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Introduction

The hexachlorobenzene (HCB), a type of organochlorine pesticide (OCP), was used as a
fungicide for seed, and as a wood preservative. Also, HCB exists in the by-products found in the
manufacturing process of chlorinated organic chemicals, and is generated by garbage incineration'.
The HCB is a so-called, unintended toxic pollutant as well as dioxins, and HCB is then specified
for Persistent Organic Pollutants (POPs). According to a recent study, it was pointed out that HCB
binds to the aryl hydrocarbon (Ah) receptor™, resulting in dioxin-like effects and bioaccumulates.
Therefore, the overall toxicity evaluation of dioxins and HCB in human body, especially in human
milk, should be examined, because HCB is universally detected in human milk. Until now, many
studies regarding the dioxins or OCPs polluted in human milk have been reported. However, there
are only a few reports that analyze both dioxins and HCB in the same sample®, because repeated
sampling and large amounts of samples of human milk were generally difficult to acquire.
Moreover, few studies are available for the overall toxicity evaluation of dioxins and HCB in
human milk.

The aim of the present study was to develop the systematic analysis method of dioxins and HCB,
and to obtain additional information about the overall toxicity evaluation of dioxins and HCB in
human milk. The correlation between the HCB residue level and each dioxin isomer in the human
milk was also considered.

Materials and Methods

Chemicals: All of the dioxin standards were from Wellington Laboratories. The OCPs were HCB,
a-hexachlorocyclohexane (HCH), B-HCH, v-HCH, 8-HCH, o,p*- DDT, p,p’-DDT, o,p’- DDD,
p.p*-DDD, o0,p’- DDE, p,p -DDE, heptachlor and heptachlor epoxide, all of which were from Wako
Pure Chemical Industries (Osaka, Japan). Most of the organic solvents such as hexane, acetone,
dichloromethane (DCM), toluene, diethylether and ethanol were of dioxin analysis quality from
Kanto Kagaku (Tokyo, Japan} or Wako Pure Chemical Industries. All the other chemicals were
from PCB analysis quality grade or special quality grade.
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Analysis of dioxins and HCB: Human milk samples were collected from 100 Japanese
primiparae, Approximately S0 g milk samples were used for the analysis. The sample pretreatment
for dioxin analysis was carried out in accordance with the manual compiled by the Ministry of
Health, Labour and Welfare, Japan. Briefly, a stable isotope of each congener of the PCDD/Fs and
Co-PCBs were added as a surrogate after the fat was extracted from the human milk. The fat was
subjected to a concentrated sulfuric acid washing and then to chromatographies such as silica-gel
column (1.5g of silica-gel; eluted with 120 mL hexane, followed by 60 mL of 10% DCM/hexane),
alumina column (6.5 g of basic alumina; eluted with 60mL of 2% DCM/hexane, followed by 100
mL of 60% DCM/hexane} and activated carbon silica-gel column (0.5 g of activated carbon silica-
gel; eluted with 60 mL of 25% DCM/hexane, followed by 100 mlL of toluene) as the cleanup
operation, followed by the GC/MS measurement for dioxins.

As for the analysis of HCB, the fraction of 2% DCM/hexane eluate from alumina column was
evaporated near dryness in vacuo, and the residue was dissolved with 1mL of hexane, followed by
the GC-ECD (electron capture detection) measurement, For other OCPs such as heptachlor epoxide
and a part of B-HCH, the fraction of the 10% DCM/hexane eluate from the silica-gel column was
used in a similar manner. For the remaining 8-HCH, the fraction of 25% DCM/hexane eluate from
activated carbon silica-gel column was also used in a similar manner.

GC/MS measurement: The PCDD/Fs were analyzed by HR-GC/MS using a JEOL JMS-700 mass
spectrometer equipped with a capillary DB-17HT column (30 m x 0.25 mm i.d., film thickness 0.15
pm) in the splitless injection mode (1 pl). The GC program was as follows: 150 °C (1 min) to 220
“C (0 min) at 20 °C/min and subsequently at 4 °C /min to 280 °C, then maintained for 16.5 min at
280 °C. The MS was operated in the selected ion monitoring mode with a mass resolution of
10,000, and the electron impact ionization energy was 38 eV with an ion source temperature of
260°C. The toxic equivalent quantity (TEQ) was calculated using the international toxic
equivalency factors (1-TEF, 1988), WHO/IPCS-TEF (1993) or WHO-TEF (1998).

