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Introduction

In Japan, the control standards for dioxins (PCDDs, PCDFs and Co-PCBs) in the emission gas, fly
and bottom ashes from waste incinerators have been defined in the Law Concerning Special
Measures against Dioxins (Dioxins Law)’. Based on the Dioxins law, an installation personnel of
waste incinerators of specified facilities shall measure dioxins in the emission gas and fly and
bottom ashes more than once every year followed by reporting the results to their prefectural
governor. The present regulating procedure has been set to use high-resolution gas
chromatography/ high-resolution mass spectrometry (HRGC/HRMS, hereafter GC/MS) systems to
determine dioxin-concentrations. However, the GC/MS measurements are often money- and time-
consuming, since they need complicated steps for sample preparation, expensive equipments and
highly skilled technicians. Therefore, it is of high priority to develop rapid and economical
alternative methods to measure dioxins. Recently, various assays using biological reactions have
drawn a high degree of attention as a candidate for alternative measurement methods of dioxins®*.
During the past decade several studies demonstrated the utility of a chemica (GC/MS) and
biological (bioassays/biomarkers) control of waste thermal recycling processes like pyrolysis or
incineration treatment™. In this paper, we report the results of our recent examinations on the
possibility to apply various bioassays to supplementary methods for the present procedure.

Methods and Materials

Eleven out of the 13 bioassay methods (applied from the public) were tested as practica methods.
Each applicant carried out their assay methods (classified as described in Tablel1) to measure
concentrations of dioxins in common samples, which include three standards made of dioxins
reagents, four samples of flue gas extracts, five fly ash samples (one ash sample and four ash
extracts), and four bottom ash extract samples. These samples were analyzed in paralel by the
standard GC/MS method. The source and the toxic equivalent (TEQ) value of these samples are
listed in Table 2. Since the concentration of dioxins in Sample 2E, 2G, and 2H turned out to be
below the range of detection for major isomers by the GC/MS method, the data of these samples
were eliminated from the eval uation.
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Results and Discussion

Eleven methods were classified into four categories shown in Table 1- Category 1: Reporter gene
assay, Category 2: Immunoassay with anti-aryl hydrocarbon receptor (AhR) complex antibodies
(Ah-immunoassay), Category 3: AhR Polymerase Chain Reaction (PCR) Assay, and Category 4:
Immunoassay with anti-dioxins antibodies (DXNs-immunoassay). Category 1, 2, and 3 are AhR-
based Bioassays. These four categories were evaluated from the point of view of accuracy in
comparison with TEQ values by the GC/MS method, the limit of measurements, and the
reproducibility.

Accuracy: comparison with the GC/MS measurements

The TEQ-values obtained by the bioassays are shown in Table 3 and ratios of the bioassays /
GC/MS arelisted in Table 3 and Figure 1. Reporter gene assays, Ah- immunoassay, and AhR PCR
assay gave vaues within the range of 50 to 300%, ~30 to 200%, ~30 to 300% of the GC/MS value,
respectively. Thus, these bioassays exhibit comparable performance in accuracy as compared to the
GC/MS method. On the other hand, accuracy of measurements in DXNs-immunoassays depends
upon the case: some assays gave ratios within the limits of ~30 to 300 % of the GC/MS value, but
others are out of this range. Immunoassays are designed to measure specific congeners, and
therefore may not fit well to overall TEQ estimation.

Limits of quantification

The quantification limits of the bioassays are indicated in Table 4. Given that 10% of the control
standards for new facility should be measured in the bioassay, the quantification limits of the
bioassays, except for some methods of DXNs-Immunoassays, generally meet requirements for the
small-scale facilities with ~2 tons/h capacity of incineration. For the application to the processing
of fly and bottom ash, of which control standard is 3 ng-TEQ/g, al methods are capable to measure
dioxins below the 10% value of the control standard.

Reproducibility of the measurements

We evaluated each category of bioassay if their Correlation Variabilities (CV) values are in
acceptable range of variation: < 20% in authentic samples and < 30% in actual samples (flue gas
and ash samples). The CV values of each bioassay in the present study are indicated in Table 4. In
the reporter gene assays, Ah-immunoassay, and DXNs-immunoassays, the CV vaues of the
authentic samples and actual samples were generally less than 20% and 30%, respectively. On the
other hand, the AhR PCR assay gave more reproducible results: the CV values of the authentic
samples and actual samples were less than 10% and 20%, respectively.

