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Introduction 

When estimating human exposure to dioxin and dioxin like compounds, it is sufficient to consider "Air 

(aspiration)", "Soil (oral, skin contact)", "Food (oral)" as routes of intake. Of these intake routes, it was 

reported (Environmental Agency Japan, 1998) that greater than 90% is from "Food (oral)", making it 

important to obtain accurate information regarding the concentration of dioxins in various foods upon which 

human exposure can be assessed. Currently, methods for analysis of dioxins in food and food products have 

been reported but this describes the concentrations in agricultural products, meat products, etc. separately. 

In order to shed addifional light on dioxin intake from food, the Market Basket M êthod and Duplicate Service 

Method can be considered. In the Markel Basket Method, it is necessary to obtain dala from each food and 

food materials. However, tiie number of foods tiiat we consume is expanding and a large amount of labor is 

required to determine tiie concentration of dioxins in each food type separately, [n addition, in obtaining data 

on dioxins contained in foods otiier tiian tiiose tiiat have already been detennined to be high, tiiere are 

problems such as die sample volume values must be increased in order to ajsay accurately witJi current 

technology. On the other hand, with the Duplicate Service Method, tiie foods actually consumed are collected 

and analyzed. This metiiod is superior in tiiat intake data is evaluated based on tiie foods actually eaten. 

However, with the Duplicate Service Metfiod otiier obstacles arise. For example, (A.) there are a wide 

variety of components such as grains, vegetables, and meats; (B) high water content; (C) samples from low 

concentration areas musl be analyzed. Therefore a new pretreatment/sample work-up metiiod becomes 

necessary. In tiie present paper, autiiors present tiie Duplicate Service Metiiod for dioxin analysis, and 

compare tiiese results to results obtained using tiie Market Basket Metiiod. 

Objective LOD and Sample Size 

In food samples tiiere are many target compounds below LOD (Limit of Detection), and tiiere are cases 

where the evaluated toxic equivalent is excessively high or low and therefore, lower LOD's is necessary. To 

date, the reported estimated human intake of dioxins from food is estimated us low pg-TEQ/kg/day level. 
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For example, "Daily Exposure to Dioxins from Food Intake" was determined lo be 2.25pg/kg/day based 

on 50 kg body weight (Ministry of Health Japan, 1998). Back-calculating from these values, indicates it 

is necessary to assay in the 0.001 pg/g range for TeCDD/F, PeCDD/F. Considering dioxin concentration 

in samples for GC-MS analysis, it is estimated that a starting sample weight of 1000-1500g would be 

needed. 

Method 

Food samples were collected in containers washed wilh organic solvents. Samples of each meal were 

homogenized, and after mixing according to proportions, spiked witii inlemal standards (cleanup-spike) and 

re-homogenized. For samples where lack of water made homogenization difficult, waler was added during 

homogenization. Mixed samples were separated to supernatant and precipitant in a refrigerated cenfrifiiged 

(4500rpm, 30min., 20 degree C) The appropriate amount of 2N-NaOH-etiianol was added and allowed to 

stand over night. After alkali was added samples are allowed to stand, but it has been shown tiiat 

de-chlorination of OCDF can occur if allowed to stand for long periods, so samples were not allowed to stand 

for more tiian one day. Precipitant was tiwisferted to a glass petry dish and tiie centriftige hibe rinsed 

thoroughly with dichloromethane. This was also included with the sample. The petry dish was covered with 

aluminum foil, and sealed into two polyetiiylene bags. After freezing, samples were freeze dried in a large 

desiccator After centrifugation, liquid/liquid extraction was performed on tiie supematant using hexane (3 

times for 10 min.) The freeze-dried precipitant was mixed witii sodium sulfate anhydride, and soxhlet 

extraction perfomied with toluene over 24 hours (124mm ID extraction column. After exfraction, soxhlet 

elute was reduced in a vacuum witii a rotary evaporator This extract and the supernatant extract were 

combined. After adding hexane, sample clean up was performed witii sodium sulfate pre-freatment, 

multilayer silica gel, and activated carbon columns. Obtained eluanl was concenfrated using a rotary 

evaporator Finally, inlemal standards (syringe-spike), were added, a final volume of 30 pL obtained, and 

assayed on HRGC/HRMS (HRGC ; HP model 6890 series GC system, HRMS; Micromass, 

AutoSpec-Ultima). Because high sensitivity and low S/N ratio are required BPX5 (SGE), BPX50 (SGE), 

HTS (SGE), RH-5ms (INVENTX), and RH-I7ms (INVENTX) were used. All pre-analysis sample worioip 

was performed in a clean room and all solvents purified (sub-boiling) in a clean room prior to use. 

Results 

Examples of analytical results are shown in Table I. In the present sludy a comparison of resulls from the 

analysis a 1500 g sample and resulls based on limits of detection for an assumed sample weight of 100 g 

sample are shown. In comparing botii metiiods, detected compounds were lower in the case of tiie 100 g 

sample because of higher detection limits. Comparing tiie daily intake calculated from only the concentration 

of compounds and tiie calculated maximum toxicity using 1/2 tiie limit of detection value, il is difficult to say 

tiiere is a large difference or that accurate quantitation was achieved. On one hand, witii tiie 1500 g sample 

analysis of low-level samples was possible and there was little difference between maximum estimated 

exposure, so it can be said tiiat accurate data was obtained. 
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Results fix)m samples of a mixfrire of more tiian 3-days of meals (food and drink included) are shown in A 

and B of Table 2. Before mixing samples, foods were divided into 14 groups by type and weighed. As a 

reference, based on tiie weight ratio for each food group and intake using existing dioxin concentration data 

for each group, tiie inlake fixim each food group was calculated. In tiie Table, tiiere is a difference between tiie 

Market Basket and Duplicate Service results for lolal food, but tiiis is becausi; Group 14 (drinking waler) 

sample intake was not reported in tiie Market Basket Metiiod. Body weights in botii A and B were calculated 

as 60 kg, WHO-TEF's (1998) were used for botii PCDD's/PCDFs and Co-PCB';;. 

There is a large difference in between tiie (1K3) of A and B in the calculated infake using tiie Market Basket 

Metiiod. Values were decided based on limils of detection, so cases where intake was large from fotxl groups 

witii lower dioxin concentration, tiie difference increased. In tiie Duplicate Service Metiiod it was possible to 

quatilate at a lovv concentration, so there was not a large difference in (l)-(3), and no intake quantities were 

judged to be too small or too large. 

Table2. Comparison of Markel Basket (MB) and Duplicate Service (DS) metiiod. 
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Tablel. An example of results. 
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