GC-ECD measurement: The HCB and other OCPs were analyzed by GC-ECD using a HP5890
SERIES H (Agilent) equipped with a capillary DB-5.625 column (30 m x 0.25 mm i.d., film
thickness 0.25 pm) in the splitless injection mode (1 pl). The GC program was as follows: 70 °C (1
min} to 150 °C (0 min) at 20 °C/min and subsequently at 3 °C /min to 270 °C, then maintained for
10 min at 270 °C. The injector temperature was 200°C and the detector temperature was held at
300°C. The quantification of the OCPs was carried out using the absolute standard curve method.

Resuits and Discussion

Behavior of HCB and other OCPs in preprocessing process of dioxin analysis: The behavior of
the HCB and other OCPs in each column chromatography was examined. In the silica-ge! column,
the HCB and most of OCPs were eluted in the first fraction (hexane 120mL) except heptachlor
epoxide, 8-HCH and a part of B-HCH. The heptachlor epoxide and 8-HCH besides B-HCH of the
remainder were eluted in the second fraction {10% DCM/hexane 60mL). In the alumina column,
HCB, o,p-DDE and p,p"-DDE were eluted in the first fraction 2% DCM/hexane, 60mL). However,
the other OCPs excluding B-HCH were eluted neither in the first fraction nor in the second fraction
{60% DCM/hexane 100mL). On the other hand, in the activated carbon silica-gel column, all the
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OCPs were eluted in 25%DCM/hexane 60mL. From the above-mentioned results, the fractionation
of HCB and other OCPs was shown in the flowchart of Fig.1. The HCB and some pesticides such
as 0,p-DDE, p,p"-DDE, heptachlor epoxide, p-HCH and 8-HCH were found to have the possibility
to construct a systematic analysis with dioxins using the preprocessing of dioxin analysis. In the
present study, HCB, heptachlor epoxide and p-HCH were determined.

Recovery study: The bovine milk samples fortified at a level of 10 ng/g each of HCB, heptachtor
epoxide and B-HCH were used for the recovery study. The overall mean recoveries were 60.3 —
70.5 % and the standard deviations (SD) were less than 9%. The f-HCH was calculated by the
summation of the recovery from a silica-gel column and an activated carbon silica-gel column as
shown in Fig.1.

Investigation of HCB pollution level in human milk: In Table 1, there are summarized levels of
OCPs determined in our study concerned with the examination of the set of 100 human milk
samples. The residual level of HCB was 4.1 — 91.8 ng/g fat (mean; 33.9 ng/g fat). The heptachlor
epoxide and B-HCH were also found in all of the samples, These data suggested that the human
milk had been polluted by these persistent organochlorine contaminants,
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I Sample I

v
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| H.SO, treatment B

I Silica-gel column chromatography ]

Hexane 120 mL
10% DCM/hexane 60 mL

|

PCDD/Fs, PCBs, HCB. DDTs, o-HCH, Heptachlor epoxide,

y-HCH, Heptachlor, B-HCH' §-HCH, p-HCH'
¥
I Alumina column chromatography |
2% DCM/hexane 60 mL
60% DCM/hexane 100mL : l
HCB, o.p’-DDE,
‘ PCDD/Fs. Co-PCBs. p-HCH' | p.p'-DDE, PCBs
\
IActivatcd carbon slica-gel column chromatography I IL!'.J ECD-GC |
25% DCM/hexane 60 mL
Toluene 100 mL j
| PCDD/Fs, Co-PCBs | |  pHCH |
HRGC/HRMS I""l‘l ECD-GC I

Fig. 1, Flowchart of systematic analysis of dioxins and hexachlorobenzene in human milk