Conclusion

The present results indicate that the reporter gene assays, Ah-immunoassay, and AhR PCR assay
are already at applicable levels as supplementary methods for the standard GC/MS procedures. On
the other hand, some DXNs-immunoassays still have technical problems at this stage for TEQ
measurement, although others are supposed to meet the requirements if they are technically
improved in the future. Based on the above evaluation, we are planning to introduce some
bioassays as supplementary methods for the standard method, considering QA/QC, lega and
institutional matters.
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Table 1: The Classification of Bioassay M ethods

Category Method | Remarks
AhR - Reporter Gene M1 Recombinant cells: 101L cells (human)
based Assay (1) M2 Recombinant cells: Hepa-1L.1.6 cells (mouse)
Bioassay M3 Recombinant cells. H4I1E-Luc cells (rat)
M4 Recombinant cells:
Hepa-1-2H9-1G4 cells (mouse)
Ah-Immunoassay (2) | M5 ElA, goat anti-ARNT pAb
AhRPCR Assay (3) | M6
M7 ElA, rabbit anti-DXNs pAb
DXNs-Immunoassay (4) M8 EIA, mouse anti-DXNs mAb
M9 FI, mouse anti-DXNs mAb
M10 ElA, mouse anti-DXNs mAb
M11 ElA, rabbit anti-DXNs pAb

Notes EIA: Enzyme-linked Immunoassay, Fl: Fluorescence Immunoassay,

mAb: monoclonal antibody, pAb: polyclonal antibody

Table 2: The Source and TEQ value of Samples

Sample | Media TEQ-value Source
1A Flue gas (extract) 2.8 ng-TEQ/m°N Municipal waste incinerator
1B Fly ash (extract) 1.9 ng-TEQ/g Municipal waste incinerator
1C Bottom ash (extract) | 0.018 ng-TEQ/g Municipal waste incinerator
1D Fly ash 2.3ng-TEQ/g Municipal waste incinerator
1E PCDD/DF reagent 20 ng-TEQ/m Reagent mixture
1F PCDD/DF reagent 2ng-TEQ/mI Reagent mixture
1G PCDD/DF+Co-PCB | 20.56 ng-TEQ/mI Reagent mixture

reagent
2A Flue gas (extract) 0.10 ng-TEQ/m°N Industrial waste incinerator |
2B Flue gas (extract) 0.12 ng-TEQ/m°N Industrial waste incinerator 11
2C Flue gas (extract) 0.015 ng-TEQ/m°N Industrial waste incinerator 111
2D Fly ash (extract) 0.0046 ng-TEQ/g Industrial waste incinerator |
2E Fly ash (extract) 0.000056 ng-TEQ/g Industrial waste incinerator 11
2F Fly ash (extract) 0.44 ng-TEQ/g Industrial waste incinerator 111
2G Bottom ash (extract) | 0.00034 ng-TEQ/g Industrial waste incinerator |
2H Bottom ash (extract) | 0.000035 ng-TEQ/g Industrial waste incinerator 11
2l Bottom ash (extract) | 0.0067 ng-TEQ/g Industrial waste incinerator 111
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Figure 1: Comparison of the TEQ value by bioassays and by GC/M S

Ratio Bioassay/GC-MS

9.0
8.0
7.0
6.0
5.0
4.0
3.0
2.0
1.0
0.0

&

Standard Samples

* *

& S SR C R N

[ B samplelE

B sample 1F ]

3 Sample 1G

Ratio Bioassay/GC-MS

4.5
4.0
3.5
3.0
25
2.0
15

Flue Gas Samples
(The result of sample 2C of M9 is removed.)

