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Introduction

In 1968, the Yusho poisoning incident occurred in Western Japan and involved more than 1,800 people.
Although it was found that Yusho rice ail ingested by the victims was contaminated with polychlorinated
biphenyls (PCBs), subsequent investigations reveded the presence of polychlorinated dibenzofurans (PCDFS)
and dibenzo-p-dioxins (PCDDs) in the causal rice oil™>. The objective of this study isto investigate the levels
of PCDD/Fs and PCBs including dioxin-like coplanar PCBs (Co-PCBs) in Yusho rice ail using the newest
andyticd techniques and to further evauate their rdlative toxicologica contribution.

Methodsand M aterials

One bottle of Yusho rice oil was obtained from a Yusho family in Fukuoka City in 1998. Since the obtained
causd oil had gpontaneoudy divided into two layers, namely, the liquid layer (701 g) and the sediment layer
(15 g), we andyzed them separately and performed weighted average for concentration calculaion. The
concentrations of PCDD/Fs and PCBsin the causd oil were analyzed by Yokohama Nationd University and
Shimadzu Techno-Research Inc. with two different approaches shown below for cross-checking. The toxic
equivaent (TEQ) levelswere caculated based on the toxic equivaency factors (TEFS) for humansrevised by
the World Hedth Organization (WHQ) in 1998.

Approach 1: The Yusho rice oil sample (0.20 g) of each layer was initialy dissolved in n-hexane (10 mL).
After the addition of *C-labeled internd standards, an diquot (0.50 mL) of the n-hexane solution was trested
with akdine hydrolyss and concentrated sulfuric acid. Sample deanup induded chromatography on slica
gel, duminum and carbon columns. Thefind PCDD/F and Co-PCB fractions were further concentrated to 25
u L and spiked with *C,,-labeled recovery standards for high resolution gas chromatography/high resolution
mass pectrometry (HRGC/HRMS) andyss. The tetra- to octachlorinated PCDD/Fs and four non-ortho
subgtituted Co-PCBs (PCB-77, PCB-81, PCB-126 and PCB-169) were andyzed by congener-specific
andysis. Therice oil wasanalyzed twice (A and B) by this gpproach in the present study.

Approach 2: The ail sample of each layer wasinitidly dissolved in n-hexane containing 10 % toluene. For the



andysis of PCDD/Fs, an diquot containing 1 g of the causa oil was extracted with n-hexane-saturated
dimethyl sulfoxide (DMSO) after the addition of *C-lebeled internd standards. The DMSO phase was
back-extracted with n-hexane and n-hexane-extracted water. The concentrated n-hexane phase was further
deaned up using multi-layer slica and carbon column chromatography. In the case of PCB andysis, an
diquot containing 1 g of the causd oil was directly treated using multi-layer slica and carbon columns after
the addition of Cs- and *Cy-labeled interna standards. The obtained PCDD/F and PCB fractions were
concentrated and congener-specificaly analyzed by HRGC/HRMS.

Resultsand Discussion

Nearly dl the tetra- to octachlorinated PCDD/Fs and dl the Co-PCBs were detected from therice oil sample.
The results are presented in Tables 1 and 2. The individud concentrations of dl the 2,3,7,8-substituted
PCDD/F and Co-PCB congenersin Yusho rice oil were elucidated for thefirgt time. Good reproducibility was
obtained using gpproach 1. Furthermore, the results obtained from the two approaches agreed well, indicating
the rdiability of the data obtained in this study.

The concentrations of PCDDs and PCDFs were found to be 0.59 and 8.8 ppm, respectively. Theseresultsare
comparable to those of Tanabe et d.%, who congener-specifically investigated two Yusho oil samples and
reported that the oil contained 0.83 (0.81 and 0.84) ppm of PCDDs and 12 (9.2 and 14) ppm of PCDFS’. For
PCBs, more than 130 PCB peaks were observed and atotal concentration of 850 ppm including 140 ppm of
Co-PCBs was obtained in the present study. The mean concentration of PCBs in Yusho oil reported by
Nagayama et d.' and Mimura et a.* was 920 (830-1030) and 830 (769 and 899) ppm, respectively.
Additionaly, Mimura et d. indicated that 130 140 PCB congeners were present in Yusho rice ail®. On the
other hand, Miyata et d. found relaively low levels of these compounds in Yusho causd ails. The
concentrations of PCDDs, PCDFs and PCBs were reported to be 0.14 (0.13 and 0.14), 1.5 (1.3 and 1.6) and
160 (150 and 160) ppm, regpectively?. In addition, only 74 PCB components were detected from Yusho oil by
Tanabe et d. and the mean PCB concentration was 380 (330 and 420) ppm?®. The differences in dioxin and
PCB concentrations between the Yusho oils mentioned above might be attributed to the difference in
production date’. Based on the compaison of the observed PCDF and PCB levels and their ratio
(PCDFS/PCBs) with those of various Yusho oils produced on different dates’, the rice ail analyzed in this
study isbelieved to be produced during the initid period of therice oil contamination.

The TEQs of PCDDs, PCDFs, and Co-PCBs were cdculated to be 17, 470 and 120 ppb, repectively. Thus,
the relative contribution of these classes to the totdl TEQ in Yusho ail is 3, 77, 20 %, repectively, indicating
that PCDFs played a mgor role in the toxicity of Yusho ail. These percentages of TEQ contribution are
consistent with those found in Yusho blood®. Furthermore, it was confirmed that 2,3,4,7,8-PeCDF contributes
58 % to the totd TEQ, supporting the view that this compound is the principal causa agent in Yusho
poisoning’. 3,3 44 5-PeCB and 1,2,34,7,8-HxCDF were found to be the second and third causative agents,
contributing 16 % and 12 % to the totd TEQ, respectively. Previous studies indicated that 2,3,4,7,8-PeCDF
and 1,2,3/4,7,8-HXCDF are present a high levels in blood® ” and ssbum’ of Yusho patients compared to



norma contral. It is noteworthy that the most toxic 2,3,7,8-TCDD was newly discovered, dthough it
contributesonly 0.1 % to the totd TEQ. Thisfinding givesthe explanation for the exisence of 2,3,7,8- TCDD
in sebum and blood of Yusho patients’. Based on the data of Tanabe et d., Masuda calculated the TEQ
contribution of PCDDs, PCDFs, and PCBsin Yusho ail to be 1, 91 and 8 %, respectively. Furthermore, the
smallest TEQ intake during the latent period was estimated to be 0.11 mg®. The difference in the evaluation
resultsof TEQ contribution in Yusho oil mentioned above is mainly atributable to the sgnificant differencein
the concentration of 2,3,4,7,8-PeCDF between our data and those reported by Tanabe et d 2. Consequently,
the TEQ of 2,34,7,8-PeCDF obtained in the present study was only about 1/2 that of Tanebe et d.%. Based on
our data, the smalest TEQ intake during the latent period was estimated to be 0.067 mg for Yusho pdtients,
according to the calculation method of Masuda®. This vaue is 61 % of that estimated by Masude®, and
suggeststhat alower minimum amount is necessary for developing thetoxic symptoms of Yusho.
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Tablel. Concentrationsof PCDD/Fsin Yushoriceail (ppb)



Table2. Concentrationsand TEQs of 2,3,7,8-PCDD/Fsand Co-PCBsin Yushorice ail (ppb)
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