Table 1. Residual concentration of HCB, heptachlor epoxide

and §-HCH
Peticide Mean Min Max SD
{ng/g fat; n=100)
HCB 33.9 4.1 91.8 162
Heptachlor epoxide 7.4 1.4 221 4.0
B-HCH 62.7 8.1 6103 80.8
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Correlation analysis: The Pearson's correlation coefficients among the residue levels of OCPs and
each isomer of the dioxin in human milk were examined with the data of 100 samples. The HCB
showed a significant positive correlation (p < 0.01) with most of the dioxin isomers. On the other
hand, heptachlor epoxide and 3-HCH showed a poor correlation with the dioxin isomers. In
addition, more significant positive correlations were found for the HCB and the dioxin isomers
with a high TEF such as 2,3,7,8-TCDD, 1,2,3,7,8-PeCDD and 2,3,4,7,8-PeCDF. These results
suggest that the behavior of the exposure root and the cumulative exposure to the human body
throughout the lifetime by HCB was assumed to be similar to those of the dioxins.

Overall toxicity evaluation of dioxins and HCB: According to a recent study® the binding
activity to the Ah receptor of HCB, it is said that the toxicity equivalency factor (TEF) of HCB
corresponds to 0.0001. This value is as low as OCDD and OCDF. However, so far it is reported
that the contaminated level of HCB is higher than that of the dioxins in human milk. When the
HCB toxicity was calculated using the TEF (0.0001), the TEQ of HCB in human milk yielded 0.41-
9.2pg TEQ/g fat (Mean value:3.4 pg TEQ/g fat, n=100) (Table 2). It yielded an increase of about
16% (average value} when these results were summed with the TEQ (calculated using 1-TEF) of
dioxins. Because the mono-ortho-PCBs were not determined in the dioxin analysis at this time, the
total TEQ in the WHO-TEF(1998) was calculated using the guessing value (it was assumed that the
TEQ mono-ortho-PCBs accounted for about 13% of total TEQ by WHO-TEF). As a result, the
increase in TEQ by HCB became about 12%.These data were almost in the same range as those
reported in the literature’, which described that HCB could add 10 - 60 % total TEQ in human milk
samples. On the basis of these results, it was understood that evaluating the overall toxicity by
adding HCB was necessary for the dioxin toxicity evaluation in human milk.

Table 2. Increase of dioxin toxicity (TEQ) in human milk when including HCB toxicity

Toxicity {pg TEQ/g fat) Increasing rate
HCB 34
Dioxins (I-TEF) 21.8
Dioxins (WHO-TEF 1998)" 28.5
HCB + Dioxins (I-TEF) 232 116%
HCB + Dioxins (WHO-TEF 1998) 31.9 112%

* [MAverage of 100 human milk samples
**[JThe data of mono-ortho PCBs was calculated using presumed value (13% of Total TEQ).
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Introduction

Food intake is the main route of human dioxin exposure, making the
determination of dioxins in food indispensable for risk assessment and risk
management of dioxins. The uncertainty of analytical results, however, can be very
great because of the low concentration of the analytes and complicated cleanup
procedures. The risk assessment of dioxins based on analytical results also suffers
from a similar degree of uncertainty. The Ministry of Health, Labor and Welfare of
Japan has published “Guideline for the Determination of Dioxins in Food” to
standardize the analytical procedures. The guideline contains the quality assurance
procedures to obtain reliable analytical results and recommends participation in the
relevant proficiency testing scheme. The proficiency testing provides the fair
evaluation of the analytical results. The central science laboratory in England and
the food and drug safety center in Japan offer the proficiency testing on food. The
National Institute of Health Sciences of Japan (NIHS) also has carried out
proficiency testing of dioxins in food since 1998 to assure the quality of analytical
results for dioxins. In this presentation we will show the results of 5 rounds of
proficiency testing.

Methods and Materials
Samples The samples used in the proficiency testing are listed in Table 1. Table 1
also shows the number of participants and the TEQ of each sample.

BCR CRM607 and BCR RM 534 were prepared by the European
Commission’s Institute for Reference Materials and Measurements. Eleven certified
value for PCDDs and PCDFs were given to CRM607. Eleven values were assigned
for PCDDs and PCDFs in RM534 although not certified. CARP-1 was prepared by
the National Research Council of Canada. Eighteen concentrations are certified,
including PCBs. The custom-prepared standard solutions containing native PCDDs,
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PCDFs and PCBs were prepared by Wellington Laboratories (Canada).

