°C) and — GC resolution
Native PCDFs and — Retention times
PCDDs ¢ MS Response Factors

Labeled (* GC/MS

internal o ANALYSIS )

Standards

T — _

Dielectric ¢ Extraction Identification and

Fluids ® Cleanup Quantification of

¢ Baseline ¢ Concentration PCDDs and PCDFs in

¢ |n-service Dielectric Fluids

Figure 2-1 Overview of Amalytical Protocol

PREPARATION OF CALIBRATION STANDARDS AND SAMPLES

Phase |

Calibration Standards. A set of calibration standards was prepared and distri-
buted by Radian Corporation, The uniformly labeled '}C.standards, in individual
wpcules, werg mixed with the "Radian PCDF/TCDO Cocktail® to give a calfbration

solution containing the following compounds at a concentration of 10C ng/ml each
in n-nonane:

7,8-TCDO 15C-2,3,7,8-TCDO
7,8-TCDF 13€-2,3,7,8-TCOF
3,7,8-PnCDF 0C-1,2,3,7,8-PnCDF
3,4,7,8-HxCOF 13C-0CD0.

3" .5.7.3-w

- - 9 s
L Ly NP
- v e o

Baseling Squples. The five baseline safples were prepared at Radian Corporation
as tolutions in n-hexane at & concentration of 0.25 g/m.. Each sample was spiked
with four i13C-labeled internal standards--.3C-2,3,7,8-TCOF, .»C-2.3,7.8-TCDO,
13C-1,2,3,7,8-PnCDF, and 13C-0CDD--at concentrations of 100 ng/g each, [n addi-
tion, the three Aroclors and the tri-/tetrachlorobenzeng mixture were fortified
with the native {somers 1,2,3,4,7,8-HxCDF and 1,2,3,4,6,7,8-HpCDF at concentra-
tions of 100 ng/g each,
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The aged mineral o1l sample contained a mumber Of native PCOF/PCOD {somers, ot
levels ranging from O to 150 ng/g, as well as 510 ug/g Aroclor 1260 and 530 vg/9
tri./tetrachlorobenzene mixture, to simulate the composition of a “real-world*
transformer filled with mineral oil (see Figure 3-2 for details).

The tri-/tetrachlorobenzene mixture was prepared by Radian Corporation to
tpproximate a "typical® commercia) dielectric mixture. [t had the following

composition:
1,2,4-trichlorobenzens 51.2%
1,2,3-trichlorobenzene 13.4%
1,2,4,5-tetrachlorobenzene 2.6%
1,2,3,4-tetrachlorobenzene 28.4%
pentachlorobenzene .4

The baseline samples were fdentified by Radian as follows:

Compound Radfan 1.0, Code
Aroclor 1016 £729-09-01
Arocior 1242 €729-10.01
Aroclor 1260 £729-11.01
Tri-/tetrachlorobenzens mixture E729-12-01
Aged mineral ofl £729-08-01

In-Service Samples. The preliminary round-robin Study was conducted by three of
the participating laboratories (including I[ITRI), using four dielectric fluids
taken from in-service transformers and capacitors. The semples wers selected by
Sattelle Columbus Laboratories from a repository of 20 in-service samples obtained
by following selection criteria laid down by General Electric Company. The flyids
consisted of a mineral 011 and three askarels., One of the askarels was taken from
a trangformer after 20 years of service, while a second was taken from &
transformer (of a different manufacturer) after 31 years of service. The :=ira
askare] was removed from g Capacitor that had bulged, but not ruptured, while in
service, The mingral ol] sample contained PCBs and was taken from a transformer
that had fafled in service by arcing,

Upon receipt at [ITRI, 0.1-¢ semples of the four in-service fluids were spiked
with 20 ng of each of the interma) standards, '3C-2,3,7,8-TCDO, .3C-2,3,7,8-TCOF,
and 11C-1,2,3,7,8-PnCOF, and 28 ng of the interna) standard !:C-0(DD.
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The in-service samples were identified by Battelle as follows:

Compound Sattelle [.D, Code
Transformer mingral of) 1SL-4-0
Capacitor askare! ISL-1-A
Transformer askare! 1SL-2-A

(20 years' service)
Transformer askare) 1SL-3-A

(31 yeags' service)

Phase 11
Calibration Standards. Radian Corporation prepared a set of calibration standards
containing eight unlabeled components:

2,3,7,8-TC00 1,2,3,4,7,8-KxCOF

2,3,7,8-TCOF 2,3,4,6,7,8-HxCOF

1,2,3,7,8-PnCOF 1,2,3,4,6,7,8-HpCOF

2,3,4,7,8-PnCOF 0COF

and five yniformly labeled '3C standards:

13C-2,3,7,8-1C00

i ’c-2.3-7.’-Tc0F
11(.1,2,3,7,8-PnCOF
11C-1,2,3,4,7,8-HxCOF
13C-0CD0.

The standards were prepired at seven concentrations of each of the native ::C-
components: 2.5 ng/ml, 10 ng/mL, 40 ng/mL, 150 ng/mL, S00 ng/ml, 2,500 ng/mL, and
7,500 ng/mL. In each standard, the concentration of the !JC-components was held
constant at 500 ng/ml each.

Baseline Samplag. Thres baseline samples were prepared at Radfan Corporation ag
solutions in n-hexant 4t & concentration of about 0.2 g/ml. Each sample was
spiked with 100 ng/g of each of the five !)C-compounds 1isted above. Each sample
was 4130 spiked with *b1ing® amounts of the following unlabeled compounds:

2.3.7..—TC°° l,Z,J,‘,?.B-HICDF
203.7..'Tm 1.2.3.5.7.8-”!{:0?’
2,3,4,8-TCOF 2,3,4,6,7,8-HxCOF
1,2,3,7,8-PnCOF, 1,2,3,4,6,7,8-HpCOF
2,3,4,7,08-PnCDF OCOF,

In addition, the mineral o017 sample was spiked with 625 .g/g Aroclor 1260 and
1250 vg/g tri-/tetrachlorobenzenes,
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The baseline samples were identified by Radian & follows:

Compound Radian 1.0. Code
Mineral ofl £729-53-01
Aroclor 1016 £729-53-02
Aroclor 1260 £729-53-03

In-Service Semples. Seven in-service samples were selected by Battelle Columbus
Laboratories for characterization by the participating laboratortes. The fluids
consisted of five askarels and two mineral ofls, all of which were prepared at a
concentration of approximately 200 mg/mL in n-hexane. CEach sample was spiked at
Battelle with the five isotopically labeled internal standards at concentrations
of 100 ng per gram of oil,

The in-service samples were identified by Battelle as follows:

Compound Sample Mo, Battelle 1.0, Mo.
Transformer askarel 41159-11-11 15L-03-A
Transformer askarel 41159-11-12 [SL-08-A
Capacitor Aroclor 41159-11-13 ISL-27-A
Precipitator transformer Aroclor 41159-11-14 ISL-17-A
Transformer mineral oil 41159-11-15 {SL.23-0
Transformer mineral ofl 41159-11-16 I5L-04-0
Transformer askarel 41159-11-17 ISL-02-A

SAMPLE EXTRACTION AND CLEANUP

The extractfon and cleanup procedure was based on the general method described by
Albro and coworkers (12,]3] for the fractionation and class determination of
complex mixtures of chlorinated aromatic compounds. Briefly, the orocedure
consists of the following major steps: .

1. To the sample (-0,1 g). spiked with a mixture of :1C-

labeled PCOF and/or PCOD internal standards, about 30 ng of
2.3, 7-tri-C00 is added to serve as a "carrier” compound,

2. The sample is chromatographed on a gel permestion columm
szo g Sephadex LH-20), eluting with 50X methylens chloride-
n-methanc] and collecting the 80-150 ml fraction, to
steparate halogenated arometic compounds from any aliphatics
present.

3. About 10 L of propylene ¢lycol are added as a "keeper”
compound, to prevent samplie loss during evaporation.
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4. After reducing the volume of the halogenated aromatic
fraction by roto-evaporation, the fraction iz chromato-
graphed on an A-540 basic alumina column (20 ¢ topped with
a layer of anhydrous sodium sulfate), eluting the PCB
fraction with 180 mL of 2% methylene chloride-in-hexane.

§. The PCOFS, PCODs, polychlorinated quadphenyls, and less
chlorinated PCOs are recovered by eluting with 20%
sethylene chloride-in-hexane {200-220 aL),

6. About 10 ubL of propylene glycol are added, then the
fraction is concentrated to near dryness and loaded onto a
10 g EN-1078 acidic alumina column, elyting with 80 sl of
13 methylene chloride-in-hexane, to purify the PCDF/PCDD
fraction. The eluate is discarded.

7. The purified PCOF/PCOD fraction is eluted with 20%
methylene chloride-in-hexane (120 mL).

8. The extract is concentrated to 25 ul immediately before
analysis after carrying out a solvent exchange into
toluene.

9. 1f necessary, the extract is purified further by loading it
in hexane onto a small (1 cm) coluen Of Carbopack C mixed
with Celite 545, eluting with 2 mL hexane, 1 ml of $0X
methyleng chloride-in-Cyclohexane, and 1 mL of methylens
chloride:methanci;benzene (75:20:5). The column flow i3
ro\lvorsed and the PCOF/PCOD fraction 1s eluted with 8 mL of
toluene. .

GC/MS ANALYSIS

Samples and standards were anglyzed using combined capillary column gas
chromatography/low-resolution mass spectrometry (HRGC/LRMS or GC/MS).
elements of our gnalysis protocol were as follows:

. HRGC/LRAS
-=Unit mass resolution -1,000
--$P-2330, OV-17 columng

. Selected [on Monitoring
--Two fon masses monitored per PCOF/PCOD congener class

o [ldentification Criteria
-=Coincident GC retention times
-=Correct intensity ratios for monitored ions

) Quantification
-=Direct comparison with added internal standards
--M$ response factors from standards.
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The gas chromatograph, 4 Varian 3700, was equipped with 8 60 m x 0.25 wm 1D fuseqd-
silica SP-2330 (Supelco) column, Samples were injected in the splitless mode,
with the column programmed from 85°C to 250°C at a rate of 15°C/min, and held at
the upper limit for 60 min. The 5P-2330 column has been shown to separate the
2,3,7,8-TCOD from all other tetra-isomers, and to partially separate the 2,3,7,.8-
TCOF from the 2,3,4,8-TCOF [14,15). However, it is unable to resolve 1.2,3.7,8-
PnCDF from 1,2,3,4,8-PnCDF ang 1,2,3,4,7,8-HxCOF from 1,2,3,4,7,9-HxCOF. These
isomers can be separated to some extent on less polar caiumns, suCh as OV-17 or
08-5 [14,15].

An example of the chromatographic resclution obtained using the SP-2330 column is
shown in Figure 2-2 for 2,3,7,8-TC00 and several closely eluting tetradioxin
isomers. The plot clearly shows that this column is {somer-specific for 2,3,7,8-
TCO0. Figure 2-3 shows the separation obtained between the 2,3,7,8- and 2,3,4,8-
TCOF isomers. Here the resolution is not 43 good as in the pravious case, but it
is nonetheless sufficient to permit quantification of the two fsomers in most
cases.

All data were acquired by software-controlled muiltiple ion detection using two ion
masses from the molecular fon cluster for each of the PCOF and PCOD lavels of
chiorination. Two fons ware also monitored for each intermal standard. This
permitted the calculation and comparison of the isotope ratios with their
theoretical values to verify their fdentity. Several additional ion masses were
monitored to indicate possible interferences from chlorinated diphenyl ethers
(16.17]. The presence of these compounds could give rise to fragment fons with
the same masses as those monitored for the PCOFs. Therefore, the absence of a co-
response for the diphenyl ether 1on mass when & PCOF compound shows & positive
response was taken to indicate that the signa) for the PCDF was "real.”

