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ANALYSIS OF POLYCHLORINATED DIBENZOFURANS IN YUSIHO OLL
USING HICH RESOLUTION GAS CIROMATOGRAPHY - MASS SPECTROMETRY
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Eﬁ&goductlom i

Polychlovinated biphenyls (PCBs) are industrial cheulcals now knowa t2 te widely
dlgtributed in the envirorment, The cummercial products are Eomplex miziuzes of

<l ab is=s%

80 different substances. The toxic effecﬁ and the bloaccumulation of the discrete PCB~
lsomers vary remarknbly.l'z . ‘ |

In 1370 Vo8 et al. identified polychlorinated dibenzofura%s (PCDFS) as toxie {mpurities
In Fuwrorean PCBs at the ppm level,5 and the same has also beén reported for American and
Japanese PCBs.4's Using packed-column GU/MS, Bowos et al. to&nd that the most abundant
PCDFs had the same retentlon time as 2,3,7,8-tetra-CDF and 2.{3,4,7,8-penta-CDF.5

In 1968 moxe than 1200 persons in South-West Japan were i&toxicsted by consuming a
commercial zice oil contaminated with 1000 ppm of a Japanese ?CB (Kanechlor).6 Nagayama et
3l. analyzed the rice oil (Yusho oil) and found 5 ppm of PCDF?. Consequently, the PCDF

concentration in the Yusho oll was sbout 250 times higher than in ordinary Kanechlor
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preparations. Nagayama et al. also found tetra- and penta-COFs to be Qost abundant, but
they alzo found small weounts of the tri- and hexachloro isomers.6 Re;cntly, Bewes et
al. bave reported that they found three isomegs of both the tstra~CDF ;nd penta~CDF, the
dominating tetra~-CIF had the same retention time on a packed column as;2,5,7,8~tetra~
CDF.7 : 2

The toxic effects of the PCDFs are vexy similar to those reported f;r the polyehlorin-
ated dibenzodioxing (PCDDB). in both cases the‘2,3,7,8-tetrachloro comﬁpund being the

1,2,8

most toxic isomer. Like PCDDs, both PCDFs and certein PCB isomers have been fourd to

increase cytochrome P-450 activity and a number of drug metabolizing enzymes.2'9
In this paper, we report on the analysis of "Yusho oll C" using glasé capillary column

GC in combination with different mass spectrometric techniques.

Exporinental
The clean-up of the Yusho oil (1, 5g) was perforned essentially es degirizes o o

cluding alkaline saponification and chyomatography on silica gel.6 Finalichrc:at:graphy
vwan carried out on an alumina-microcolumn using 10 ml portions of 2% and 50% methylane
chlorida in n-hoxane.lo The FPCDF Iyxaction was carefully evaporated and the residus re-
dissolved in 100 j0 of n-tetradecane. Similarily, a solution of synthetio{?,},?,e-tetra—
CDF was propared in n-tetradecene at a concentration of about 1 ng/yl. Al{quots of 2 pl
of sample wore analyzed on QV-101 and OV-17 glass capillary columns (22 m x 0.36 mm ID)
using an isothermal splitless injection technique as previously described.,l1 The columns
vers coupled via a fused platinum capillary, leading directly into the ionlsource of a
Finnigan 1015 D GC-MS (aleotibn impact sourée at 70 eV). The columns were operated at
197°¢ (0v-101) ana 207°C (OV-17) with a helium carrier gas pressure of o.si- 0.8 ata. A
vaporizer temperature of 270°C wag used, the interface was at 25000. |

Masg specifioc detectlion (mass fragmentography) of PCDFs was carried out by monitoring
molecular ions at m/e 270 (tri-CDF), m/e 304 (tetra-CDF), m/e 338 (penta-CDiﬁ‘) and mfe 372

(hexe~CDF). A4t a further stage complete EI mass spectra were recorded using a Finnigan

4000 GU-MS equipped with a 6111 data system.

DsW 038468

STLCOPCB4022292



3%

£62220y80d0J71LS

§ % 8 5 = L 0~ % oz & B O: 8 E § & T LR <
~N ::’ -
g
2,3,7,8—tetra-CDF;
OoV-101
mse 372
A A
mrse 338
mse 304 \

mse 270

AN

2b min 1b 6

Figure } : Mase fragmentograns {0V-101 glacn caplllary coluans at 197°C) of Yusho oil showing elution
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Figure 2 Mass fragmentograms {(OV-17 glasne capiliary column at 207°C) of Yusho oil showing elution
of PCDFs {m/e 270 = tri-, w/e %04 = totra-, w/e 538 = penta- and mfe 372 = hexa~CDF).
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Results and Discussion

The mass fragmentograms using OV—lolaAd OV-17 columns are giien in Pig. 1 and 2.
The 0V-101 is a non-polar column with a good grouping effect accérding to the number of
chlorine atoms, The OV~17 is a semi~ polar column, with more spreading of the positional
isomere. Consequently, OV«l7 appecars to be better for an optimal separation of the
iscmeric PCDFs. J

Fig. 1 and 2 also allow us to make an estimation of the numbe;‘of tri~, tetra-, penta-
and hexa-CDFs present in the Yusho oil (éuspected isomers, Table ﬁ). In the case of the
most abundant isomers, the discrete PCDFs could be identified by %unning coxplete EI mass
spectra. All the spectira were in agreemen@ with published data, o;pected ion clustering

and major fragmentation (M'-coci, m*-c001-012).

Table I

Number of PCDFs in Yusho 0il

c1 ¢ :

3 1, i01 5 cx,
Suspected isomers 6 6 .9 3
Tdentified isomers ) 2 4 'y 1

a)

Identified by complete MS, no positional assignment.
‘ 1

Identical yetention times were found for the major tetra-CDF p?ak and an authentic
cample of the 2,3%,7,B-tetra-CDF (501 sec on OV-101 and 557 seo on:OV-IT). By simple com-
parison of peai heights the estimate was made that 2,3,7,G—tetra-§DF amounts to at most
307 of the total tetra-CDFs. .

Our investigation using high resolution GC strongly supports t%e apsumption that
2,%,7.,8=-tetra-CDF is one of the main PCDFs in Yusho oil, an assumﬁtion 50 far only based
on separations using packed columns, Optimal separation using high resolution gas chro-
zatography i3 required when it is important to separate between a\large number of posi-

tional 1somers.
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