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The Finding of Chlorinated Dibenzofurans
in a Japanese Polychlorinated Biplicayl Samplc
by Jouw A C. Roaco and [nwin J. Posienants
{Yiviston of Chentical Tecknolngy

Foard swd Deng Aiboanicarntion
W onsfeimgrone, 1), 224

The presence of tetra- andpentachlorinated dibenznfirsns
and liexa- and heptachlorinated naphthalenes in two samples of
polychlorinated biphenyl mixtures (PCB) of European origin has
been reported by VOS5 et al. (1970a). Their interest in a content
analysis of tliec twe PCB somples for impurities wss stimulated by
previous work in which texic eff{ects observed in chicks were
attributed to these two samples (VOS et al., 1970b),

Kanechlor 400 (KC-400), s commercial PCB preparation of
Japanese origin, boa been identified os the causative agent of
Yusho, a human poimening incident reaulting from the ingestion
of rice oll contaminated with KC-400 (KURATSINE et al., 1972).

We have analyzed a sample ol KC-400 mode available to us [rom
the Kanegafuchi Chemical iIndustrial Co., Led, through Dr. M.
Blumenthal of tlie Food ond Drug Administrscion to determine
whether potentiaily hazardovs cliemicals, particularly clilorinated
dibenzofurans (C1-DDBF), were present as contaminants, - 1t was the
objicctive of this anelysis to obtain, wiere possible, structural
{nformation on these contasinants and‘an estimate of their con-
centration in the KC-400.

Experimental

A hexane solution of the KC-400 was gas chromstographed,
vaing an clectron capture detector, on a columm of 80-100 mash
Chromosorb WilP coated with 107 LC-200 and on a colimn of 15% QF-1
and 10% DG-200 eech coated separstely on BO-100 mash Chrowosord
WHP and mixod {n a l:1 weight ratio, The KC~400 (chlorine content:
487%) showed only minor differences in peak locations and relative
peek heights from Aroclor 1248 (chlorine content 48%), a PCH of
Americsn manufacture. Therefore, Aroclor 1248 to which a reference
mixtura of di-, tri~ and tetrachlorinated dibenzofurans (prepered
by chlorination of dibenaofuran in tetrachlorosthylene with iron
pouder as catalyst) had been added., was vaed by Porter to deviae
a procedurs to separate Cl-DBF from PCB (PORTER, 1971b). This
procedure, &8 used in the present study, is outlined in Figure 1.
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KC-400 in hexane solution

|

Florisil Column

/ N\

PCB in eluate A Cl-DBF in elusce B

{(discard)

Alumina Micro Column
(PORTER, 1971a)

S ~N

PCB in eluste 1 Cl-DBF in aluate 2
(discard)

Figure 1, FProcedure for Separation of Chlorinated Dibenzofursns
from Chlorinated Biphenyls in KC-400

The Florisil (8 g of 60-100 mesh PR grade)} was activated by
heating st 130°C > 12 hr and cooled to room temperature in s
desiccator. Before the sample was sdded to the column, the Flor-
1sil column wss prevsshed with about 25 ml hexsne. The KC-400/
hexsne solution (< 2 ml) was placed on the Florisil, which wvas
contsinad in a 10 om 1.d, x 300 mm glass column fitted with a
Teflon stopcock snd medium porosity fritted disk. The column vas
eluted with two eluants in succession at the rste of sbout 5 =ml/
rin, Eluant A vas 150 ml hexane. Eluant B wss 100 ml 5% ethyl
ether in haxsne. Eluate B was concentrated to sbout 1 =l defors
the sampla was placed on the slumina micro coluan,

The micre column was a dispossbls pipet of roughly 5 moa bore
into vhich a small wad of glass wool had been inserted to retain

" the sluminum oxide. Merc alumina, which hasd been hest-sctivated

exactly like the Florisil, was poured into the column to a depth
of 2.5 co. Sample or eluting solvent was then added to the column
from a disposable pipet or s large glsss syringe. Eluant 1 wss
10 m] 1% methylens chloride in hexsne; eluant 2 wss § wl 20%
mathylene chloride in hexsne. Additional PCB was removed by con-
centrating eluate 2 to about 1 ml snd subjecting it to a second
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¢lumins micro column cleanup, simply repeating the slumina column
procedure,