The massas that were monitored, along with the theorstical isotope ratfos, are
listed in Tedble 2-1, In order to obtain maximum sensitivity and selectivity
during an experiment, the run was divided into four adjoining’ time windows., Each
window contained up to 16 fon masses (for specific native and labeled PCOFs and
PC00s, and chlorinated dipheny) ethars); the sample dwell times and interchanne!
delay times were chosen to give the most sensitive and rapid cycle time. Since
the GC column used in this work did not yield complete separation of each
chlorination level of PCOFs/PCODs from the other growps in a given time window,
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TITLE TCDD PE MIX #2: 1A SPLITLESS [NJ/SP2T30(81942):1 vy
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Figure 2.2, Selected fon currest profile for mass 322 from GC/MS anglysis of
performance check solutton containing TCDDs as noted n the plot, using a 50 m
SP-2330 fused silica capillary column,
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Figure 2-3. Selected fon current profile for mass 304 from GC/MS analysis of
performance check solution containing TCOFs as noted on the plot, using a 60 m
$P-2330 fused-silica capillary column.
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Tabla 2-1
ANALYTICAL SEQUENCE IN 6C/MS DETERMINATION OF PCDFs AND PCDOS

110to08

Teng . Creie Owell Tons Mon TOree  Retra

Timg Start Stop GC Column Prog Apte Tiae Time Campounds (n/g) (Mens 1/
Window imin} imia) Tems, (°C) (‘C/ain)  (ws) (ws) wonitoree Masi T Wagas & Masg 21
! '4:00 26:00 [ 1) 18 3200 197 I 303.%  305.9 0.77
C-TCDF 31590 M)z 9.77

}‘ )Mee .9 e.m

=TCO0 N9 3.9 o.M

n?’ mse M. 9.61

FoCDF 399 3.9 0.6t

‘ PalD0 e W 1,54

! wOPE* 33,8 .. -
HplPE » W0r.e . -

2 W00 33.30 %0 - ey 198 PnlOF B3y e 0.4
PriOF o e ne.e - -
000 J55.y 1y 1.94
PACDOY 20.9 - -

COF e a1 1.23
Deantof 339 387.9 1,23

MxCOF ¥* 310.% Lo .-

HC00 . W 1.2

WalDOR 3.9 .- -

DY w018 -- --

' ooPE® 438 - -
3 35:30 34:00 230 - 3750 372 aCOF I IS8 1.23

wxCOD i W 1,23
oCOF @0r.8 w098 1.03
HeCDOD 3.8 .8 1.03

ODPE* 438 - -

NOPE arm,? - -
4 56:00 84:00 %0 - e N OCOF 41,7 4y o.M
w 47,7 a9 0.8
<0C00 449.8 a8 0.8

ODPE* . - --

————)

" HuDPE, HpOPE, ODPE, NOPE, ODPE dosignete hena=-, nedta~, 3CTa=, "OAd-, Ing SaCaC™ (Oro8)phany!
athars, raspectiveiy,

e Maes monlitores to identity frogmeny 1oa (M-COCH),

MONS 215435



e

\ some of the 1on masses were Included 1n more than one window to ensure thet all
1somers from & particular congener Class were monitored.

Three major criteria were used to confirm the presence of specific PCOFs/PCDDs in
the samples analyzed:
* correct retention times for each PCOF/PCDD of interest

relative to the appropriate isotopically ladeled internal
standard(s) _

»  intensity ratio for M*/(Me2)* within 10X of the theorsti-
cally expected ratio (see Tabla 2-1)

N signal-to-noise response for sach PCOF/PCDD of interest
greater than 2.5:1 for both fon masses monitored.

Quantification. Ideally, sach of the 210 separate isomers of PCOF and PCOD should
be quantified using the instrument response of the corresponding labeled internal
standard as a reference. 3ince only a limited number of these standards ara
available 1n practice, the approach generally followed 13 to use an appropriate
set of internal standards that includes representative isomers from esach
chlorinated class of PCOFs and PCODs, and further assume that the data obtained
for these are rspresentative of all isomers in sach group.

Relative response factors were determined from the analysis of standard solutions
containing. the interntl standards and isomers representative of each chlorination
class. Response factors were calculated from the following equation:

RF = Ax{Qis/Ais)Qu (2-1)

where Ax = sum of the Integrated 1on abundances of the masses for
the unlabeled compound

Als = sum of the integrated ion abundances of the masses for
the appropriate labeled compound

Q1s = amount of the appropriate labeled compound, ng
Qx = amount of the unlabeled compound, ng. '

The PCOFs and PCODs 1n the sample extract are quantified by calculating the ratios
of the mass spactral responses obtained for the fons characteristic of the labaled
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PCOFs/PCDDs to those of the appropriate internal standards, corrected for
differences in response factor. The equation used for quantification was:
Ax - Qis
Concentration (ng/9) = s V- (2-2)
whare W » weight of sample, g
RF = response factor. -

Secauss the labeled internal standard was added befors the sample was sxtracted
and analyzed, and the internal standard was quantified at tha same time as the
native components, any losses of PCDO/PCDF incurred during the analysis were
accounted for by the above approach.

Detection 1imits, {.e., the minimum detectable concentrations required to produce
4 signal 2.5 times the averege background signal, wers calculated for sach
PCOF/PCOD congener class. For sach class, the average width of the baseline
noise-band for the native compounds and the peak height for a known concentration
of the associated 13(-lgbeled analog wers measurad manually. Measursments of the
noise band were made in a region of the selected lon current profile that was free
of intarferences and as close as practicable in the plot to the peak for the
corresponding 13C-labeled compound. The detection 1imit, DL, was calculated using
the relationship:

oL = 2. $ .Al °' 13 (2_3)

whare Ax = height of the noise band of the selected mass for the

unlabeled compound

Als = haight of the peak corresponding to the labeled compound
of the same congener class.
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Section 3
RESULTS AND DISCUSSION

PHASE 1

Cglidbration and Quatity Assurance Data

Before using the 5P-2330 GC column to generate response factors and amlyze the
baseline and in-service samples, the column perforsance was evaluated in terms of
1ts ability to resolve the isomers of interest and to cover the entire tetra-
through octd- range of compounds. The resolution of the column for the highly
toxic 2,3,7,8-TCDD and TCDF with respect to closely sluting isomers 13 shown in
Figures 2-2 and 2-3. Figure )-1 shows the separation of the tetra- through octa-
congeners in a tota! analysis time of about | hour, using the temperature progras
given earifer. The {on masses used to monitor the PCOFs and PCDDs are indicated
on tha plots, along with the identity of the specific components detected.

The response factors generated using the standard "Radian PCOF/TCDD Cocktail®
solution described eariier are 11sted in Table 3-1. The solution, which was
analyzed in triplicate, did not contain either the OCOF or OCDC components. OCDF
was, however, included in the “Rappe Toxic Cocktail," which was 4130 mixed with
equa) amounts of the '3C-labeled standards. Analysis of this solution gave an
average response factor of 0.92 £0.13 for OCOF with respect to '2C-0CDD. The
response factors used to calculate the concentrations of the other PCOFs end PCDOS
of interest in the Phase | baseline and in-service samples are marked with
asterisks 1n Table 3-1.

Baseline Sawples

To test the various procedures, the five baseline samples were extracted and
aratyzed in duplicate for the native spikes listed in Figure 3-2, and for total
PCOFs and PCODs. The results obtained for the analysis of the baseline fluids are
summarized in Tables 3-2 through 3-6. It should be noted that tha values reported
for the {somer pairs 1,2,3,7,8-/1,2,3,4,8-PnCOF and 1,2,3,4,7,8-/1,2,3.4,7,9-HxCOF
are shown as composite amounts, since these isomers cannot be resolved using the
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Flgure 3-1,

using $P-2330 capillary column,
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Selected 1on currant profilas of chrematography performsance salution
{a) YCOF/TCOD/PCOF components in lst time
HxCDF componant 1n 2nd time window; (c) HpCOF component in 3rd time
0CDD in 4th time window.
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3C.Labeled Internal
Standards '2C-Native Spikes
[100 ng/g each] Samples {100 ng/g each]

'2C-2,3,7,8-TCDF Aroclor 1016 1,2,3,4,7 8-HxCDF
**C-1,2,3,7 8-PnCDF 1,2,3,4,6,7,8-HpCDF
'°C-2,378-TCDD
.|"c-ocpp

Aroclor 1242

Aroclor 1264 2,3,7,8-TCDD [40 ng/3)
2,3,7 8-TCDF [20 ng/3]
2,3,4,8-TCDF [100 ng/g)
1,2,3,7.8-, 1,2,3,4,8-
PnCOF [140 ng/g)

. 2,3,4,7,8-PnCDF [100 ng/g)
/ 1,2,3,4,7,8-HxCDF [12¢ n;/g]
1,2,3,4,7,9-HxCDF [100 ng/g]

1,2,3,4,6,7,8-HpCDF

[100 ng/g]
OCDF [160 ng/g)
Arocior 1260 [S10 ug/5)
Tri-/Tetra CBs [530 113/g)

1

Tri-/Tetra Chs

Figure 3-2. Summary of Baseline Samples and Spikes (Phase 1)
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Table 3-1
AVERAGE RESPONSE FACTORS FOR PCOD/PCDF CALIBRATION COMPOUNDS (PHASE 1)

Average Response Factor

Compound 1600 TCDF Pndé ' 1ac-ocpp
2.3,7,8-7C00 0.98 £0.03* 0.86 $0.07
2,3,7,8-TCDF 1.39 £0.12 1.21 £0.01*
1,2,3,7,8-PnCOF 1.04 $0.08 0.91 £0.02 1.24 10.03*
1.2.3,8,7,8,-0COF  0.95 $0.04  0.84 £0.06  1.1340.03¢  1.40 £0.06
1,2,3,4,6,7,8-HpCOF .24 20,11 1.09 $0.14 1.48 10.14+ 1.79 £0.68*

*Response factors used to calculate concentrations in samplas.

5P=2330 capillary column. In the case of the partially overlapping 2,3,7,8-
/2.3,4,8-TCOF peaks, the amounts of each present in the samples wers estimated
from the relative areis of the peaks. These arsas were determined by dropping &
perpendicular line from the viliey between the two peaks to tha baseline.

Aroclor 1016 (Redian 1.0. €729-09-01). The Aroclor 1016 sample was extracted and
analyzed in triplicate (Table 3.2) instead of duplicate, largely because of the
marked differences observed for several of the component concentrations in the
first two determinations, In fact, the results show that far better agresment wis
observed between the second and third determinations; we are unable to explain the
“values obtained in the first determination.

In terms of the second and third determinations, the data in Table 3-2 show that
the Aroclor 1016 fluid does not contain any native PCOFs or PCODs other than those
that wers spiked into the sample before analysis. The values obtained for the
spiked components, 1,2,3,4,7,8-/1,2,3,4,7,9-HxCOF and 1,2,3,4,6,7,8-HpCOF, are
roughly 50% of the expected concentrations. The reason for these low recoveries
is not clear, but w4y be due to an adverse matrix effect.
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Table 3-2

PCOF/PCDD CONCENTRATIONS IN BASELINE SAMPLE: ARDCLOR 1016
{Radian 1.0. £729-09-01|
Concentration {rg/g}
Measured
Components Spiked Bet. 1 Det. 2 Det 3 Ave
PCOF /PCOD
Total Tetra-COF %0
Total Penta-COF 125
Yota! Hexae-COF 158 6l 6 92
Total Hepta-COF 152 . 4§ 45 81
Octa-COF 59
Total Tetra-COD
Octa-COD
Compound
2.3,7,8-Tetra-COD
2,3,7.8-Tetra-CoOF 18
2,3,4,8-Tetra-COF 8
1,2,3,7,8-Penta-COF? i
x.z 3.‘.3"'“‘.'@"
2'3 ..7'8'Peﬂt.'cor
1,2,3,4,7 ,8-Hexa-COF* 100 109 61 56 76
1.2.3.‘.7 .Q-Hlll-cof'
1.2.3.7. .9-NOIC-C°F
1.2.3.‘ 7'..H"..CDF
2.3.‘.5 7..‘“.‘.'CDF
1,2,3,4,6,7,8-Hepta-COF 100 83 45 45 58
* [somers coelute on SP-2330 column.
MONS 215442
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Aroclor 1242 (Redian 1.0. £729-10-01). Two extractions and analyses were
performed on the Aroclor 1242 sample (Table 3-3). [n general, a larger number of
PCOFs and PCDDs was observed at significantly higher levels than in the Aroclor
1016 sample. The first determination gave very good agreement batween the spiked
and observed levels of HxCOF and HpCOF components. The measured values, however,
werg much lowser for the second determination. B8y contrast, the velues obtained
for the other tetra- and penta- CDFs of interest showed good agreempent with one
another.

