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Introduction

The study was aimed to establish the Micro-EROD bioassay for the determination of 2,3,7,8-
TCDD induction equivalents (IEQs) in comparison to those by chemically analysed I-TEQ in
samples from different municipal waste incinerators in Germany and Japan. During the past
decade several studies demonstrated the utility of a chemical (HRGC/HRMS) and biological
(bioassays/biomarkers) control of waste recycling processes like pyrolysis or thermal treatment
(Table 1)""'2. The here listed literature review of the comparison between by biochemical (EROD,
AHH, CALUX, Ah receptor assay) and chemical analysis (HRGC/HRMS) detected dioxin

induction/toxic equivalents (IEQ/TEQ) resulted in Ry values (ratio between IEQ and I-TEQ) for

Table 1: Chemical and bioassay analysis and their ratio Ry, of waste incinerator related samples

Sample Bioassay Chemical Bioassays Ratio Ry
analysis

1) Fly ashes (MWL, n=2)° | Micro-EROD/ H4IIE | 264/416 450/705 1.71.7

2) Emission (PA, n=8)° [ Micro-EROD (H4IIE) [0.32-14.7 1.6-100 4.7(1.7-8.2)

3) Filter dust (PA, n=8)’ _[Micro-EROD (H4IIE) |0.23-1.6 0.51-2.1 2.7 (1.7-3.7)

4) Filter dust (MWI, n=3)° | Micro-EROD (H41IE) |651-1645 735-2015 1.1-1.2

5) Emission (W], n=2)° | Micro-EROD (H4IIE) |0.35/5.74 3.2/10.4 9.1/1.8

6) Fly ashes (MWI, n=6)' | EROD (H4IIE) 0.45-11.5 0.66-49.5 2.6(1.14.3)

7) Fly ashes (MWI, n=2)' [ EROD (HA4IIE) 0.12/6.4 0.38/24.3 3.2/3.8

8) Fly ash (C, nr )’ EROD (H4IIE) 0.48 1.12 2.3

9) Fly ash (WI, n=3)’ EROD (H4IIE) 0.28-1.86 10.3-23.3 25 (13-39)

10) Fly ash (NMRF, nr)’ | EROD (HAIIE) 13-26 35-280 2.2-10.7

11) Emission (IB, n=3)"* [ CALUX (mouse) 3.8/0.78/3.9 113.7/2.8/14.1 [3.6

12) Fly ash (MWI, n=2)"" | Ah receptor assay 0.4/110 3/240 2.2/7.5

13) Fly ash (MWL, n=1)" | EROD/EIA 12 22/12 1.8/1

14) Fly ash (MWL, n=1)° | AHH (H4IIE) 75 105 1.4

[Municipal waste incinerator (MWI); Plant utilising secondary aluminium (PA); Domestic wood incinerator (WI);
Crematorium (C ), Noble metal recycling facility (NMRF); Industrial boiler (IB); nr — not reported]
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fly ashes from municipal waste incinerator samples (1-7.5) and emission samples (1.7-9.1), which
indicated that the sum of dioxin-like toxicity (including also unknown dioxin-like compounds)
analysed by various bioassays did not exceed an one order of magnitude compared with the I-
TEQ.