This procedure wos first spplied to duplicate 2 mg portions
of XC~400. Electron capture gss clicomatography of eluate 2 showed
2 gas chromatogrsphic peak {n cach sample that had a relative
retention tine matching that of a tetrachlorodibenzofuran on both
8 102 Ov-101 and a 1:1 10% DC-200 + 15% QF-1 column under the
following couditions: glass column, 6 ft. x & sw id., column
temperature 200°C, injection temperature 225°C; carrier gas,
nitrogen at 120 ml/min.; detector, tritium source (concentric
type), operated in clcctron capturs mode at 210°C. Detector
voltsge was adjusted so that 1 ng heptachlor epoxide causes 1/2
full scale recorder deflection at 1 x 107 AFS.

The reference materisl for this retantion time comparison wss
the tetrachlorodibenzofuran component in the mixture of chlorin-
ated dibenzofurans.

To obtein sufficient materisl from the KC-400 for combined
gas chromatogrsphy/mass spectrometey (GC/MS) snalysis, the pro-
cedure wes scaled up to permit cleanup of 8 mg portions of KL-400,
Clesned up eluatas (aluate 2) ware then combined to giva two
composite samples, each equivalent to epproximately 100 mg KC-400.
Thesa two composites wera snelyzed by GC/MS (Finnigen 1015
quadrupole mass spectrometer) and the resulting date vere examined
for evidence of the presence of compounds thet wers not chloro-
biphenyls, A reagent blank of equivelant size wes elso enalyzed
by GC/MS. The resgent blank contained nona of tha compounds found
in the samples. The qualitetive results of the KC-400 enelyses
ere sumaarized in Table 1. The idantificetion of the compounds
listed in Table 1 was based on & compsrison of the mass spectre of
the sample compounds with the mass spectre of the di-, tri-, and
tetrachlorinated dibenzofuren components in the referance mixture
end on comparison with mass spectral date on chlorinated
dibenzolurens in the published litersture (VOS5 «t el,, 1970a;
FIRESTONE «t el., 1972; PLIMMER et el., 1973).

The amount of tetrechlorodibenzofuran contained in the
reference mixture wae approximated by compering Lts microcoulo-
matric GC response with the response given by s knowm quantity of
e teatrechlorodibenzodioxin of known structure, The tetrachloro-
dibenzodioxin was considered en eappropriete microcoulomstric
reference compound beceuse of Lts atructursl similerity to
tetrachlorodibenaofursn. The electron capture GC responses of the
tetzachloro component in the synthetic mixture end in the KC-400
extrects ware then compared to quantitete tha tetrachlorodibenzo-
furan in the XC-400, The KC-400 was estimated to contain
spproximately 1 ppm tetrechlorodibenzofuran,
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an TABLE 1

Compounds Present in Kancchlor 400 After Cl.eurm:‘r1

Sumary

neted biphenyl of Japaneso manufecture (KC-400).

the preparation of tha samplss for GC/M5 analysis.

Referencas

M1

ed Moss (No, of Cl) and Molecular Welght
Fragmeutation Data Compound Present of Compbund
h
' 256 (3Cl1) ;M-2c] trichlorobiphenyl 256
270(3Cl)iM-(CO+Cl) trichlorodibenzofuran 270
290(4C1) :M-2C1 tetrachlorobipiienyl 290
298(5C1);M4-2C1 pentachloronaphthalens 298
15 304 (4CL1) ;M= (CO4CL),
M- (CO+3C1) tetrachlorodibenzofuran 304
312(scl);M¥~-C1 unidentified; perhaps 312
methyl pentachloro-
naphthalene or pentachloro-
. phenyl cyclopentadiene N
Y, 3IB(4 or 5C1);
M- (COH+IC1) indi- posaible pantachloro- s
4 cated dibenzofuran
2Lisced in order of elution from 3% OV-101, 6 ft. x 2 eom
4 1.4, glese column et 220°C, cerrier flow 20 m] hHe/min.;

the same MS gvidence vaa found in both samples examined
. for all entriea but the lest (possible pentechlorodiben-
f tofuren) for which & sscond determination was not attempted.

} to ths raported Yusho incidant is thus reised,
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