Table 3-3

PCOF/PCDD CONCENTRATIONS IN BASELINE SAMPLE: AROCLOR 1242
[Radian 1.0. E729-10-01]

Concentration
fet. 7

Componsnts Spiked  Det. T Ave.

PCOF /PCOD

Total Tetra-CDF 854 878 868
Total Penta-COF 382 kr &} 353
Total Hexa-CDF 152 58 105
Total Hepta-CDF 144 74 109
Octa-CDF - 120 134 127
Total Tetra-CDD

Octa-c0D
Compound

2.3,7.8-Tetra-C0

2,3,7.8-Tetra-CDF 70 =] 10
2,3,4,8-Tetra-COF 153 161 187
l.z |3|7..-P.nt..w. ‘7 ” ‘z
1‘ z .3.‘.°-Peﬂtl-wr'

2,3,4,7,8-Penta-COF 67 k! ] 51
102030‘|7o.‘mx.‘W' 100 100 25 63
1.2 .J.‘u 7 09""!““"

1,2,3,7.8,9-Hexa-(DF
1,2,3,6,7,8-Hexa-COF
2,3,4,6,7,8-Hexa-COF

1,2,3,4,6,7,8-Hepta-COF 100 110 44 n

* lsomers coelute on SP-2330 column.

MONS 215443
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Aroclor 1260 (Radian {.0. E729-11-01), The Aroclor 1260 sawple (Table 3-4) showed
4 rather complex mixture of PCDFs at significantly increased levels in comparison
with either Aroclor 1016 or Aroclor 1242. Herm, tha agreement between the two
determinations was generdlly very good. The values obtained for the two spiked
HxCOF and HpCOF components are six to seven times higher than the expected values,
probably as a result of the levels of these compounds which, togethsr with the
other PCOFs listed in the table, are present as contaminants in the Aroclor

1260. These data emphasize the point that tha Aroclors, especially Arocler 1260,

Table J-4

PCOF /PCDD COMCENTRATIONS IN BASELINE SANPLE: AROCLOR 1260
|Sempla Wo. E729-11-01]

C ntration
Components Spiked . Ave.
PCOF /PCOD
Total Tetra-COF 629 - 1] 612
Total Penta-COF 1039 1034 10%7
Total Hexa-COF 1372 1493 1433
Total Hepta-COF 1810 2159 1985
Octa-CDF 381 “wre  415¢
Total Yetra-COD
Octa-COD 2
Compound
2,3,7,8-Tetra-C0OD
2,3,7,.8-Tetra-COF 145 144 145
2.3.‘.3—Tltl‘l-cur “ ‘7 ‘3
1,2,3,7,8-Penta-COF* 236 22§ 23l
1,2,3,4,8-Penta-COF#
2,3,4,7 ,8-Penta-CDF 89 86 88
1,2,3,4,7,0-Hexe-COF* 100 568 634 601
1 |2|3|‘. 7 .Q-Hlll-cof'
1 .2 [3 Jg 7 |. .9-Hlll-CDF
1.2.3.‘.7 |."H.l."CDF .
2 * 3". 6 » 7 ..-HQII-CW
1,2,3,4,6,7,8-Hepta-COF 100 626 742 684

* [somers coelute on SP-2330 column.

MONS 215444
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contdin considerable amounts of PCDFs, despite the fact that they were "frash”
fluids that had not seen any service in slectric utiiity equipment,

Iri-/tetrachiorobenzenes (Radian [.0. £729-12-01)}. 8oth measurements of the PCOFs
and PCODS in the tri-/tetrachlorobenzene sample gave valves that wers in excellent
agreement with each other ind with the amounts of the HxCDF and MpCOF components
spiked into the fluld (Table 3-5). The results suggast that the polychlorinated
benzene matrix 1s relatively "clean® and does not have s negative influsnce on the
extraction and analysis of PCDFs and PCDDs using our procedurs,

Table 3-5

PCOF /PCDO CONCENTRATIONS IN BASELINE SAMPLE: CHLOROBENZEMES
{Radian 1.D. E729-12.01]

ncentration

nent Splked et. Ave.
PCOF /PCDD

Total Tetra-(DF

Total Penta-CDF

Total Hexa-CDF 105 100 103
Tota) Mepta-COF 101 95 98
Octa-COF

Total Tetra-CDO

Octa-C00

Compound

2,3,7,8-Tetra-COD
2.3,7.8-Tetra-COF
2,3,4,8-Tetra-COF

1.2,3,7,8-Penta-COF*
1 » z [ ] 3 .‘.B-Piﬂtl-mf‘
2+3.4,7,8-Penta-COF

2,3,4,7,8-Hexa-COF* 100 105 100 103
2,1.4,7,9-Mexa-COF*

z' 3'7.3.9-NGII-C°F

2,3,6,7,8-Hexa-COF

3,4,6,7,8-Hexa-COF

+2,3,4,6,7,8-Hepta-COF 100 101 95 98

L)
.
*
L]
[ ]

1
1
1
1
2
1

* [somsrs coelute on 5P-2130 column,

MONS 215445
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Aged Mineral D11 (Radian 1.0. E729-08-01), The aged mineral oil sample was chosen

to simulate a complex real-world situation, as 1llustrated in Figure 3-2.

The

dats in Table 3-6 show reasonably good agreement between the two determinations.
In some cases, such as for 2,3,7,8-TCOD and 2,3,7,8-TCOF, both the repeatability

and accuracy were aimost 100%, while in others, notably 2,3,4,8-TCOF and

1,2,3.4,7,8-/1,2,3,4,7,9-HxCOF, the agreement Detween the two determinations was
Furthermore, for 2,3,4,7,.9-PnCOF and 1,2,3,4,6,7,8-HpCOF, the measursd

poor,

PCOF/PCOD CONCENTRATIONS IN BASELINE SAMPLE:

Components
PCDF /PCDO

Total Tetra-COF
Total Penta-COF
Total Hexa-COF
Total Hepta-COF
Octa-COF

Total Tetra-C0O
Octa-CoD

Compound
Tetra-CDD

~Tetra-COF
-Tetra-COF

S-Penta-CDF*
,8-Penta-COF*
.8-Penta-COF

Lol ’a
+»3,7,8
'y .8
[ L3 .7
ey .‘
[ Rd ] .7 8
+7 ,8-Hexa-COF*
o] +9-Hexa-COF*
.B.Q'MI-CDF
'r.a'mll-mr
+7 ,8-Hexa-COF

sty iy
L i
LA Ad
16 ¥y
LA Rad 4

Table 3-6
RINERAL OIL
{Radian 1.D. E729-08-01|
Concentration
asy

Spiked** Det. | Avg.
88 52 70
172 158 165
13 2 207
24 56 40
160 40 158 m
41 43 42
4«0 41 a1 41
20 22 20 21
100 66 2 49
140 113 1 112
100 59 45 52
120 130 281 206

100
100 24 52 k]

2.3,.7
2.3.7
2,1,4
1,2,3
1,2,3
2,3,4
1,2,3,4
1,2,3.4
1,2,3,7
1,2,3,6
2,3,4,6
1,2,3,4

v2,3,4,6,7,8-Hepta-COF

* lsomers coelute on 5P-2330 column,

** [n addition, sample spiked with 510 ug/9 Aroclor
530 ug/g tri-/tetrachlorobenzenes.

1260 and

MONS
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values were markadly lower than the expected concentrations. No clearcut reasons
can be offersd for thase large discrepancies,

In-Servics Swmples

Thrae of the participating laboratories undertook & preliminary round-robin study
using four dielectric fluids taken from in-service transformers and capacitors.
Becduse this reprzsented our first attempt at characterizing the PCOF and PCOD
const ituents of in-service equipment, the only speciation performed was for the
2,3,7,8-TCOF and TCOO. For the rest, only total congener class concentrations
were measured. All of the samples were extracted and anelyzed in duplicate. The
results obtsined are discussed in the following sections.

0i1-Filled Substation Distribution Transformer (Battelle 1.D. ISL-4-0). Sample
[SL-4-0, a mineral ¢!1 fluid containing 100 ug/g PCBS, was taken from a substation
distribution transformer. The transformer had failed in service as & result of
major arcing. Analysis of this sample did not reveal the presence of any PCOFs or
PCODs (Table 3-7).

Table 3-7

PCOF /PCD0 COMCENTRATIONS 1IN IN-SERVICE SAMPLE:
OIL-FILLED TRAMSFORMER
|Battelle 1.0, ISL-4-0]

ot girig
Concentration ait
Compongnts Det. i Ave.

PCOF /PCDO '

Total Tetra-COF nd nd nd 10
Total Penta-COF nd nd nd 18
Total Hexa-CDF nd nd nd 22
Total Hepta-COF nd nd nd 7
Octa-COF nd nd nd kX ]
Total Tetra-CDO nd nd nd 10
Octa-COD nd nd nd k k]
Compound

2.3,7,8-Tetra-CO0 nd nd

2,3,7,8-Tetra-CDF nd nd nd

nd = not datected
MONS 215447
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Askarel Capacitor (Battelle I.D. ISL-1-A). Sample [SL-1-A was taken from a
capacitor containing Arocior 1242 which had failed in service. It had bulged but
did mot rupture, and showed evidence of burnt paper on the inside. Again,
sralysis of the fluid did not reveal the presence of detectable levels of PCOFs or
PCODs (Table 3-8).

Table 3-8

PCOF /PCDD CONCENTRATIONS IN IN-SERVICE SAMPLE:
ASKAREL CAPACITOR
|Battelle 1.D. ISL-1-A]

Detection
Concentration Limit
Componants Det. et. Ave. (na/q)
PCDF /PCDD
Total Tetra-COF nd nd nd 1
Total Penta-COF nd nd nd 10
Total Hexa-COF nd nd nd 9
! . Total Hepta-COF nd nd nd 6
: Octa-COF nd nd nd 4
: Total Tetra-CoD nd nd nd 1
Octa-C0D nd nd nd. 4
Compound
2,3,7,8-Tetra-CDD nd nd nd
2.3.7,3-Tltfl-COF nd M M
nd = not detected
Askare)l Load Center Network Transformer (Battelle I.D. ISL-2-A). Sample [SL-2-A

was taken from a 10ad canter network transformer that hed been in service for 20
yedrs, and contained typical proportions of Aroclor 1260 and tri-/tstrachloro-
benzenes. The results of the analysis (Table 3-8) revealed substantial concentra-
tions (ug/g-levels) of al) of the congener classes, espacially MxCOFs, Further-
more, the agreement observed between the two sets of data was quite satisfactory

MONS 215448
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and did not Indicate any analytical ¢ifficuities that could be ascribed to the
matrix, The valugs shown here are similar to those obtained sarlier for the
“fresh* sample of Aroclor 1260 (Table 3-4), which had not seen any electric
utility service.

Askgre] Load Center Ngtwork Transformer (Battelle [.0. ISL-3-A), Sample ISL-3-A
contained 70% Aroclor 1260, 29% trichlorobenzenes, and 1¥ tetrachlorobenzenes. The

f1utd was taken from a transformer that hed been in service for 31 years. Mere,
the concentrations for the PCOFs (Table 3-10) were significantly higher than for
the previous Aroclor 1260-containing transformer (ISL-2-A), etpecially with
respact to the hexa-, hepta-, and octa-COFs. This transformer had been in service
for 11 years longer than ISL-2-A.

