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Introduction

Polychlorinated biphenyls (PCBs) are among the neutral organic industrial chemicals mos
commonly of concern as environmental contamifaf€Bs are persistent, and have the potential for
harmful biological effects. Although there are 209 possible PCB configurations (congeners), perhaj
half that number accounts for nearly all of the environmental contamination attributable to PCBs. St
fewer congeners are both prevalent and either demonstrably or potentially toxic. The mo:
consequential of these have the ability to induce aryl hydrocarbon metabolizing mixed-functiol
oxidase (MFOs).

While PCBs are industrial chemicals, their applications and usage mainly centered for electric
appliances such as electrical transformers, capacitors, insulating properties and thermal oil. Therefc
PCBs are major source of environmental contamination from electrical transformers in many parts
the world. Mainly in some countries, transformer oils are one of the major routes of PCBs exposure t
the environment rather than industrial soéfc€hemical decomposition method was approved to treat
PCB contaminated oils. Furthermore, chemical decomposition of PCB leads biphenyl and lowe
chlorinated PCBs.

In order to understand the contribution of PCBs by transformer oils, we determined PCBs i
transformer oil and chemically degraded transformer oil by isotope dilution method using HRGC/MS
For the quality assurance, the study was undertaken from 3 laboratories.

Materials and Methods

Standards, Transformer Oil and Analysis

In general, commercial standards were not mixed and available individually and or mixture of fev
congeners. Very recently, commercially available native and isotope labeled individual PCB standa
mixtures (from mono- through deca- chlorobiphenyls) was developed by Wellington Laboratories ¢
Canada. Patrticularly, this mixture was developed specially with our consultation and idea that used f
analysis (Table 1). These standard solution mixtures (namely; TK-BPA series) contain predomina
PCB congener in each chlorine degree in commercial PCBs and co-planar PCBs. Four variety
transformer oil (viz., PCB free oil, PCB fortified oil, PCB polluted oil and chemically degraded oil)
was used for intercalibration study. Each laboratory use same standard solutions, as for as native .
isotope labeled is concern. Clean up and analysis has been followed in HRGC/MS according to t
Japanese method.
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Figure 1. Average RRF and RSD (%) in two monitor ions by mono- through deca-PCBs.

The oil sample of each layer was initially dissolvechihexane containing 10 % toluene. From
this, aliquot of the sample (approximately 0.1 g of the causal oil) was extractatéitane saturated
with dimethyl sulfoxide (DMSO) after the addition of 2Z -labeled PCB internal standards that
includes co-planar PCBs (Wellington Laboratories). The DMSO phase was re-extractedhasitime
after with the presence ofhexane-washed water. Further, the concentrated hexane layer was subject
into a column chromatographic clean-up procedure described as follows; the column chromatograp
consisted a multi-layer silica column (silica, 10 % Ag)ica, silica, 22 % EBOQ/silica, 44 %
H,SO/silica, silica, 2 % KOH/silica, silica) with hexane as a mobile ptfase

HRGC/MS Analysis
For quantification and identification, HRGC (HP6890, Hewlett Packard)/HRMS (Autospec Ultima,

Micromass) fitted DB-5MS column (60 m, 0.32 mm i.d., 0.25 um film thickness, J&W Scientific) was
used. The temperature was programmed with the following order; 150 °C for 1-min. (20 °C/min.) 1
185 °C, (2 °C/min.) to 245 °C, hold for 3-min., (6 °C/min.) to 290 °C. The interface temperature we
programmed as 5-10 °C higher than the maximum value of each temperature program. The carrier
was helium and the electron impact ionization energy was 38-40& MS was operated in selected
ion monitoring for each congener group. Two ions were monitored for each isomer and conger
group. The Laboratories B and C use DB-5 (J&W Scientific) GC columns. Only slight variation o
temperature in between laboratory has been applied.

