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ANALYSIS OF POLYCHLOROBIPHENYLS FROM USED TRANSFORMERS FOR POLYCHLOROOTBENZOFURANS
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ABSTRACT

The results of anelysee for polychlorodibenzofuran (PCDF) content in two samples of
polychlorobiphenyl (PCB) from used electrical transformere are presented snd discussed. In
neither sample was there evidence for enhanced PCDF concentrations even though one of them had
besn subjected to overheating while in service.

INTRODUCT ION

Polychlorodibenzofurane (PCDFe) are tracs contaminante of commercial polychlorobiphenyle (PCBe)
commonly used in electrical components auch as transformera, vhere overheating can oceur, Thera
is a coneiderable smount of evidenca that PCDFs can bs formed when PCBe sre heated which le of
concern becauss PCDFe are more foxic than PCBa, Thias paper present wessurements of PCDF
concentratione from two eamplee of PCE taken from used electrical transformers, one of which had
been overheated while in service.

EXPERIMENTAL

The preciee origin and nature of the two PCB samples could not be established although GC-MS
enalysis with computer matching of the major jone to the National Bureau of Standards library'
gave either Arocloy 1254 or Aroclor 1250 as the neatrest equivalents for both eamplea. The
trensformers were spparsntly made {n 1963 and 1977 and the newer one had overheated while in
servica. The PCB sampls from thie bverheated traneformer (FCB-A) contained & suspenaion of fine
black particulates while the other PCH sample (PCB-B) wae almos? clear.

About 15 g of PCB=A snd 25 g of PCB-B were eech dissolved in 100 wl ssaples of sromatic-free
hexane (AFH). In the case of PCB-A no sttempt wes made to exclude or separets out the fice black
perticuletas, but es homogennous s mixture of oil end particuletas as possibla wes uesed to
prepare the initial solution.

In cthe claen=up procedurs 50 ml burettas wers plugged with scetons~veshed , glsas—wool, pecked
with ebout 22 g of activated besic sluminz (Woelm Grede B Akt 1) under AFH, and topped with
cleened snhydrous sodium sulphete. Tho basic alumina used was sctivated by heating at 440°C
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overnight and then stored in an oven set at 7509C, Just prior fo use, the required azount of
slumina was transferred to an oven kept at 110°C containing a bed of silica gel The anhydrous
sodium nulphare wag cleaned by Soxhlet extracrion with acetone, hexane and dichloromethane prior

to yse.

Aliquots (1 ml) of each of the PCE solutions was temoved snd spiked with 20 ul of & 473 § PR
cctachlorodibenzofuran (OCOF) solution end 200 11 of a 64.6 ppm solution of 1,2,3,4 teera-
chigrodibenzo-p-dioxin  (TCDD) . These spilked aolutions ware blown dry under Ny, vedissolved

in AFH and transferred to the alumina column with copious amounts of AFW washings. The columns
were first ejuted with 80 ml of a freshly prepsred 2% CH2C12/AFW solution end then vith 50 ml of
a freshly prepered 50% CHzC12/AFH salufion, Beth 2% and 50% slutions were seperately reduced on
e Kuderns~Danish apparatus with final raductions to dryness under » stceam of nitrogen gas in
acrev—topped gless vials. The residue wey redissclved in xylene and stored at -100¢ prier to
analysis.

Anslysis wes conducted wsing sither & Finnigan 1020 GC-M5 with ons single-ion wonitoring
programmse for the PCDFs and the 1,2,3,4-TCDD, and another for the PCDDs, or Migh Pressure Liquid
Chromacogrephy (HPLC) using = Zorbax OD$ column and UV detsction. Deteils of the snalyticel
conditions sre given in Table L. The concentrated 50% fraction {rom the column clean-up proved
reluctant to dissolve completely in xyleane for GC-MS enslysis, so small amounts of CH2ClZ end
scerona were added to encourage tomplete solurion,

Table 1  Analytical conditions

Instrument Detector Colvan Oven
Finnigsn 1020 70 eV ionizetion Waxd? o Id injector temp = 100°C
GC=M5 paotencial SES4. WCOT en Detector temp » 100°C
Manifold temp = BOOC silica quar:e Tetep prog: lnjection at 90°C;
Sepsretor temp = 3100C bellistie rise to 215°C, temp
gradient 159C/min to 300OC for
12 ming
LDC. uPLC. UV detector: 245 nm 25 cm x 4 = ID Ambient
(Milton Roy) ' Zorbax ODS réverss

phase coiumn. MeOH
at 1.0 cmd/nin
1iquid phase

1t is difficult to confirm the presence snd quanticies of che various PCDF isomars with GC-Ms
btacauset singla iscmer standards for these compounds, apart from OCDF, were not aveilable at the
tine of analysis. The presencs of PCOFs was confirmed both by comparison of ratention vimes with
thosa from an UV-irradiated aplution of OCDF in 1:5 methapol: xylene sclvent and by medsuring

tha retio betwean the intensity of tach of the PCOF isomers’ mainmass lon (M*) and its daughter
fon (M* -61), creatad by the loss of a COCY fregment. Irradiated sclutiona were found by GC-MS
to contailn at least two iscmers of pentachlorodibenzofuran (PnCDF): thres isomers of hexachloto-
dibangofuran (RxCDF) and ona of heptachlorodibenzofuran (HpCDF). The ratention times Of these
{somers ralatfve e 1,2,3,4~-TCDD were messured, Injections of the irrsdiated sacple gave
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M*/M* -63 retios for PnCDF, HWxCDF, HpCDF and OCDF isomers which .ere corsistent wvith the
Litevsture valusal., 1In this study sll the peals [dentified as PCDFs in tre PCB samples had the
expacted ralative retantion times and M*/M%* -63 f[on ratios.