Table 3-9

PCOF /PCOD CONCENTRATIONS IN IN-SERVICE SAMPLE:
ASKAREL LOAD CENTER METWORK TRANSEORMER
[Battelle 1.D, I1SL-2-A)

Detection
ntration Limit
Compongnts - Det. N Ve, {m[g}
PCOF /PCOD
Total Tetra-COF 962 549 156 3
Total Penta-COF 2163 g2l 1542 2
Total Hexa-COF 24 1436 2342 3
Total Hepta-COF 1341 1844 1593 1
Octa-COF 162 962 562 7
Total Tetra-COD nd nd nd 3
Octa-COD nd 48 7
Compound
2,3,7,8-Tetra-CDD nd

nd nd
2,3,7,8-Tetra-COF 281 141 211

—————

nd » not detected

MONS 215449
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Table 3-10

PCOF/PCOD CONCENTRATIONS IN IN-SERVICE SAMPLE:
ASKAREL LOAD CENWTER NETMORK TRANSFORMER

L 1y
oncantration it
Componant s Det. Oet. 2 Ava. {ng/q)
PCDF/PCOD )
Total Tetra-COF 210 68 13 1
Total Penta-COF 2,94 716 1.933 1
Total Mexa-CDF 10,965 3,967 7,466 2
Total Hepta-COF 12,931 11,484 12,208 1
Octa-COF 5.723 6,093 6,308 6
Total Tetra-C0D nd nd nd 1
Octa-C00 nd 10 6
Compound
2,3,7,8+-Tetra-C00 nd nd nd
2,1,7,8-Tetra-COF 13 8 11

nd = not detected

Conclusions

The results obtained in the Phasa [ pilot study for the anglysis of the five
baseline and four in-service samples suggested that the extraction and analysis
mathods devaloped for PCOFs and PCODs in dielectric fluids are compound-specific
and sufficiently sensitive, However, indications were that the precision
attainable with these methods could possibly be 1q:rovl'd by attention to some
aspects of the extraction and sample concentration procedurs. Thase were
addressed at the start of the Phase ] study.

‘Analysis of the baseline samples gave reasonable agreement with expected values in
those cases whare comparisons were possible, 1.e., 1n those samples in which the
native levels of the PCOF-contaminants did not mask the comporents that were
spiked into the samples. [n the case of the in-service samples, significant
quantities of PCOFs were found in 20- and 3l-ysar-old transformers containing
Aroclor 1260.

MONKS 215450
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PHASE 11

Upon completion of the Phase [ study, several changes were made to the sample
extraction and concentration procedures in an effort to improve the overal)

precision and efficiency of the methodology. Thase changes, which are incor-
porated in the method summary, were based on the work of Albro et al. [13] and
included the follewings

1. Investigate the effect of reducing the length of the A-540
basic alumina column, because elution through this column
was found to be the most time-consuming step. [nvestigate
the effect of increasing the size of the EM-1078 acid
alumina column--the least time-consuming step--1n an effort
to improve overall cleanup efficiency.

2. Include propylene ?lycol as a “keeper” and 2,3,7-tr1-COD as
a "carrier” to minimize losses during evaporation of
solvents and on glass surfaces.

3. Replace 1sooctane with toluene as the final solvent to
reduce losses during sample concentration due to the strong
adherence of some congenars to the glass walls.

4. [nvestigate the efficacy of the roto-svaporator for all
simple concentration steps.

S. Include 1ons in the GC/NS anelysis mass-menw to indicate
the presence of polychlorinated diphenylethar
interferences.

Most of these steps proved to be beneficial and were incorporated into the sample
extraction protocol that was used in Phase Il of the study.

Quality Assyrence and Calibration Dats

Colymn Perforsancy. Bafors undertaking the Phase Il stage of the Investigation,
the performance of the 5P-2330 6 column was checked to evaluate its ability to
resolve the isomers of interest and to cover the entire congsner range of
interest. Figures 2-3 and 2-4 show the resolution obtatned with this column for
2,3,7,8-TC0D and TCOF from their closely elutfng 1somers.

Figure 3-3 shows the plots obtained for the chromatography performance standard,
which was prepared at Battelle, to further evaluate the system and establish the
order of elution on the SP-2330 fused-silica column. To this mixture we sdded
severdl more 2,3,7,8-substituted PCOF/PCOD isomers (denoted below with an
asterisk} in order to establish their elution times as wall, The performence

MONS 215451
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Figure 3-3. Selected 1on current profiles of chromatography perforsance solution
using 5P.2300 capillary column, (a) TCDO/TCOF/PnCOD/PNCOF components in lst time
window: (b) HWxCDD/HxCOF/PnCOF components in 2nd time window; (c) HpCDO/HDCDF /HxCOF

components in 3rd tiee window.
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aixture was prepared with the following compounds at a concentration of about 200
Pg/ul each 1n n-decane, and the order of elutfon 1s shown below.

Isomer €lution Orger
1,3,6,0-TCDO First tetra-CDD eluter
1,2,3,4-TC0O Co-eluter
2.3.7,8-TC00
1,2,8,9-1C0D Last eluter
1,3,7,8-TCOF Second tetra-COF eluter
2,3,4,8-TCOF Co-eluter
1.2.3.8-TCDF Co-sluter?
2.3.7..-TCDF
3.4.6,.7-TCOF Second-last tetre-COF eluter
1.2.3.7..-Pm0'
1.2,4,6,8-PnCOF Second pents-COF eluter
1,2,3,4,8-PnCODF Co-etuter
1,2,3,7,0-PnCOF Co-¢luter
2,3,4,7,0-PnCOF
2,3,4,6,7-PnCOF Last panta-COF eluter
1.2.3.‘.7.8-“!@'
1,2,3,6,7,8-HxCOD*
1.2,3,7,0,9-NxCDO* Second last eluter
loZ.‘.CJ.I-NxCDF Second hexa-COF eluter
1.2.3.‘.7..-“!CDF
1.2.3.‘.7.'-’"lc°f
1,2,3,7,.8.9-HxCOF®
2,3,4,6,7,0-HxCOF Last hexa-COF eluter
1-2.3.‘.5.7.3-HPCDO' Last eluter
102030‘06-7o.'W' First elyter
1O2o3|‘o7..o" * Last eluter.

Galibration Data. The calibration standards prepared by Radian were used to
genarate five sets of calfbration curves and response factors for the compounds of
interest. For example, the selected fon current profiles obtained for the Injec-
tion of & 2 uL aliquot of the 150 ng/mL standard solution are shown in Appendix A
(Figure A-1), along with a 11sting of the raw data for esch mass, tise centroid,
concentration, and corresponding peak area. The masses ysed to monftor for the
components of interest as well as the measyred pedk areas are shown on the plots.

The calibration curves are shown in Appendix 8, Figurss 8-1 through 8-3. No data
were obtained for the 2.5 ng/mL and 7,500 ng/mL standards, since they gave
rasponses that fell outside the working range of our SC/MS system. The results in
Figures 8.1 through 8-9 indicate that al) of tha experiments] data are well
approxisated by straight lines, the correlation coafficients for lingar
regressions ranging batwesn 0.9920 and 0.9997.

MONS 215453
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Response factors for the compounds of interest were calculated according to

€q. 2-1. The response factors generated in this way are listed in Taple 3-11,
along with the mean of replicate determinations (Ave.), the standard deviation
(SD), the percent relative standard deviation (RSD, X), and the number of repli-
cate measurements performed {(n). [n general, the precision obtained for the ind!-
vidual compounds at each concentration is highly satisfactory, and 15 less than
10% RSD for al) of the compounds except OCDF. Because of chromatographic 1immita-
tions, OCDF did not give measurable pesk areas for the 10 and 40 ng/ml standards,
and the RSD for the higher native concentrations ranged between 7.8% and 16.0K%.

[t 1s interesting to note that the response factors listed in Table 3-1l for
1,2,3,7,8-PnCOF wnd 2,3,4,7,8-PnCDF agree very closely with one another throughout
the concentration range. This agreement i3 expected on theoretical grounds. On
the other hand, the response factors for 1,2,3,4,7,8-HxCOF and 2,3.4,6,7 ,8-MxCDF
differ from one arother by almost a factor of two. The reason for this is that
they were megsured 1n adjacent time windows, with significantly different dwell-
time characteristics. The 1,2,3,4,7,8-HxCOF and 1ts 1sotopic analog occur in the
second time window; although the 2,3,4,6,7,8-HxCDF isomer appesars in the third
window, 1ts response factor is st111 calculated with respect to the labeled HxCDF
in the second window. Thus, the response factor for the former 1s closer to the
theoretically expected value. According to the &natytice) scheme shown In

Table 2-1, the dwel) time for window 3 is 1.9] times greater than that for window
2, Thig ratio 1s sufficient to sccount fully for the apparent difference in i
response factors for the two MxCDF 1somers shown in Table 3-ll. In practice, this
differance between the two values 15 of no real conssquence since the baseline and
in-service samples were analyzed under the sime experimental conditions that were
used to gensrate the response factors.

Table 3-12 gives the average response factors for the compounds of interest over
the entire range of concentrations measured for each analyte., The overall
precision veries batween 3.7X and 6.5X for all compounds, except for OCOF for
which the relative standard deviation is 16.5%. Again, this reflects the fact
that this compound exhibited severs tatlling on the 5P.2330 column, thus decreasing
the signal levels attainable and the reproducibfility.

Regsponse Factor Verification Deta. [n order to verify the constancy of the

response factors with time, the standard solutions wers analyzed at regular
intervals throughout the study, and the response factors compared with the values

3-17 MONS 215454
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61-¢

Teble 3-11
RESPONSE FACTORS FOR PCDD/PCDF CALIBRATION COMPOUNDS (pege 2 of 2)

Responss Factors
eﬂzutruln o 2,3,0,80 2,308 1,2,5.0,8 23,078 1,2,3,4,78 234678 1234618 .
Vo Compouads  _TEDD 4 PacsF PaCiF HerCOF FinCOF [T ocoF
300 ag/et 0.07 1.08 1.2 2 ).0% .9 .22
.92 1,18 1.2 1.22 105 2.07 )12
-+ 'R} 1 120 1.09 2.08 1.27 0.18
1 e 1.20 1.2 1.08 2.08 1.2 0.20
o T 'R 113 114 214 "2 0.9
o.M
Mva® .9 1.04 1.21 1,20 1.10 2,08 1.2¢ 0.1
sb v.05 0.0¢ 0,02 o0.a3 0.0 0.08 0.02 0.03
0 (5 3.2 3.8 .7 2.8 34 At "7 16.0
- H H s 3 )
2,500 ag/m ..92 1.10 1.0 1,3 1.10 1.97 123
" 1.24 " .27 1 2.10 -
M et " 118 1.14 2.0 1.32
[ R -] 1,13 2% .10 .17 2.08 1.29
i 1 117 Nt 1,10 2.0 s 0.1
0,19
0.23
0.24
Ave® .. 1.6 1. 1.9 (%) ] 2.07 .27 on
so 8.03 0.08 0.0¢ 0.0% 0.03 0.0 0.03 0.0
"0 (5) 3.7 a3 5.3 4.6 2.9 2.7 2.3 12,4
. 3 s H s 3 s 5 4
® mesponse fector calculated with respect to '3C-1,2,3,4.7 8-tDF, i
® Mesponse tactor calculsted with t 1o 'Yc-000 (sasumsd '3C-OCOD Redian Corp., privets comswalcatios). Al

others caiculated with respect to ~lobeled anslogs.
€ Ave s average valus, S0 = atanderd deviation; MSD » rplattve standard devistion: & » auaber of duviations,
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Table 3-12

AVERAGE RESPONSE FACTORS OVER ENTIRE CONCENTRATION RANGE
FOR PCDD/PCOF CALIBRATION COMPOUNDS

Components ave. S0 RsB(®) o
2,3,7,8-TC00 0.94 0.06 6.5 25
2,3,7,8-TCOF 1.14 0.04 .7 28
1,2,3.7,8-PnCOF 1.17 0.06 4.9 25
2,3,4,7,8-PnCOF L1 0.05 4.1 25
1,2,3.4,7,8-HxCOF 1.10 0.05 4.9 28
2,3,4,6,7,8-HxCOF 2.02 0.12 5.8 28
1,2,3,4,6,7,8-HpCoF®  1.24 0.07 5.3 25
OCOF v+ 0.18 0.03 165 12

+ Response factor calculated with respect to
13C-1,2,3,4,7,8-4xC0F,

** Response factor calculated with respect to 13C-0CDD
{assumed 13C-0CD0 concentration = 300 ng/mL: Alan
Michols, Radian Corp., private comunication). A1l other
response factors calculated with respect to their
11C-1abeled analogs.

obtained during the calibration phase. The results are susmarized in Table 3-13
and may be compared with the average vilues mintioned dbove., At no time did the
values obtained in the verification experiments differ from the averiage response
factors by more than a few percentage points. This hlyﬁ degree of consistency
indicates that the GC/MS system remained very stable and reproducible in terms of
.s1gnal detectabiity and response throughout the study.