Other samples (freeze-dried fish and freeze-dried spinach) were prepared by
the Japan Food Research Laboratories. The homogeneity of the samples was
verified by the Japan Food Research Laboratories and the NIHS.

Analytical methods All participants determined dioxins by HRGC/HRMS as
stipulated in the “Guideline for the Determination of Dioxins in Food”.

Statistical analysis The mean and the standard deviation (SD) of the concentrations
reported for each compound from the participants were calculated. There was the
possibility of outlyers, but the application of tests for outlyers such as the Grubbs
test was not advisable due to the small number of participants. The robust mean and
the robust SD were then calculated using algorithm A, The RSDs of TEQ in Table
1 were calculated from the robust mean and the robust SD. Examples of the
statistical results are shown in Table 2. One participant reported a very high
concentration of OCDD. This outlying high value lead to the high mean (2.85 pg/g)
and the large SD (6.33 pg/g). The robust mean and SD of the same data were 0.67
pg/g and 0.25 pg/g, respectively, after the effect of the outlyer was eliminated. The
z-Score of each participant was calculated using the robust mean and robust SD.
The techniques of participants who gave a z-score of more than 3 or less than -3
were regarded as unsatisfactory, and review of their analytical procedures was
recommended.

Results and Discussion

Year 1998 A CRM was used to verify the trueness of the results. The participants
used the same standard solution, provided by the NIHS. The mean values of the
results reported for two isomers were out of the confidence intervals of the certified
values. All the results reported by two participants fell within the 95% confidence
interval of the certified value. The other 4 participants reported results outside the
95% confidence interval but *the number of the outlying results was only 1-3.
Reproducibility calculated from the 6 participants was 2.8-48 % RSD for each
isomer and 6.6 % RSD for total TEQ.

Year 1999 The same CRM was used to compare the results with those in 1998.
Many reports suggested that fish is the main route of dioxin intake, making the

reliability of analysis of dioxins in fish crucial’>. CARP-1 was then included in the
proficiency testing. One plausible reason for poor reproducibility was the difference
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among the standard solutions used by the participants. Mixed standard solutions of
PCDDs, PCDFs and PCBs were used to estimate the variation in standard solutions
among the participants.

For 6 isomers, the mean of participants was outside the confidence intervals
of the certified values. The reproducibility for CRM607 (TEQ) was 11% RSD and
larger than that in 1998. The decline in analytical performance probably arose from
the difference between standard solutions. In 1998, all participants performed the
determinations using the same standard solution. In 1999, each participant used
their own standard solution. The number of participants increased to 15 in 1999,
and inexperienced laboratories were included. This explains the increase in RSD.

The difference in the mean of the reported value for the mixed standard
solution sample and the stated concentration was below 10%. The reproducibility of
the standard solution sample was 8-15 RSD %. Bavel reported the RSDs of reported
values of participants in proficiency testing in which a standard solution was used”.
The RSDs after removing the outlyers were, with one exception, 10-17%. These
results are similar to ours. The analysis of the solution required no cleanup
procedure and the results were expected to represent the variability of the standard
solutions of participants. According to the manufacturer’s statement, the range of
standard solution concentration is + 5%, corresponding to an RSD of 2.9%. The
higher reproducibility suggested other causes, such as the change in the
concentration of the internal standards due to unsuitable storage conditions.

The mean of the reported values for CARP-1 was within the confidence
interval of the certified value. The reproducibility of TEQ was 8.0% RSD. The TEQ
of CARP-1 was 79 pg/g and was fairly large compared with the CRM607 (3.3). The
large TEQ of CARP-1 led to its small reproducibility RSD.