Results and Discussion

We classified 5-point calibration mixture of 1, 4, 20, 80, 400 pg/ml (Table 1). The tri- througt
hepta- chlorobiphenyls concentrations was half of the concentrations of mono, di-, octa-, non- a
deca- chlorobiphenyls in native standard. Whereas, the internal standard concentrations was set as
pg/ml for of mono-, di-, octa-, non- and deca- chlorobiphenyls and 100 pg/ml for tri- through hept:
chlorobiphenyls. At final a total of 15 data set (5 point, n=3 ) can be obtained based on vario
concentration levels. The average RRF data of 37 isomers from 15 samples has been plotted in u|
case of Figure 1. In addition, the RSD % calculated based on the RRF values for each isomer has |
shown in lower case of Figure 1. On the whole, average RRF for 37 isomers was 0.979 when TrCB-

416 ORGANOHALOGEN COMPOUNDS Vol. 59 (2002)



Table 1. List of PCB calibration standand mixtures.

Native standard

Internal Standard’
TUPACNuher _ Chilorine positions TUPACNimther

B ANDCB B
) DB 5
#15 44DiCB #15
#18 ST )
sl USTHCB #3
8 U4THCB 8
#33 2UTICB #3
) D55-TeB )
#4 235Te(B #2
#10 2344 Te(B #2
#6 244 Te(B #2
#l 3445 Te(B* #®1
#77 3344 Te(B* #71
%5 2356 PeCB BT
#101 22455 PeCB #101
#110 23346 PeCB #101
#13 2345 PeCB #123
#118 B4 PeCB= #118
#105 23344 PeCB #105
#114 245 PeCB™ #114
#126 33445 PeCB* #16
#19 DHSCIND #153
#153 24455 HCB #153
#138 2345 HCB #153
#15% IUSTHCB #1%
#157 345 HCB™ #157
#167 L4 FRCB #167
#1609 FUSSHCB* #160
#187 DHSSHHB #1%0
#174 2456 Hp(B #1%0
#150 VIMSTHB*  #180
#170 DBMSHBS  #1%0
#1%9 BIMSTHB® #4199
#19 L4660 #194
#03 2IUSTEOCB #1
#1 DU OB #194
#06 DU B #206
0 e A O I

*, % and *** denotes respectively, nonr, mono- and di-ortfio PCBs
All other (B congeners without astrisk mark represent najor PCBs
1=°Cyp-abled: The TUPAC nurrber of ative standard was caloulated
against [UPAC of internal standard in the same row for calibration.
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TeCB-66, 70, PeCB-110 taken in to a consideration.
Most considerably, the average RSD% for 37 isomers
was calculated as 3.86 % (ranges 1.97-6.30 %).
Collectively, difference of RRF was observed when
calculate lower and higher values. These results indicate
different response when we calculate by different native
and®C_-labeled PCBs for calculation (Table 1).

In general, congener pattern was different in
between type of PCBs and in between laboratory (Table
2). The detection limit of 0.1 ng/g was found for the
samples. Notably, PCB fortified oil contained greatest
concentrations of mono- to tetra-CBs (930-1300 ng/g).
While PCB free oil showed ND to 17 ng/g. Only PCB
fortified oil and PCB polluted oil contained all
homologues of PCBs such as mono-CBs to Deca-CBs
depending upon the lab (Table 2). Chlorobiphenyl
No0.118 was predominant congener in all the samples
followed by 105, 77, 180 and other congeners. While
co-planar PCBs such as chlorobiphenyl Nos. 126, 169
and 189 were not detected in most of samples including
PCB fortified oil, PCB polluted oil and chemically
degraded oil. The contribution of namtho PCB
congeners was 0-15 to the total PCBs and the dioxin-
like PCBs were with the ranges of 0-19. Homologue
pattern was dominated by trichlorobiphenyls followed
by tetrachlorobiphenyls,dichlorobiphenyls, penta- to
octachlorobiphenyls, mono- and nonachlorobiphenyls
and decachlorobiphenyls. Chlorbiphenyl No. 28 was
predominant isomer in most of the samples whereas,
CB-194 was detected at very low levels.

Collectively, our study demonstrated for the first time
about highly contaminated and less contaminated
transformer oil PCBs homologue and congener pattern in
3-laboratory study and our results provided the chemical
degradation of PCBs was apparent. However, based on
our results in our study, it is very useful to know the exact
source of mono-to decachlorobiphenyls including co-
planar PCBs from Kanechlor mixture, incineration,
industrial and environmental sources due to different
chlorination degree in between these different sample
matrix. Furthermore, different isomer/congener pattern
also possible to know using these method.