Rasaline Sewles

The three spiked baseline samples (Aroclor 1016, Aroclor 1260, end aged minersl
011) were axtracted and analyzed in triplicate, using the average response factors
given in Table 3-12. The results obtained are summarized in Tables 3-15 through
3-17. Each table 2130 shows the amounts of the various PCDFs and PCDOs that were

MONS 2154572
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Table 3-13
RESPOMSE FACTORS FROM VERIFICATION RUNS

Response

Factors from

Calipration

Components !EE:QS!QZEEZ
2,3,7,8-TCDD 0.94 0.06
2,3,7,8-TCDF 1.14 0.04
1,2,3,7,8-PnCDF 1.17 0.06
2.3,4,7,8-PnCOF 1.17 0.05
1,2,3,4,7,8-HxCOF 1.10 0.05
2,3,4,6,7,8-HxCDF 2.02 0.12
1,2,3,4,6,7 ,8-HpCOF* 1.24 0.07
OCDF e+ 0.18 0.03

Daily Response Factors per
Concentration of 12(
s L

0.8 092 KX L 0.86
1.09 l.1z2 L1 1.11 l.12
1.18 .19 L2 1.22 1.2
1.15 .19 1.2 l.21 l.18
1.10 1.0 L.1% 1.08 1.14
2.04 1.98 15 1.7  2.07
l.22 .18 1,28 1,27 1.26
0.17 0.15 0.9 0.23 0.14

. * Regponse factor calculated with respact to 13C-1,2,3,4,7,8-HxCOF.

*+ Regponse factor calculated with respect to 13C-OC0D (assumed 13C-OCDD
concentration = 300 ng/ml; Alan NMichols, Radian Corp., grivate

communication). All othar response
their 13C-1abeled anslogs.

factors calculated with respect to

NC = Not calculated due to interferences in 2,3,7,8-TCD.

spiked into the samples befors anidlysis, as well as the average measured values
and the detection )imits estimated using Eqs. 2-2 and 2-1.

Andlytical dath tiers, which identify data groups, have besn used to evaluate the
datd and compare the measured results with the spiked values. Specific analytes

that have been quantified using & spiked, labaled calibration standard of the same
isomeric compound are expected to have & higher inharent reliability and accuracy

than, say, the summed congener results.
Table 3-14,

The defined tiers are listed In

MONS 215458
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Table 3-14
ANALYTICAL DATA CONFIDENCE TIERS

Tier Description Example

1 Unambiguous; all 1somers 2,3,7,8-1C00
fully resolved, and iden- 0co0 -
tical labeled standard used

2 Compounds for which labeled 2,3,7,8-TCOF
1someric analogs used for 1,2,3,7,8-PnCOF
quantification; not fully
resolved

3 2,3,7,8-substituted compounds 2,3,4,6,7,8-HxCDF
for which no labeled analogs
are available

4 Summed congener classes A1) HxCOF

Aroclor 1016 (Radian 1.0. €729-53-02). Triplicate extractions and analyses of the
Aroclor 1016 baseline sample gave high levels of precision for almost a1l of the
compounds of interest, except 1,2,3,4,6,7,8-HpCDF (Table 3-15). Tha agreement
between the spiked and measyred concentrations for the Tier. 1l compound 2,3,7,8-
TCOD was excellent, and the agreement for the Tier 2 compounds was almost as good.
Overall, 1t 1s clear that the unspiked Aroclor 1016 fluid contained virtyelly no
Chlorinated furans, since the concentrations measured in this sample are
adequately explained in terms of the levels spiked in before amalysis,
Furthermore, the recCoveries obtained for the labeled analogs 130 support the view
that the Aroclor 1016 matrix 1s satisfactorily handled by our extraction and
enalysis procedures.

Arocior 1260 (Radian 1.D. €729-53-03). The Aroclor 1260 sample (Table 3-16)
showed significantly highar levels of PCOFs than were found for the Aroclor

1016. The same trend--increasing levels of PCOF contaminants with degres of
chlorination--was observed 1n the earlier Fhase ! analysis of these Aroclors. In
general, the reproducibility of the values 1s almost as good as was the case with
the less complex Aroclor 1016. One of the measursments of the Tier 1 compound
2,3,7,8-TCOD was based on the 13C-2,3,7,8-TCDF as the internal standard. This was
necessary bacause the 13C-2,3,7,8-TCOD pedks were unusable due to intarferences.
Nevertheless, the average measured concentration for 2,3,7,8-TC00 was in good
agresmant with the expected value. The average values obtained for the two Tier 2

MONS 215459
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Tad)e 3-15

PCDF /PCOD CONCENTRATIONS IN BASELINE SAMPLE: AROCLOR 1016
{Radian 1.D. E729-53-02]

Detection
PCOF /P00 ¢ H R0 Limit
Casponsnts rm—w—r—m—"é,‘_!g—:——w'g-.. : B ¢ 1] "0
PCOF /MCD0 -
Totel Tatra-LOF " &2 [ 1] [ X} 1 L}
Total Panta~COF m 30 I N2 2 '
Totei Mexa~COF 24 232 2 ™ 3 2
Total Mepta-LOF 593 "y 04 bl L ] x
Octa=COF 132 97 138 1 153 L ] 24
Tote! Tatre-00 3 ] 3 34 [} 2
Oc ta=COD 3.2
Compound
2,3.7,8=-Tatra=ClD 33 93 93 b2 ] " i 2 0.3
2,3,7,8=-Tatro=COF 33 " ” [ )] [ ]] t [ 0.7
2,3,4,8=-Totro=COF
1,2,3,7 ,0-Ponrp=COF * ) ] " 68 168 184 3 0.?
'l?ﬁ’u‘.."‘ﬂ'.‘a.
2,34, 7, 8-Ppnt o-L0F 159 L] 144 148 47 3 2
1,2,3,4,7, 0 Howa(DF 2 2 \ 2 2 ' i) 1.0
l.!.!.‘.?..-hn-a'
1,2,3,7.0, ttgua~CDF
'o’o’o‘;’a.mm 3 [ ] 1] o 2 2 2
2,3,4,8,7, b-tana~COF 132 160 "o 197 162 ? 4
1,2,3,8,0,7,0<Heptp=COF 7. | £ ) ) b ©04 ”n 108 n 2.9
Percont Recovery**
1iC-Labeind Compound
13C.2,3,7 ,0-TC0F " ) 100 »” 4 4
13Ca1,2.3,7 8-PC0F 103 ”» 100 ” 4 4
19C1,2,3,4,7, 0-4mCDF " n 1] n ? ’
1Jc-oc00 ™ i 42 “ n M

" taomers coslute on 3P=2330 columa,
't Pyccont recovery deternined from the responss of the LIC-iaternsl atanderss ve. 13¢-2,3,7.8-TCOD.
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Table 3-16

PCOF/PCDO CONCENTRATIONS IN BASELINE SAMPLE:

Components
PCDF /PCD0

Toral Tetro~CDF
Totai Penta=COF
Totsi Hexa=COF
Total Heate=COF
Octa~COF

Totel Tatro-CDO
Octa=CO0

Compound

2.3.1.8-Totra=Cl0
2,3,7,8-Tatra=COF
2,34 8-TatraCOF

3,1.8-Ponta=COF?
3,4, 8-Penta-COF?
8,7 . 8=Pente-COF
+4,7,.0=Henp-COF ¥

3
:gfr.l.m-m
e

3

B RN RN e e

03,4,0,7,8-Hepta-COF

11C-Lobeted Compound

130.2,3,7,8-T00F
13¢.1,2,3.7,0-P00F
13€1,2,3,4,7, 8-bueClF
1 3¢c-oco0

——

m
89
194
"m

b3l
»

tH

AROCLOR 1260
[Radian 1.0. £729-53-03]
Detaction
PCOF CO0 (na/g1 RS0 Lisie
ey Wr T ver. ¥ g___..'- I W B ) 1L )
1950 1647 1983 1993 " 3
. 217 1093 1141 [ ] L ]
2334 203 2242 2290 ) 2
1200 1072 0 1047 1718 7
b 31 »n0 199 m2 30 n 92
107er ” ” » ? ?
.
10700 ” ” ” L ? 0.3
[ 3] o008 " §M? » 4 1.1
28 b)) Fe 1 n? [} ) i ]
123 a4 ¥ 7] 3% 4 4 N
4 o ¥2 204 12 4
"? m "2 M 4 3.4
b ] i cl m 2 12 3
s 0 m %2 14 ]
w? m 44 507 62 12 2.0
Poccont Recoverytsd
NC ”» 101 ”
NC )] ° 3]
NC " 2 (1]
NC » 14 »

. " itsomers cosivte an $P-2330 cofumn,
0 Concontration cetculated xith respect to 10C.2,3,7,8-TC0F,
"0 Percant recovery GeTerningd 11UB the responss of the ! 3C-Iaternsl stendares va, '3C-2,3.7,8-TC00.
NC ® Not caiculetes éus 10 iaterterences in '30-2,3.7,8-T000.

3.24
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compounds, 2,3,7,8-TCOF and 1,2,3,7,8-PnCOF, however, were considerably higher
than the expected values. Although neither of these peaks was fully resolved from
neighboring isomers, 1t 1s more likely that this discrepancy was due to the
compounds present in Aroclor 1260 as contaminants. Examination of the values
obtained for the remaining compounds of interest, along with the tota) tetra-
through octa-COFs in Table 3-16, indicates that the same conclusion applies here
as well, Oespits the relative complexity of the Arcclor 1260 matrix, the
recoveries obtained for &1) of the labaled snalogs, axcept T¥C-0CDD, ware quite
satisfactory.

Mineral 01) (Redian 1.D. E729-53-01). The data in Table 3-17 for the aged miners)
oi1 sample show & high degree of repreducibility throughout, and excellent
agreement between measured and expected values for all compounds of interast.
This applies not only to the Tier 1| and 2 compounds but &lso to those in Tiers 3
and 4. The raason for this 1ies in the fact that the compounds spiked into the
minera]l oll were not subject to any interferences during the analysis because of o
total sbsence of PCOF contaminants from the sample. Although the measurad
pracision and accuracy were very good for the mineral ofl, the recoveries based on
the labeled PCOFs were much higher than expected, except for the 13(.2,3,7,.8-TCDF,
which was 64X. ue are unable to account for this discrepancy at present.