Tha PCDFa and PCDDs were quantified using calibration curved constructed froc= the GC-MS snalysiy
of a series of mixed PCDD/PCOF standards, containing 1,2,4,6,7,9-end/or 1,2,%,6,8,9-HxCOD;
1,2,3,4,6,7,9-HpCDD; OCDD and OCDF with 1,2,3,4-TCDD as the Interral ste<dard diesolved in
xylens. The PCDFa detected in tha FCB sample were quantified using a series of standards
containing 1,2,3,4-TCDD and OCDF. Values for the concentration of tetrachlorodibenzofuran (TCDF)
present were calculatad from & calibration curva derived from 1,2,3,4-7C3) but adjusted for the
relativa response factors batween 2,3,7,8=TCDF and 1,2,3,4-TCDD found fro= the literaturel. The
concentrations of PnCDFs, Nx(DFs and HpCDF» presant in the clesned sasples ~ere determinsd by
interpolation betwvesn TCDF and OCDF.

A particulate-rich sompla of 10 g of PCB-A takan from the botton of the coztainer aftar
ssttlement, was dissolved in 50 ml AFH and centrifuged to separste out the particulate matter,
Tha particulates were Soxhlat-extracted for 8 hours using 50 ml of a 1:4 =ixturs of xylens and
AFH. The resulting solution was concentrated and then blown dry under a steam of clesn nicropen
gea, the residue wae takan up in APH, column chromatographed and analysec a3 described abova. No
PCDDs or FCDFs were detected.

PESULTS AND D1SCUSSION

Racovery efficienciee for the 1,2,3,4—TCDD and OCDF spikas after colucn clircmatogrephy ware
calculatad from HPLC analysan; tha results ars prasentad in Table 2. Tae clesn-up procedure
used gave the most consistent and highest recovary from the eeveral sltes-atives that were
examinad. Tesble 3 contains the rasults of the CC-MS analysas expressed as _g PCDF ot PCDD per g

PCB.

Table 2  HPLC-determined recovery efficiencies for 1,2,3,4-TCDD snd OCDF sfter colunn

chromstograph
Chemical PCB Initfnl amount Post column chrooatography Recovery
of splka added recovery deternined by H7LC sfficiencise
'} 3 v
PCB-A 12.9 11.1 .1.34
1:2,3,4-7C0D  popp 12.9 10.7 »2
PCB=A 9.5 7.3 1%
ocor PC3-2 9.5 7.3 7z

Sawple PCB-A, the overheated PCB, haa marginally higher PCDF concent.ations then sampls PCB-B
but all the PCDFe era within the range quoted for 10 Aroclor end Clophen PCS samples in the
litsratured (ese Teble 4) end since PCB-A and B had different origins the ¢ifferences in PCDF
concentrations cannot be coneidsred eignificant.
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Teble 3 Reaults of GC-MS analyses

Chemical Retention time PCB-A pCa-B
{relative to {ug g1 PCB) {ug g-! PCBY
1,2,3,4-TCOD)
0.9 0.06 Hp
TChY 0.96 0.05 o.04
Q.98 0.09 0.07
ChD 1.0 spike spike
PoCDF 1.14 0.46 0.15
PnCDD - ND ND
1.39 0.53 0.13
RxCOP 1.47 0.59 0.16
HxCDD - Np WD
HpCDF 1.7% spike apike
HpCDD - ) ND
OCDF 2.4% spike spike
oCDD - ND ND

Notes: 1 The avalytical ervor eeeociatad with these tesults, estimated from repeat

datarminetions ia 46 par cent for the TCDF and TCDD end 52 per cent for the NxCDF and

KxCDD valuss.

2 ND = not detected. The detsctlon limit for TCDD and TCUF vas 0.06 pg/g PCH; for OKDF
0.06 ug/g PCB; and for OCDD 0,05 ug/g PCB.

3 'Spike’ indicstea that only the spiked chemical wae detected, the DCDF contained

traces of HpCDF.

Table 4  Messured concentrations of PCDFe

1

Total PCOF (ug g )

1CDF PaCDF HxCDF
rangs of litersture
concentrations 0.04-1.4 0.1=5.0 0.02+2 .45
{mean) (0.34) {1.1) {1.0)
PCB-A 0.2 0.5 .}
M3-3 0.1 0.2 0.3

Thua thera is no evidence for significant PCOF production in the overhestad transformer.

presance of black particles, assumed to be carbon, in the overheared sample indicates that
during overheating, conditione inside the traneformer wvare reducing vather than oxidiszing.
it congistent with the obssrvation of no significant PCDP formarion from PCBe because such
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react{one would require oxidiring conditiona. Neither PCB sanmple contained detectable
concentrations of PCODe and it ie noticeable that aven in fires, vhere ocgen is presumably more
freely available, PCDF production predominates over PCOD formation”.

Reeults of PCB analyaes from an intect capacitor involved in a fired have been reporred giving
comparable PCDP concentrations to those in Table 4 whateas residual fluid from a ruptured
cepacitor involved in the same fire had markedly snhanced PCDF concentratione®. This supports
the epeculation above and implies that provided tha PCB-~containing vessel doss not econtain air
and remaine intact and sealod during overheating, formation of PCDF will be negligibte.

CONCLUSIONS

The PCDF concantrationa in twe samples of PCB from uaed traneformers, one of which had over-
heated, ars within the range of valuas previously published for the industrial product. Thesa
resulte Iindicate that in this case there is no evidanca for PCDF formariorn during overheating.
Thie ie the expected result if the overheating occurs in the absence of oxygen and {oplies that
if electrical componsnte resain intact and eealed vhile in use ond during overheating,
conversion of PCB to PCOF should ba negligible.
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