Year 2000 Another RM and a standard solution with different isomer
concentrations were used. The mean of the reported value for the RM was lower
than the reference value for all compounds with reference values. The
reproducibility of RM534 (TEQ) was 18% RSD. The reason for this poor
reproducibility was not clear. The bias and reproducibility of the mixed standard
solution sample were comparable to those in 1999. Differences in the standard
solution used by the participants could not explain the large negative bias or large
RSD.
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Year 2001 As mentioned above, dioxin intake from marine fish is of great concern,
and the use was requested of samples from wild polluted marine fish. The TEQ of
CARP-1 is higher than that of wild fish, so it did not seem appropriate for
proficiency testing aiming at the assurance of quality for analysis of common foods.
Because no appropriate samples made of marine fish were available, we attempted
the preparation of our own samples. Since 1998, no vegetable samples had been
used in the proficiency testing, in spite of public concern about the contamination of
leaf vegetables by dioxins.* For assurance of the performance of the vegetable
analysis, a sample made of spinach was also prepared. Both samples were
confirmed to be homogeneous and were thus suitable for proficiency testing. The
reproducibilities of TEQ for the fish sample and spinach sample were 10% and
30%, respectively. The TEQ of the spinach sample was quite low (0.34 pg/g) at
1/20 of that of the fish sample. The large RSD was not extraordinary taking the low
TEQ into consideration.

Year 2002 Another marine fish sample was prepared from grey mullet. Grey mullet
contain more fat than sea bass and require further cleanup procedures. The results
are likely to represent the actual analytical performance. The reproducibility was
7.1% RSD and comparable to the result of CARP-1.

The results of 5 rounds of proficiency testing revealed several problems with the
determination of dioxins in foods. The variability of the standard solution is of
major importance. Periodical confirmation of the validity of the standard by the use
of CRM or by participation in proficiency testing is strongly recommended.

Although the TEQ of sea bass or grey mullet samples was about 1/10 of that
of CARP-1, the reproducibility RSDs were comparable. These results show that
repeated participation in proficiency testing improves the analytical skills of the
laboratories. It is clear that for proficiency testing, the use of samples representing
actual foods is preferable. Our attempted production of samples led to sufficiently
homogeneous samples of fish and vegetables that could be prepared by freeze-
drying. This technique opens the possibility of preparing samples from a variety of
foods, leading to enhanced the effectiveness of proficiency testing.
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Table 1 Samples used in the proficiency testing and their reproducibility

TR Y
Year No of Samples Q  Reproducibility
Participants (pg/e) RS5D%
1998 6 BCR CRM607 spray-dried milk 3.3 6.6
1999 15 BCR CRM607 spray-dried milk 3.6 11
CARP-1 homogenized fish 79 8.0
Nonane solution of standards 23 8.7
2000 10 BCR RM534 spray-dried milk 46 18
Nonane solution of standards 16 2.0
2001 9 Seabass  freeze-dried 6.1 11
Spinach freeze-dried 0.32 31
2002 8 Grey mullet freeze-dried 7.3 71
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Table 2 Results of proficiency testing in 2001 Sample: Sea bass

Analyte Normal statistics Robust statistics
max (pg/g) min (pg/e) Imean (pa/e) SD {pg/ RSD (%) Imean (pg/g) SD RSD (%

2,3,7,80TCDD 0.31 0.18 0.24 0.05 19 0.24 (.05 22
1,2,3,7.8JFeCDD 1.08 0.70 0.84 0.13 i5 0.84 0.13 16
1,2,3,4,7,8OHxCDD 028 0.12 0.18 0.05 28 017 0.04 25
1,2,3,6,7.80HXCDD 0.63 0.46 0.55 0.06 12 0.55 007 13
£,2,3,7.8,90HxCDD 013 .07 0.09 0.02 24 0.09 0.03 28
1,2,3,4,6,7,8O04pCDD 0.70 0.20 0.33 0.16 48 0.29 008 26
.obee 18.50 0.37 285 6.33 22 0.67 0.25 38
2,3,7.80TCDF 1.93 1.27 1.50 0.22 15 1.49 0.22 15
1,2,3,7,80%eCDF 0.69 0.34 0.46 0.12 26 0.45 012 26
2,3,4,7.8OReCDF 249 1.5t 1.87 0.28 15 1.84 0.22 12
1,2,3,4,7, 80HxCDF 0.35 0.14 0.20 0.07 35 0.18 0.04 20
1,2,3,6,7,8 OHxCDF 019 0.14 017 0.02 14 0.17 0.03 16