Methods and Materials

Fifteen samples from two municipal waste incinerators from Kawasaki Giken and one validation
flyash from GSF (Neuherberg-Munich, Germany) have been analysed for PCDDs/PCDFs,
coplanar PCBs, sum of PAHs and sum of PCNs by HRGC/HRMS (EPA Method 1613 and 23)
and Micro-EROD. For the Micro-EROD test 4 g (GSF-sample) and 6.25 g flyash (Kawasaki
Giken sample) or 242-825 NL of combustion gas was pre-treated with/without chloride acid and
extracted by toluene (16 h). The extracted samples of GSF were cleaned up by a sandwich column
(1g Na,;S0,, 5g Si02/10% AgNO;, 5g Si0,/22% H,S04, 4g SiO,/44% H,S0;, 3g Si02/2%KOH,
2.2g SiO,; elution with 200 ml n-hexane) and an alumina column (14 g, 1*-fraction: 80 ml
hexane/dichloromethane 98:2 and 2"-fraction: 150 ml hexane/dichloromethane 1:1). The eluate
was evaporated to 5 mi, than 50 pul DMSO/Isopropanol (4:1) was added and reduced to 50 ul by
slowly passing nitrogen over the sample and finally diluted into medium (0.05%). The extracted
samples from Kawasaki Giken, have been prepared for the Micro-EROD assay, by a simple silica
gel column clean up step (activated Silicagel 60 from Merkh, 3 g, elution with 200 ml n-hexane).
In this fraction all PCBs, PCDDs/PCDFs, PAHs and PCN were eluted, evaporated, carefully
reduced by N stream to the earlier injected 50 pl DMSO/Isopropanol (4:1), diluted into medium
(0.05%) and finally analysed by Micro-EROD bioassay. The Micro-EROD bioassay with rat
hepatoma H4IIEC3/T cells [principles: a.) TCDD and the sample were simultaneously analysed in
min. 5 doses by a 96 well plate-reading spectrofluorometer in comparison to a blank sample; b.)
fluorescent-based protein assay; c.) data analysis by comparison of the linear range between
TCDD and sample; d.) each concentration was analysed min. n=3 times in at least 3 independent
experiments) were performed as described by Schramm and co-workers (1998/1999)*,

Results and Discussion

For a international validation study with the group of GSF (Germany) we analysed at first a fly
ash from a municipal waste incinerator in Munich. The flyash was with (A) and without (B)
hydrochloric acid pre-treatment extracted and further cleaned up, which resulted in a one
magnitude difference in the I-TEQs analysed by GC/MS and in the IEQs determined by Micro-
EROD bioassay (all data in ng TEQ/g): GC/MS: Flyash A= PCDD/F: 43.0 (our study) and 47.7
(GSF); PCB: 0.79 (our study) and 0.28 (GSF); Flyash B= PCDD/F: 5.1 (our study) and 4.8
(GSF); PCB: 0.2 (our study). Micro EROQD bioassay (n=35): Flyash A= our study 51.3 ; B) Flyash
B= our study 5.11. A IEQ/I-TEQ-ratio of 1.2 and 1.0 for the flyash pre-treated with HCI or
without HCI, respectively showed that chemical and biochemical analysis data are comparable.
After the validation study 15 samples from municipal waste incinerators in Japan were
determined by HRGC/HRMS (for PCDD/PCDF, coplanar PCBs, Benzo[b}jfluoanthrene, sum of
PAHs, hexa-PCN and sum of PCNs) and Micro-EROD bioassay (see Table 2 and Graph 1). The
dioxin-like PCB contributed for maximal 14% (gas: mean 3.1%, n=8; ash/slag: mean 4.6%; n=7)
of the I-TEQ, indicating the importance of dioxins for the I-TEQ in combustion gas and fly ashes
of these municipal waste incinerators. The Ry, and the correlation factor in this study were
calculated for the combustion gas (mean 2.6; 1.1-5.6; n=8; = 0.95) and fly ash (mean 2.3; 0.82-
4.1; r*= 0.98) and demonstrated the utility of the Micro-EROD bioassay for monitoring and as
strategy for characterising potential environmental dioxin-like compounds
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Graph 1: Comparison between the I-TEQ (analysed by HRGC/HRMS) and the

1EQ (amlysed by Micro-EROD) for _

a) @mbustion gas {eftside, ample Nr. 18) and
20  b) fy ash (tight side,sample N. 9-15)
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The here also reviewed literature study showed similar Ry, values (analysed by EROD/AHH
assay with H4IIE cells) for municipal waste incinerator samples (mean 2.0, range 1.1-4.3, n=15).
The level of dioxins contained in slag from melting processes and bottom ashes from incineration
processes are lower by 1 ~ 2 orders of magnitude than that in fly ash. When the I-TEQ was at ppt
level, the IEQ analysed by Micro-EROD was below the lowest detection level. This study
indicated a strong relationship between dioxin-TEQ analysed by chemical analysis and the sum of
dioxin-IEQ detected by Micro-EROD bioassay. It also leads to the suggestion that the here also
analysed PAHs and PCNs didn’t contribute more then one magnitude to the sum of dioxin-like
toxicity in the here analysed combustion gas and fly ash samples from two municipal waste
incinerators.
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