In-Service Samples

The seven samplas of diglectric fluids taken from in-sarvice transformers and
capacitors were axtracted and analyzed in triplicate in the same wiy as the three
baseline samples. The results obtained are discussed in the following sections,

Agsksre)l Losd Center Network Trangformer: Semple 41199-1]-11 (Battelle 1.0. ISL-
03-A). Sample 41159-11-11 was the same transformer fluid thet was analyzed in

Phase I as Sampla ISL-3-A. It consisted of 70% Aroclor 1260, 29%
trichlorobenzenes, and 1% tetrachlorobenzenes. The transformer had been in
servica for 31 years when the fluid was removed. The analytical results are shown
in Table 3-18,

A cursory examination of the dats shows that the precision obtained was somewhat
lower than for the three baseline samples. This presumsbly reflects the increase
tn complexity of tha sample matrix. Oespite this, the recoveries obtained for the
labeled compounds were generally satisfactory for the congener Classas messured,



Components
PCDF /DD

Tots! Tetra=COF
Tots! Penty-COF
Tots) Hens-COF
Totsl Hesta=COF
Octa=COF

Tota! Tetra=ClO
Octa=COD

LA=Totre=COD
A=Tetre-COF
T=-Totra=COF

+2.3,7 ,8-Pentp=COF ¢
+2,3,8, 8-Ponta=COF ¢
+3,4,7 8-Pent p=COF

4,7, 0-Hena=COF ®
4,7, 0-+gua=COF®
7

LIc sbaiet Cospouns

} ’5‘3.,o’.'-7w
13C-1,2,3,7,8-PC0F

A _
Table 3-17
PCOF /PCOD CONCENTRATIONS IN BASELINE SAMPLE: MINERAL OIL
(Radian 1.0, E729-33-01}
Detection
PCOF /P00 _(ng/a) RS0 Limit
B RLT WL BN RW W e
174 150 147 197 [} ] [ ]
o )] o 1) o m ’ 3
o “w2 487 "7 3 1
32 400 i e « 1"
"
bl 17 K] 21 4 7
10
Fe ] b1 1”7 n N 4 " .9
100 100 | F [ 1] ” 10 L1 3,0
100 T4 [ ] [ 3] ] [ )
150 3] 150 154 192 3 2 0.8
150 142 149 194 147 [] 4
%0 b r ] 280 kL) H 1 1.9
] 82 62 a2 62 -] [}
[k ] 168 a3 4% 163 3 2
0 2 00 m 34 o 1" 1,7
Percent Apcoverytd
) 4?7 " [ 1 L] 9
14 X2 21% 177 [} n
193 Mm 303 m 108 “
n 202 262 bl (1] ] )]

13-1,2,3,4,7 g-+ucOF
1 1¢-0C00

* 1somers cosiute on $P-2330 coluan,

** Paccont recovary Satarained 1ron the reeponss of the L IC-Interast eteadards va, 10-2,3,7,8-TCOD,

3-26
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PCDF /PCDD CONCENTRATIONS IN IN-SERVICE SAMPLE:

Table 3-18

LOAD CENTER NETWORK TRANSFORMER ASKAREL

(Sample 41159-11-11; Batteile 1.0. ISL-03-A]

Component §
PCOF /PCDD

Total Tetrs-COF
Total Penta-COF
Total Hexa-CDF
Total Hepta-.COF
Octa-COF

Total Tetra-CDD
Octa-COD

Compound

v3.7,8-Tetra-CDD
v3.7.8-Tetra-COF
»3,4,8-Tetra-COF

0203 7,8-Panta.COF*
oz|3|‘.. Penta-COF*
+3,4,7,8-Penta-COF

.2.3.‘.7.‘-“0!!-@"
003,47 .9-Hlll-CDF'
+2,3,7,0,9-Hexa-COF
|203|6o +B-Hexa-COF
%
e

.‘ 5.7 . HCIQOCDF

2
2
2
1
1
2
1
1
1
1
2
1,2,3,4,6,7 .O-Hevtt-CDF

- 13C.Labeled Compound

13€-2,3,7,8-TCOF
13C-1,2,3,7,8-PCOF
13-1,2,3,4,7,8.HxCOF
1¢.0C00

Detection

PCOF /PCDO (;ﬂgl RSD  Uimit

Oet. T Det. Z Det. ve. & (n/9)
103 99 LY 96 8 9
1601 1911 1649 1720 167 10
5449 6789 7194 6477 913 14
7035 7798 10095 8309 1593 19

29722 33265 46148 36378 8644 24 60

17 20 15 17 3 15 5

o.s

26 10 9 15 16 64 0.5
29 16 18 21 P &

8s? 984 926 926 59 L] 1
118 108 112 nm 1 ¢

30 3953 4086 3723 s18 14 )\
401 545 595 514 101 20
87 67 83 % 1 1B

212 3925 4609 915 699 18 1

Percent Rpcovery**

85 89 100 91 8 9
124 129 106 120 12 10
136 127 90 118 24 21
91 16 69 ”»n 11 14

* [somers coalute on SP-2330 colymn.
** Percant recovery determined from the response of the !)C-internal standards

's- 1’0'-2 ”7 .-Tm

-7
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In general, the levels of PCOFs measured here wers relatively high and, except for
OCOF, were in quite good agresment with the amounts found in the Aroclor 1260
baseline sample and in the ISL-3-A sumple analyzed in Phase [. This lends added
support to an earlier comment that most of the PCOFs observed in such in-service
samples may be accounted for in terms of the PCOFs present as contaminants in the
original Aroclor,

The differences between the two OCOF concentrations in Phase I and- Phase 11 can be
explained largely in terms of the response factors used to calculate the
concentrations. In Phase [, the OCDF/13C-0CD0 response factor was calculated from
the “Rappe Cocktail." Howsver, some of the response factors determined from this
mixture were suspect due to the manner in which the mixture had been prepsred for
transport and distribution to the participating laboratories, The Phase i}
calibration standards, which contained well-defined amounts of OCOF, ylelded an
OCOF/13C-0CD0 response factor roughly one-fifth that obtained from the “Rappe
‘Cocktail,” The high detection 1imit 1isted for this compound and OCDD, however,
13 in large measure due to the poor chromatographic behavior of these compounds on
the capillary column used in these analyses, and may account to some extent for
the differences noted,

Kare) Center Network Trangformer: Semple 41159-11-12 (Battelle 1.0. ISL-
08-A). Sample 41159-11-12 was taken from & 'oad center network transformer that
had begen 1n service for 28 years, and contained 67% Aroclor 1260, 30%
trichlorobenzenes, and 2% tetrachlorobenzenes. Intpection of the fluld at the
tise that the sasple was taken indicated the presence of carbon throughout the
askare!l,

Generally, the precision attained in the triplicate analysis of this sample was
relatively high, and was significantly better than that obtained for the previous
sampie (Tadle 3-19).

Although this sample sppeared to share most of the major Characteristics of Sample
41159-11-11, the levels of most of the PCOFs of interest were somewhat lower.

This may be dus to the presence of the carbon partigles sentioned above, which may
have acted as &n absorbent and thus reduced the meesurable amount of the PCDFs in
the extracteble portion of the fluid. As 1n the previous case, the recoveries
seasured in terms of the labeled compounds were very good and do not indicate
urusyal matrix effects,
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Table 3-19

PCOF /PCDD CONCENTRATIONS IN IN-SERVICE SAMPLE:
LOAD CENTER METWORK TRANSFORMER ASKAREL
[Sample Mo. 41159-11-12; Battelle [.0. ISL-08-A|

Detection
Limit
Components ine/9)
PCOF/PCDD
Total Tetra-COF 136 12§ 128 129 6 5
Total Penta-COF 39 19 309 326 13 §
Total Hexa-COF 9% 1002 1002 981 3 4
Total Hepta-COF 1511 1504 2106 1707 36 20
Octa-COF 7617 7702 9475 8265 1049 12 66
Total Tetra-CDO
Octa-C0D 22 17 20 3 16 ?
Compound
2,3,7,8-Tetra-C0D 1
2.,3,7,8-Tetra-COF n ki 27 b4 ] 31 1 0.5
2,3,4,8-Tetra-COF 10 13 14 12 2 17
1,2,3,7,8-Penta-CDF* 110 11§ 121 1185 [ § 1
1,2,3,4,8-Penta-COF*
2,3,4,7,8-Panta-COF 43 49 51 48 § 10
1,2,3,4,7,8-Hexa-COF* 501 549 571 540 36 7 1
1,2,3,4,7,9-Hexa-COF*
1,2,3,7,9,9-Hexa-CDF
1,2;3,6,7,8-Hexa-COF 80 87 79 82 4 §
1,2,3,4,6,7,8- 569 563 172 635 119 19 2
Hepta-COF
Percent Recovery**
13C-Labeled Compound
130.2,3,7 ,8.TCOF 80 91 106 92 13 14
1C-1,2,3,7,8-PCOF 127 110 113 117 9 8
13C-1,2,3,4,7,8-HxCOF 109 91 116 105 13 12
13C-0C00 57 46 101 = &8 29 43

Y

* Isomers coslyte on SP-2330 column.

** Percgnt recovery determined from the response of the 17C-internal standards
v$, +1(C-2,3.7,8-TC00.
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Capacitor: Semple 41159-11-13 (Battelle I.D. ISL.27-A). Sample 41156-11-13 was
taken from a capacitor, the composition and age of which were unknown, The
results of the analysis of this sample are susmarized in Table 3-20. The results
indicate much lower levals faor the PCOFs of interest than found in the previous
two askars) transformer fluids. As noted earlier, poor chromatographic behavior
in the time window corresponding to 0COD and OCOF resulted in much higher detec.
tion limits for these compounds than for the remaining compourmis of interest. In
this context, 1t 1s interesting to note that, although a4 peak was observed for
0COD, the value reported in the table 1s just below the estimated detection 1imit,
and thus should probably be ignored. Once again, the recoveries estimated from
the labeled compounds were quite satisfactory, and suggest that the sample matrix
wis compatible with our extraction method,

Precipitator Transformer: Sample 41159-11-14 (Battelle I.D. ISL-17-A). Sumple

41159-11-14 was taken from a 27-year-0ld 50 KVA precipitator transformer. The
analytica) results obtained are 1isted in Table 3-21. For this sample, the
precision attained was generally of the same order as was seen for the three
baseline samples. Concentrations of the PCOFs of interest in this sample were
highast for the penta- and hexa-CDFs in contrast to the previovs Aroclor 1260-
containing in-service samples (41159-11-11 and 41159-11-12), 1n which the maxima
for the total-COFs were “skewad® towards the hepta- and octa-CDFS.

Sample 41159-11-14 a)so showed & value for OCDD that was approximately equal to
the estimated detection Vimit. As in the previous case, this indicates thit the
neasured valua for this compound should be disregarded. Once again, the
recoveries calculated from the 12C-labeled analogs wers not exceptionally high in
this sample,

Mineral D) Arc Furnace Trgnsforwer; Sample 41159-11-15 (Battelle 1.D. ISL-

23-0). Sample 41159-11-15 was a minera) o) drawn from an arc furnace transformer
that had undergone heavy electrica) sarvice for eight years. According to the
data in Table 3-22, the sample was essentially free of 411 PCDF and PCOD
components, gxcept for smal) amounts of HpCDF (including 1,2,3,4,6,7,8-HpCOF) and
0C0D. Becauss of the vary low levals encountered, the reproducibility of the data
was quite poor. The everage recoveries obtained for the 13C-labeled analogs
varied between 69% and 209%, indicating an unusua) matrix effect for this sempie.