1,2,3,7.8,90MxCDF 1.04 - - - - - - -
2,3.4,6,7,8OHxCDF 0.33 0.26 0.30 0.03 9 0.30 .03 0
1,2,3,4,6,7,8(1HpCDF 0.57 0.06 0.19 017 92 0.14 0.06 45
1,2,3,4,7,8,90O0pCDF 0.14 0.0l 0.07 0.05 77 0.07 0.06 87
nbce 0.29 0.01 0.1% 0.11 61 0.18 0.13 69
3,3'.44'0TCB 755 43.7 53.7 98 18 5248 802 15
344 50TCB 13 169 243 0.53 22 2.43 0.60 25
3,3,4,4.50peCB 38.7 20.7 300 54 18 300 6.0 20
3,3.4.4,550HxCB 146 0.4 112 18 16 11.10 1.71 15
2,3,3.4,40FCB 1180 827 983 106 1 97% 112 11
2,3,4,4.5 1F:CB 1347 510 719 232 30 73.7 12.1 16
2,344 501F<CB 3589 2741 3214 310 10 3214 351 11
2'.34.4.50FCB 739 332 47.4 12.5 26 46.1 1.0 24
2,3,3,4,4,50HxCB 491 391 435 35 8 435 39 9
2,3,3,4,4,50HxCB 140 97 114 14 12 1132 144 13
2,3'4.4,550HxCB 246 205 221 16 7 221 18 8
2,3.3'4.4 5 5OpCB 61.7 455 549 4.7 9 55.2 46 8
TEQ 6.90 519 6.19 0.60 10 6.19 0.68 11
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Introduction

Polychlorinated dibenzo-p-dioxins and dibenzofurans (PCDD/Fs) arc organochlorinated pollutants
found in various environmental matrices. These compounds are known to be bioaccumulative
exhibiting a vatiety of toxic effects including tumor promotion, immunotoxicity, reproductive
toxicity and endocrine disruption. In consequence PCDD/Fs are recognized as a potential threat to
human bealth 2nd to be a serious ecological issue.

High-resolution gas chromatography/high-resolution mass spectrometry (HRGC/HRMS) has
conventionally been used for detection of PCDD/Fs because of the advantages of separating the
numerous congeners and simultaneous quantification of each component with reasonable accuracy
and precision. However, the HRGC/HRMS procedures require time-consuming and expensive
pretrcatmcni method to extract a trace amount of the target compounds.

Thus, several rapid and hi gh-throughput bioanalytical methods, involving enzyme-linked
immunosorbent assay (ELISA)*® and AhR-dependent assay"~, have recently been developed.
These procedures could be much more feasible, cheaper and suitable for routine monitoring of
potential toxicity due to PCDD/Fs in various samples with a reasonably low detection limit.
However, a proper sample pretreatment is still necessary to avoid interference particularly due to
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lipophilic substance: that masks the target compounds and prohibit to be bound by antibody or
receptor.

In this study, we established simple, rapid and inexpensive purification procedures for an ELISA
of PCDD/Fs using a solid phase extraction (SPE) cartridge, Wakogel P-25. Morcover, we
attempted to develop an immunoaffinity extraction method that could allow even simpler and
faster pretreatment for bioanalyses of PCDD/Fs. To achieve this aim, previously penerated
monoclonal antibodies, whose cross-teactivily to dioxin congeners was comesponding to the toxic
equivalence factors (TEF), were employed for preparing immunosorbent.

Materials and Methods

1. Chemicals

PCDD/Fs congeners were purchased from Wellington Laboratories. SPE cartridges, Wakogel P-29
and abselut NEXUS, were purchased from Wako Pure Chemicals and Varian, respectively.

Cyanogen bromide (CNBr)-activated Sepharose 4FF was obtained from Amersham Pharmacia
Biotech, and Affi-Gel 10 was t:rom Bio-Lad.