We would like to thank Wellington Laboratories for providing special standard material. This work
was mainly done for PCBs waste management technical committee of Japan Industrial Was
Management.
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Table 2. Concentrations (ng/g) of PCB eners in variety of transformer oils in 3-interlaboratory study.
Tied

PCB-type PCB free Oil foru Oil PCB poulluted Oil Chemical degraded Oil
Lab’ A B C A B C A B C
#3 ND ND Tﬁ 39 332 72 23 52 100 63
#3 ND ND 43 65 21 8.1 12 29 57 90 29
#18 ND ND 51 40 49 10 5.1 12 18 9.5 15
#sar ND 18 35 60 24 7.1 9 0.72 93 16 031
#g ND - 50 35 9.8 16 85 29 82
#33 ND ND 27 29 11 6 6.6 26 9.8 93 32
#52 ND 17 33 36 12 25 23 73 1.1 47 0.7
#44 ND 1.6 31 25 38 12 9.2 15 14 26 23
#70 ND 27 27 39 18 19 23 13 ND 29 ND
#66 ND 24 18 28 13 84 12 6.4 ND 34 ND
#95 ND ND 23 16 56 35 2 1.9 ND ND ND
#101 ND ND 2 32 7 45 52 12 ND ND ND
#110 ND ND 25 23 22 49 37 40 ND ND ND
#118 ND ND 15 19 53 37 43 13 ND ND ND
#105 ND ND 9 10 65 18 19 13 ND ND ND
#149 ND ND 44 25 36 36 25 27 ND ND ND
#153 ND ND 36 35 21 35 40 22 ND ND ND
#138 ND ND 39 33 21 53 46 34 ND ND ND
#187 ND ND 25 20 11 88 7.7 53 ND ND ND
#174 ND ND 20 14 21 95 64 11 ND ND ND
#180 ND ND 38 38 35 18 19 21 ND ND ND
#170 ND ND 18 12 14 11 10 9.9 ND ND ND
#199 ND ND 16 21 77 37 53 14 ND ND ND
#03 ND ND 14 24 62 44 6.9 1.8 ND ND ND
#194 ND ND 10 12 99 37 55 3 ND ND ND
Co-planar PCBs
#31 ND ND ND ND 0.38 ND ND ND ND ND ND
#77 ND 18 23 3 27 1.1 21 13 ND ND 0.21
#105 ND ND 9 10 6.5 18 19 13 ND ND 0.16
#114 ND ND ND ND 0.22 12 13 0.64 ND ND ND
#118 ND ND 15 19 53 37 43 13 ND ND 0.13
#123 ND ND 13 12 0.17 22 24 ND ND ND ND
#126 ND ND ND ND 0.09 ND ND ND ND ND ND
#156 ND ND 27 28 1.6 5.8 6.1 34 ND ND ND
#157 ND ND ND ND 06 14 11 0.9 ND ND ND
#167 ND ND ND 28 0.85 23 6.6 12 ND ND ND
#169 ND ND ND ND ND ND ND ND ND ND ND
#180 ND ND 38 38 35 18 19 21 ND ND 0.12
#170 ND ND 18 12 14 11 10 9.9 ND ND ND
#189 ND ND ND ND 031 ND ND 0.2 ND ND ND
Homologues pattern
MICBs ND. ND. 76 110 100 6.2 11 43 220 190 240
D2CBs ND. ND. 110 130 84 18 15 94 180 200 160
T3CBs ND. 17 240 200 220 50 52 55 76 68 71
T4CBs ND. 15 170 310 160 82 120 66 6.3 35 10
P5CBs ND. ND 120 150 65 260 240 120 ND. ND. 1
H6CBs ND. ND. 140 130 130 170 160 150 ND. ND. 0.56
H7CBs ND. ND 140 130 130 71 62 73 ND. ND. 0.12
O8CBs ND. ND. 57 87 39 16 24 11 ND. ND. N.D.
N9CBs ND ND 54 9.2 41 1.1 ND. ND ND. ND. ND.
D10CB ND N.D. N.D. ND. 0.33 N.D. N.D. 11 N.D. ND. 0.22
ol PCBs __ND 7 1100 1300 930 670 630 4950 430 490
denotes lab A= Techno Research echno jon and lab C= MET' AN Environment

‘ﬁrmnbusmptucmsIUPACmmbuofpamw!arPCBm)gemr “possible interference; detection limit 0.1 ng/g;ND=not detected.
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