MONS 2154672
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Tablt 3-20

PCOF/PCO0 CONCENTRATIONS IN IN-SERVICE SAMPLE: CAPACITOR AROCLOR
{Sample No. 41159-11-13; Battelle 1.0, ISL-27-A]

Oetection
PCOF/PCOD (n RSD Limit
Component s Get. T Uet, Z Det, 3 *ve. S (%) (ng/9)
PCOF/PCOD -
Total Tetra-COF §72 473 461 502 §1 12
Total Penta-COF 276 253 222 50 2?7 11
Total Hexa-COF 54 52 83 63 17 28
Total Hepta-COF 17 15 30 2l g8 ¥
Octa-CDF 42
Total Tetra-cOD
Octa-COD 9 8 8 8 1 ? 10
Compoundg
2,3,7,8-Tetra-C00 0.5
2,3,7,8-Tetra-COF 27 27 28 27 1 K] 1
2,3, l.a-Tetra-COF 78 72 80 m” 4 5
1,2,3,7,8-Pente-COF* 23 22 20 22 2 ? 0.5
1.2 |3|‘ .a-P!ntl'-CnF'
,3,4,7,8-Penta-CDF 63 59 67 63 4 [
1,2,3,4,7,8-Hexa-COF+ 19 18 27 21 5 23 1
l .2.3.4.7.9-|‘GII-CDF‘
1,2,3,7,8,9-Hexa-COF
1,2,3,6,7,8-Hexa-COF [ ? 10 8 2 2
2,3,4,6,7,8-Hexa-COF k| k1 5 4 1 1
1,2,3,4,6,7,8-Hepta-CDF 9 7 13 10 I 3 1
Percent Recoveryt**
L3C-Labaled Compound
13(-2,3,7,8-TC0F 85 85 88 86 2 b
13C-1,2,3,7,.8-PCOF 117 132 121 123 8 6
130-1,2,3 4.7.8-HxCDF 138 141 106 128 19 1s
13C. DCD 132 104 88 108 2 21

-
S —

* lsomars coalute on SP-2330 column,

** Percent recovery determined from the response of the !3C.interna) standards
VS. I’C‘z 3 7.3-":00.
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PCOF/PCDD CONCENTRATIONS IN IN-SERVICE SAMPLE:
PRECIPITATOR TRANSFORMER AROCLOR

Table 3-21

[Sample No. 41159-11-14; Battelle [.D. ISL-17-A}

Components
PCOF /PCDD

Total Tetra-COf
Total Penta-COF
Total Hexa-COF

Total Hepta-COF
Octa-COF

Tota! Tetra-COD
Octa-CDD

o7 BeTetra-COD
o7 B-Tetra-COF
+4,8-Tetra-COF

o7 B-Penta-COFt
+8-Penta-COF*
+B-Penta-COF

+7 ,8-Hexa-COF*
o7 J9-Hexa-COF*
.a.9-ﬂell-CDF
L]

7,8-Hexa-CDF

4
?
4
4
?
§
[ 7.8-NexI-CUF

L

3C-Labeled Compound

3C.2,3,7,8-TCOF
13C-1,2,3,7,8-PCOF
3C-1,2,3,4,7,8-KxCOF
13C-0C00

Shitor————"

Detection
PCOF /PCDD RSD Limit
Pet. T~ Det. ¢ . Ve, (X3 {m/q)

970 617 576 nt 27 »
9236 6589 6002 1218 1723 24
10598 9918 10666 10394 414 4
1725 2196 2254 2050 290 14

293 5§26 374 431 17¢ &0 37

8 13 5 9 4 47 8

0.5

151 132 14] 141 10 7 |
146 116 141 134 16 12

1115 1039 1023 1059 a9 5 1
1772 1584 1726 1694 9 [

3802 711 ns 3763 '} 1 2
174 187 213 198 il 16
119§ 1186 1137 1162 30 3
k¥ 472 509 456 63 14

128 905 B84 L ¥ 9 12 1

Percent Recovery**

101 ] 103 94 13 14
110 183 133 142 37 2
11§ 230 102 149 70 a7
77 218 9l 89 66

13§

* [somers coelute on $P-2330 column.
** Percent recovery determined from the response of the ‘3C-internal standards

vs. l,c'2|3.7.a'rcwn

312
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Table 3-22

PCOF/PCDD CONCENTRATIONS 1N IN-SERVICE SAMPLE:
ARC FURNACE TRANSFORMER MINERAL OiL
[Sample No. 41159-11-15; gattelle [.D. [SL-23-0]

Ortection
PCDF/PCOD 50 Liatlt

Components bet. 1 let. 2 Ave, - 8)  (m/g)
PCDF /PCOD
Total Tetra-CDF
Total Penta-COF 16
Total Hexa-COF
Total Hepta-COF 13 5 9 § 54
Octa-COF k]|
Total Tetra-CPD
Octa-C00 13 10 8 10 k1 | ]
Compound
2,3,7,8-Tetra-CDO 1
Z 1317 .B-Tlt‘rl-CDF 3
243,4,8-Tetra-COF
1,2,3,7,8-Penta-CDF? 0.5
1,2,3,4,8-Penta-CDF*
2,3,4,7,8-Panta-COF . ?
1,2,3,4,7,8-Hexa-COF* 1
1,2,3,4,7 ,9-Hexs-COF*
l.z.JJ.a.’-Hell-CDF
1,2,3,6,7,8-Hexa-COF
2.3.‘.5.7..-"‘!‘-C0f
1,2,3,4,6,7,8-Hepta-COF 5 2 4 2 52 0.5

Percent Recovery**

13C-Labeled Compound
13C-2,3,7,8-TCOF T2 68 &7 & k| 4
43C-1,2,3,7.8-PCOF 137 217 24 209 8 1
13C-1,2,3,4,7,8-HxCOF 182 199 265 208 81 28
13C-0C00 109 127 176 137 s 2

* 1somers coelute on $P-2330 column.

** Percent recovery determined from the response of the .!C-lInternsl standards
v‘. “C°2o3.7.a-TCW-
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Substation Distribution Transforwer: Sample 41159-11-16 (Battelle [.D. ISL-

4-0). Sample 41159-11-16 was taken from a substation distribution transformer
that contained 100 ppm of either Aroclor 1254 or Aroclor 1260, and had undergone
major arcing and in-service failure. The results obtained from the triplicate
extraction and andlysis of this sample are summarized in Table 3.23. The data in
the table show relatively large coefficlents of variance for almost a1l compounds
of interest. The reasons for this lack of reproducibility are not clear, and
suggest that the concentrations obtained for this sample should be treated with
some caution, Recoveries here, measured in terms of the labeled aﬁaloqs. also
vary widely, suggesting that the analysis of this matrix was not as successful as
some of the other samples discussed eariier,

Askare) Logd Center Metwork Transformer: Sample 41159-11-17 (Battelle I.D. ISL-
2-R), This was the same sample that was analyzed in Phase ! as [SL-2-A, and was
taken from a transformer that had been in service for 20 years and contained
typical proportions of Aroclor 1260 and tri./tetrachlorobenzenes. The results
obtained are shown in Table 3-24 and may be compared with the results obtained
aariier {Table 3-9). In general, agreement is very good except in the case of
0OCOF., The discrepancy betwesn the Phase [ and Phase [! OCOF concentrations can
again be explained by the response factors used to cdlculate the concentrations
{see earlier discussion)., Overall, the precision attained in the most recent
measurement was quite satisfactory, as were the megsured recoveries across the
congener range.
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PCOF /PCDO CONCENTRATIONS IN IN-SERVICE SAMPLE:

Table 3-23

SUBSTATION DISTRIBUTION TRANSFORMER 011

[Sample Mo, 41159-11-16: Battelle 1.D. ISL-4-0}

Gomponent$
PCDF /PCOD

Total Tetra-COF
Total Pents-COF
Total Hexa-COF
Total Hepta-CDF
Octa-COF

Total Tetra-CDD
Octa-COD

Compound

2,3,7,8.Tetrs-COD
2,3,7,8-Tetra-CDF

2,3,4,8-Tetrg-CDF
1,2,3,7,8-Penta-(DF*
1,2,3,4,8-Penta-COF*
2,31,4,7,8-Penta-COF
l|2| 3.‘.7.8-HQII-COF'
1.2. 3.‘.7.9'”’“.'CDF.
1!2 |3.7 .a|9’mx.’c°$

1 -Z '3 .6.7.3-HQII°CDF
2,3,4,6,7,8-Hexa-CDF
l'2|3.‘|6|7|a.H.pt..cDF

13C-Labeled Compound

+3(-2,3,7,8-TCOF
15¢-1,2,3,7,8-PCOF
13C-1,2,3,4,7,8-HxCOF
11¢-0C00

PCD

F/PC0D

%)
358 87 21§ 220 136 62
619 191 k13 97 214 54

114 33 62 n a4 5

25 A 28 25 I 10

2 19 40 4 27 &l
111 29 65 68 41 60
rLk} 65 144 151 8 5

15 4 8 9 6 62

87 2] 46 51 33 65

32 11 19 2l 11 8l

43 15 23 7 14 85

Percent Recovery**

48 68 7 3 13 21
228 212 196 212 16 8
260 125§ 165 183 & 38
182 87 90 120 54 45

* lsomars coelute on SP-2330 column.
** Percent recovery datermined from the response of the !JC.internal

vs. L ’C-ZJ |7 .a-TCW.

MONS
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LOAD CENTER NETWORK TRANSFORMER ASKAREL
[Sample No. 41159-11-17; Battelle [.0. [SL-02-A]

Components
PLOF /PCOD

Total Tetra-COF
Total Penta-COF
Tota) Hexa-COF
Total Hepta-COF
Octa-CoF

Tota! Tetra-COD
Octa-C0D

Compound

2,3,7,8-Tetra-C00
v3,7,8-Tetra-COF

v3,4,8-Tetra-COF

«7 B-Pente-COF?

+4,8-Penta-COFr

sl

7
4
k|
k|
4,7 ,8-Penta-CDF

- = e

JB-rexa-COF?
9-Haxa-COfF*
9-Hexa-COF
8-Hexa-COF
B-Hexa-COF

13C-Labeled Compound
19€-2,3,7,8-TCOF
13C-1,2,3,7,8-PCOF
13C-1,2,3,4,7,8-MxCOF
c.oCo0 -

————

Table 3-24
PCOF/PCOD COMCENTRATIONS [N IN-SERYICE SAMPLE:

PCOF /PCO0 (nq/q) /50
Det, 1 Det, 7 et. 3 Ave, S0 (%)
431 144 278 35 78 22
1221 B8? 810 973 218 22
2311 2006 1745 2021 28) 14
1912 21 1430 1872 423 23
6046 5844 5801 6231 s47 9

22 23 13 19 & 28
10¢ 103 71 92 18 20

50 9 27 39 12 30
320 292 37 283 42 15
180 176 139 165 23 14

1218 1131 920 1090 153 14

119 118 118 118 2 2

74 81 L1 10 13 19

1095 1270 176 1047 250 24
Percent Recovery**

99 19 17 85 12 14
115 138 120 124 12 10
110 &) 98 116 21 18

27 124 53 8’ 34 3

* [somers coelute on $P-2330 column,
** Percent recovery detersined from the response of the :i(-interna) standards

vs, 13(0.2,3,7,8-TCDD,

3.3
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Section 4
CONCLUS {ONS

The method that we have developed for the sensitive and Compound-specific measure-
ment of PCOFs and PCODS ‘n PCB-contaminated dielectric fluids Mas proven to be
reliable when applied to a4 variety of matrices and over 1 wide range of concentra-
tions. The study was designed to characterize the PCDF/PCDO content of the
samples, and to assess the precision and accuracy of the procedure under carefully
controlled experimental conditions. As the sample matrix incredases in complexity,
there 1s a concomitant decrease in the overal) precision attainable. Furthermore,
the precision obtained for the Individual isomers is generally significantly
better than for the total congener classes.

The results obtained for the baseline Aroclor samples show & strong increate in
PCOF content as the weight percent of chlorine in the formulation increases.

Thus, Aroclor 1016 gives no measurable levels of PCDF, whereas Aroclor 1260 shows
significant concentrations, especiaily for the higher congener classes. Some of
the Aroclor }260-containing in-service samples also have significant levels of
PCDF contaminants, but it 1s difficult to establish a strong correlation because
the composition of several of the in-service fluids is not known with any degree
of certainty. Neverthaless, in some instances, it appears that the concentrations
of PCOFs in the in-servica fluids may be explained in terms of the levels present
in the original Aroclor 1260 fluid.