2. Clean-up Procedure for ELISA

Fat was saponified with 1 mol/L KOH and extracted with n-hexane. The organic layer was washed
with H,SO, until the sulfuric acid layer had become to be clear. The extract was loaded to Wakogel
P-29 cartridges, which were washed with n-hexane and then eluted with hexane/benzene (3:1).
After addition of Triton X-100 (0.1% in MeOH; 25 L) to the effluent, the solvent was evaporated
and the residue was dissolved in PBS, then the following ELISA performed.

3. ELISA

The ELISA was carried out using monoclonal antibody D9-36 as described previously®. Briefly,
horseradish peroxidase-labeled hapten, the monoclonal antibody and standard dioxin or the sample
prepared as above were added to the second antibody-coated wells in a 96-well microtiter plate.
After overnight incubation at 4°C, the wells were washed with PBS, and the bound enzyme
activity was measured using H,O, and o-phenylenediamine as a substrate.

4. Preparation of Immunosorbent and Affinity Column

A solutjon of the IgG fraction (monoclonal antibody D2-37, D9-36 or D35-42)* was added to the
CNBr-activated Sepharose 4FF or Affi-Gel 10. Afier gentle stirring of the mixture overnight at
4°C, remaining reactive groups of the gel were blocked by addition of 0.1 mol/L Tris-HCI buffer
(pH 8.0). Then the gel was washed serially with 0.1 mol/L. acetate buffer (pH 4.0), 95% MeOH,
water and PBS, and a portion of the resulting gel (1 mL) was packed i nto a disposable column.
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5. Immunoaffinity Extraction-Based Pretreatment

Fat specimen was treated as described above, and the residue was dissolved in PBS and applied to
the immunoaffinity column. After washing serially with PBS, water and 10% MeOH, PCDD/Fs
were eluted with 95% MeOH.  This fraction was diluted with water to reduce the MeOH
concentration to be less than 60%, added to the NEXUS cartridge and washed with 90% MeOH.
Then PCDD/Fs fraction was eluted with acetone, and submitted to the ELISA.

6. GC/MS Measurement

After purification by Wakogel P-29, PCDD/Fs in the purified extract were determined by
HRGC/HRMS on a Hewlett Packard 5890-1I gas chromatograph-JEOL JMS-700 (Mstation})
mass spectrometer at aresolution of R=10000 in the selected ionmonitoring mode (SIM).

The HRGC/HRMS conditions were as follows: column, Supelco 2331 60 m x 0.25 mm i.d.
0.25 £m thickness; column temperatureprogram, 130°C (2 min), 130-200°C at 15°C/min,
200-260°C at 3°C/min, 260°C (30 min); carrier gas, He; column head pressure, 168 Kpa;
injection temperature, 270°C; injection volume, 2 &L (splitless). The MS conditions:
detection mode, EI; ion source temperature, 270°C; ionizing current, 600 LtA; ionizing
energy, 38 eV; accelerating voltage, 10KV. The results were corrected for the recovery of
13Cu-labeled internal standards.

Results and Discussion

Saponification of the fat with KOH and washing with H,SO, were essential for developing
clean-up procedures of dioxins.  After the purification of the extract using Wakogel P-29
cartridge, we could obtain reasonable assay values for PCDD/Fs using the ELISA, which were in
good correlation with the values obtained with the GC/MS procedure (fig.1). Recoveries of
23,7,8-TCDD, 1,2,3,7,8-PeCDD and 2,3,4,7,8-PeCDF through the clean-up procedure
(determined by the GC/MS) were 64%, 75% and 85%, respectively. In the case of the
immunoaffinity extraction-based pretreatment, the recovery of 2,3,7,8-TCDD from fat sample
(measured by the ELISA) was about 70%.

Conclusion

It has been shown that the present clean-up procedure using Wakogel P-29 is useful for developing
an ELISA system which is available as a simple, rapid and inexpensive method for screening and

monitoring of PCDD/Fs. The immunoaffinity extraction using monoclonal antibodies equi pping
high affinity to toxic dioxin congeners is expected to be a novel pretreatment procedure that is
available not only for ELISAs but also for the AhR-dependent assays.
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