If this observation 1s generally valid, 1t suggests that askarels that have been
in use in electrica) equipmant do not contain higher levels of PCOFs than urused
fluids. Rather, the PCDFs presant may be due to the original synthesis technigues
used to manufacture the askarels. Although the data generated in the current
study provide some indications that this may be the case, we do not have enough
information to draw definitive conclusions. Further work 1s clearly needed. This
should focus on characterizing the PCOF composition of several more PCB-
contaminated electric fluids taken from in.service sguipment, as well as unused
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higher-chlorinated Aroclors, such as Aroclor 1254 and 1260, as a function of age.
Once this Information 1s avaflable, 1t may be possible to estimate the level of

PCOF contamination 1n electrical utility equipment on the basis Of known composi-
tion gnd usage without the need to perform analyses on individual units each time.
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Appendix A

SELECTED ION CURRENT PROFILES FOR CALIBRATION SOLUTION £729-55.05
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2=y

SSX>
ANALYSIS NAME: DREO:' 003, 033JEPST4010.MIS» 1

VO3.@ KWINDOW: |1

TITLE: EPRI STD #4—-130PGULEXS-83;:2UL SL;SP2330; 632300, 130-M 8,

OPERATOR: CYTM:H1=3200. H2u3167 ., i3=3730, N4=3730 SPC: S
SAPLE 1D DATE: 28-JAN-06 15144 :02
COMMISSION: MASSFENU=EPRIPE.MI'N: 2
500 13¢_2378-1con [\ 4306 mass:
13 MASS « 1
200 ¢-2378-TC00 kuo |
200 MASS .98
ped 2378-1co0  f 1186
400 .
200 237R-TCPD A 942
1000 13
it c-2378-TcoF || 5944
500+ 13, -2378-TeoF
200 2378-TCOF
.
1001 2378-TCOF
14:00 16:09 1900

figure Al. Selected lon current profiles for masses corresponding to PCOF and PCDD labeled
and native compounds present in calibration solution E729-55-05. Concentration of labeled
compounds. = 500 ng/ml each; concentration of untabeled compounds = 150 ng/ml each. Peaks
of interest and wmeasured peak areas (in arbitrary units) are indicated on the plots.

MONS 215479



£y

SSX>

ANALYSIS NAME ' DROD:IDO3, CIXIEPST4910,.M18) 1 VB3.0 WIMDOW: 1
TITLE: EPRI STO $4-190PGUL/ES5-03; 2N 8L)SP2330; 832500, 150/M; 1 . KV
CPERATOR: CYTH:HI=J200, H2=3167, 33730, N4=37350 9PC: S
SAHPLE 10 DATE: 20~-JAN-06 135:44:Q2

COMMISSION® MAGEMENUEPRIFE.MIO2

123768-PnCOF L 482

12378-PnCOF L 936

14:00 16:00 10:00 = 20:00 22:9 2409

+ Figure Al. (continued)
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v

S8X>
ANALYSIS MAME+ DRO9: L0023, SXYIEPST4010.M13) 1 VO3. 8 WINDOW: 2
TITLE: EPRI STD #4-100PG-UL;E33-835, 2L SL;SP2338)83-238D, 130-M: 1 . 9KV

OPERATOR: CYTM:H1a3208, H2=3167, H3=3730, 43730 SPC: )
SAMPLE 1D+ DATE: 20-JAN-86 1544 02
COMYISSION: MASSHENU=EPRIPE .MMN) 2
10 )
‘d [
27
[ 4
el __ I WASST 35S 508
1
s- ——
1.0
°.%
108 23478-PnCDF ,\ms S 339.508
100" oS :
=p- 2:470-pncoF [\ 932 ' 37500
e —————
49 WES: | 274.900 |
2
e \E AR SE AAASSE RARLLE AARA BE BARE S S e S8 i B Ba Ba S s B

26:00 27:00 20'00 29:00 39:00 31:00 32:00 33:00 3"“ 33:00

Figure Al, (contirwed)
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S8X>
ANALYSIS MAME: DROO: (003,833 JEPST4010.M1S:1

Vo3.0 WINDOW: 2

TITLE:' EPRI STD #4-130PC/UL)ES3-03;2UL SL)SP2338;8%-2380, 130-M; 1.9V

OPERATOR: CYTM: N1=3200, M2u3167, H3=3738, He4=3730

SPC: 3

SAMPLE 10: DATE: 2B-JAN-06 15:44:02

COMMISSION: PASSMENU=EPRIPE.MN; 2

19

MASS 391 .800

100

MASS « 389. 900

299 13¢_123478-1xcor ]\ 2354
100"
200

B¢ 123478-mxcor  J\ 3071

123470-HxCOF 956

"26'08 27:00 28:00 29:00 39:00 3108 32:00 I3:00 3408 I5:00

Figure Al. (continued)

123478-HxCOF ‘ 756

MWE5:  373.900

MASS:. 310.660
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9=y

SSX>

ANALYSIS NAME' DRO0:L[003,e33JEPST4010.MIS: 1 V3.0 WINDOW: 3
TITLE: EPRI STD #4-130PG/UL;EJS~03: 20 SL;SP2330:83-2300. 1301 1 . 9V

OPERATOR: CYTH:H1a3200, N2=3167, H3=3730, H4=3730 SPC: s
SAMPLE 10: DATE: 20~JAN-86 15:44:02
COMMISSION: MASSMENUSEPRIPE.MN;2

2

2

%o ;gomn-upcor MASS:  4@5.780
=0 1234678-HpCDF MASS: 407,760

10m

44

2

4

199]  2u670-mcor f 145 MASS:  375.800
1: 234678-MxCOF N 1767 WSS 373.000 |

]

36100 I8:00 40:00 4200 44:00 46:00 40:00 J0:00 J2:00 34:'00 56:00

Figure Al. {continued}
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Ly

SO
ANALYSIS NAME: DROD: 0003, 0XIIEPST4010.MIS; 1 UVO3.0 NWINDOW: 4

TITLE: EPR] STD $4-100PGCULESS~83; 200 SL;SP2330; 83-2300, 1301 1 . 9KV
-]

OPERATOR: CYTM:H1=3200, K2=3167, K3=3730, H4=3750 SPC:
SAFPLE 10: DATE: 20~JAN-86 135:44:62

COMMISSION: MASSMENUSEPRIPE.MMN; 2

L B AERE RA AR AS AL A EE i Sd Ss B Bud B S SAE

" S7:08 98:08 T9.00 G000 61:00 62:00 63:080 64:08 63:00 660

v v v w L ae

Figure Al. (continued)
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g-v

SSX: PLIST OF DRO0:CBA3,63IJEPST4810 .PEC: 1
MR 31 B6 13:58:30 VERSION UV05.0 PAGE 1

CONC. = 1.7303E-01 X AREA + 2. .3824E+a2
R~2 UVALUE FOR AREA = 3 JB41E-01

CONC. = 7 76B6E-01 X HEIWHT + 3 .TU8UE+&2
R~2 UALUE FOR HEIGHT = <4 0603E-81

TIME SOURCE~

CENTRDID ARER HEIGHT AREA CONC. HT. CONC. TYPE
3. 5000 22:' 38 1.3904E+03 212 3.0000E+82 3.0000E«02 K
303 . 5000 22'38 2.0464E+63 293 3.0000E+82 3I.000E+a2 KA
313.9000 22:37 4 .0804E3 336 1.000CE+63 1 .000E+A3 KA
317 .9000 22°'37 3.9439E+83 1132 1.0000E+@3 1.0000E+Q3 K
319.95000 19027 9.4203E402 202 3.0000ES2 3. 0DUEEse2 K
321 .9000 19:27 1.1833E+@3 46 3.0000C+02 3.0000E+02 KM
331.9000 19:27 3.4102E+@3 442 1.0000E+03 1.0000E+93 KA
333 .5000 19:27 4. 30646493 1.000CE+93 1 .O00RE+3 KA
337 .9000 23135 9. IGE+82 134 3.0000E+82 3.0000E+02 K
337 .9000 2937 9. .3237e82 106 J3.0000E+@2 3. 000CE+R2 K
339.9000 23114 1 .4819E+93 206 3.0000E+02 3.0000E+02 KA
339.9000 29:37 1.4860E+03 1724 3.0000E+@2 3.0000C+2 KA
349. 9000 £3'13 2.7277e+93 432 1.0000E+@3 1.000CE+03 K
331 .5000 23:13 4.03E+a3 661 1.0000E+03 1.000BE+03 KA
373.9000 28:34 9 IJEVEIA2 163 3.0000E+02 3.0000E+2 KA
373.0000 40:080 3. 128 3.0000E+02 3, 0000E+02 KA
373.0000 28:34 7. JGA4E: 79 3.0000E+02 3. 000CE+2 Km
373 . 9000 40:00 1 .4539E+03 163 3 O0DOE+E2 3. G000E+02 KA
383 . 6600 28:34 3. .07135+03 361 1.0000E+03 1.0000E+03 Km
367 .0600 28:34 2.354284+03 28] 1.000CE+Q3 1 GDRRE+E3 KM

figure A2, Computer-generated sumsary report of pesks selected and weasured In sample flle
EPSTA010.MIS;] (Figure Al) from calibration solution €729-55.05. Peaks are listed in order
of increasing mass, and are marked either "K/MM® or "U/MM*, where K indicCetes peaks of
known concentration (standerds), U indicates pesks of unknown Concentration, and MM shows
that the peaks were warually selected for processing.
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VERSION V93.0

13:38:38
TIME

PLIST OF DROO:LBO3, 03XIEPST4010.PEC,1
MASS CENTROID

SSX!
MR 31 86

SEEESS
Yy

13344

LT It

LR RE

3359
Lk

osh@) vt
ol ot
Ne83s

il
THIE

{contined)

Figure A2,

552 PLIST PROCESSING COMPLETE Sk

sS



Appendix B -
CALIBRATION CURVES
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LOG PEAK AREA RATIO (12C/130)

2378-TCOD/13C-2378-1CDJ /

YOATID « -2.884 + £.984eX
R SOLUARED = & 9001

1 2 ? | 4
106 CONC

Figure 81. Calibration Curve for 2,3,7,B-TCOD with Respect to '>C.2.3,7.8-TCDD
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LOG PEAK AREA RATIO (12C/130)

2378-TCDF /13C-2378-TCDF

YRATIO) = ~2.053 + 1,084+X

5
L / L ] L | ]
! 1 2 4
LOG CONC
Figure B82. Calibration Curve for 2,3,7,8-TCOF with Respect to '3C-2.3,7,.B-TCDF
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LOG PEAK AREA RATIO (12C/130)

1 -
12378-PnCOF /13C-12378-PnCOF
- YRATIO) « -2.648 + 1. B84eX
R SOUNRED = & 9904
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Figure B3. Caltbration Curve for 1,2,3,7 8-PnCOF with Respect to 3¢.1,2,3.7.8-PnCDF
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LOG PEAK AREA RATIO (12C/130)

-
23478-PnCDF/13C-12378-PnCDF
B YRATID) = -2.648 + 1. G@seX
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L n=25
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Figure BA. Calibration Curve for 2,3,4,7,B-PnCDF with Respect to 13¢.1,2,3,7.8-PnCOF

Srmesstecavomacin wiln Respect 10 '(C-1,2,3,4,7,8-HxCOF
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LOG PEAK AREA RATIO (12C/13C)

123478-HxCDF /13C-123478-HxCDF

YRATIOD = -2, 082 + 1. SB0vY
R SOUARED = 4. 000S
n=2%

Figure 85.

1 2 3
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Calibration Curve for 1,2,3,4,7,8-HxCOF with Respect to '3C-1,2,3,4,7,8-HxCDF
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LOG PEAK AREA RATIO (12C/130)

- 234678-HxCOF /13C-123478-HxCOF

YERATIO) = -2.308 + 1. BRDsY

- R SEWRED = & 9082
ne 2
|
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Figure B6. Calibration Curve.for 2,3,4,7,8-HxCDF with Respect to '3C-1,2,3.4,7,8-HxCDF
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LOG PEAK AREA RATID (12C/130)

1234678-HpCOF /13C-123478-HxCOF
- YOUTIO) = -2.028 + L.BBIeX
R SUARED - A 9904

s ¢ ne

-z ,
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Figure 87, Calibration Curve for 1,2,3,4,6,7,8-MpCDF with Respect to '3C-1,2,3,4,7,8-HeCDF
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LOG PEAK AREA RATIO (12C/130)

-~
1234678-HpCOF /13C-0C0D
YRATIO = -2.311 'PI.IIS'! ’/
® SUUNRED = &.9977
ne 23
1 2 3 4
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Figure B8. Calibration Curve for 1,2,3,4,6,7,8-HpCOF with Respect to *3C-OCDO
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LOG PEAK AREA RATIO (12C/130)
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Figure B9, Calibration Curve for OCOF with Respect to '3C-0CDD
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