K In

1.0 I
0.0 '

* * * *

F & & ¢ ¢ ¢ ¢

° & 3
DRSS

x
Y

I 8 samplelA B Sample 2A

O Sample 2B

O Sample 2C

ORGANOHALOGEN COMPOUNDS - Volume 66 (2004)

686



BIOANALYSIS

Fly Ash Samples
7.00
v 6.00 u
=
O
o 5.00 —
>
5 4.00
@
S 3.00 -
)
o
= 2.00
o
- mlln ]
0.00 1, . . . . . J 1, . .
* X* X * * X A > * * *
NN RN S I S
l|=' SamplelB B sample 1D B sample 2D B sSample 2F I
Bottom Ash Samples
6.0
» 50
= —
3 40 —
g
1%}
2 30 —
o
2
2 20 —
ol
o
0.0 +
* * * * x x A > * ¥ *
SO N s D N R 4
[|=' SamplelC B Sample 21 ]

ORGANOHALOGEN COMPOUNDS - Volume 66 (2004) 687



BIOANALYSIS

- o (e1) (t8°0) ZS ST S0 8T 91 TT 190 Iz 81dwes
ev 1900 | (T'9) v 9T ST TT 680 760 0T TT | oTodues | ‘FEWONOd
ST 16°0 8 6€0 12 €2 T SL°0 12 TT 050 4z a|dwes
- 0 (e6) - 6'G 61T 180 0¢ Z1 GT - Az aduwes
TT 050 8T ¥1'0 0€ ST €T €80 0T TT TT ar a|dwes
67 ¥2'0 v L¥0 9T 6T a v2°0 €T ZT 850 g7 9(duwes e Al
- (871) 012 - G¢ 6¢ 190 82 i TT - Oz 8|dwes
- €T (Tv) ¥50 060 6T €80 i LT 260 250 gz 9(dues
- LT (S1) 9.0 T 8T T 8T v TT €80 ve 91dwes
TT ¥5'0 (87 S2°0 080 98'0 89'0 120 8.0 0T 0T VT 9(dwes seb ani
€L0 €80 €8 850 8.0 LE0 TT 8T LT LT zT o1 a|dwes SIN-09/
(590 060 (09) - 6.0 0 TT LT ST GT €1 4T 9jdwes o|duwes Aesseoq
0.0 080 08 550 290 9€0 ZT 8T vT 8T ZT | Jtedues | PEPES | M0 oY
pu 82000 | (2800) | (#S000) | S€00 0100 08000 ZT00 1100 | €000 | Tv000 | Izodwes | (6/03L-6u)
8,00 | 21000 | (TT0) 5200 8200 | L1200 6100 | 9100 | 2100 | 8100 | 6100 | Oroidues LFe wonog
99'0 (0740] 12 LT0 zT 0T 09'0 €€0 €6'0 670 220 4z a|dwes
pu 67000 | (€0°0) pu /200 | 68000 | OVOO'0 | €6000 | €5000 | 29000 pu az a|dwes
Sz TT Ty z€0 69 v'e T¢E 67 €2 G2 vz aradwes | (B/031-6u)
L€ S0 SY 680 1€ 9€ 92 i S 22 TT g7 9(duwes use Al
pu (2200) 1€ pUu 2500 8500 0700 w00 1€0°0 9700 pu oz 8duwes
pu 9T’ (6v°0) 5900 1T0 €20 (010] LT0 020 110 2900 | deoduwes | (Nwd3L
pu LT0 (sT°0) 9/0°0 ¥1'0 8T'0 ¥1°0 8T'0 ¥2'0 110 €800 | VeZodwes -Bu)
o€ ST T 690 €c v 6T 0c ze 6¢C 6C | vieldues seb an
ST T 0.T zr aT Ll €2 L€ Ge e 54 o1 a|dwes
(€T) 8T (o1) pu 91 18°0 T2 ve 0€ o€ S 4Jrodwes | (jw/O3.L-Hu) aneA
v 91 09T T z T vz e 8 9 €z Jredues Pwespepes 031
»TTN | 0TI BN 8N LW QN SN xIN €N LN | ST poyL N
14 € 4 AoBer)d

(Uo1Y3IBP JO W[ Y} Uy} 3Jow Uo e iynuenb JO 11wl 8y} Jopun joaneA () ‘Pa10e1ep 10U P'U “PaliBAU0D aJe S3|dWes [eay : 4 “PI1IBAU0D aJe S3|dwes ||V i« SSION)

SI-09 /sAesseolg Joolrey puesAesseolg Aq aneA-O3L8yl € a|qel

688

ORGANOHALOGEN COMPOUNDS - Volume 66 (2004)



BIOANALYSIS

- €T ¥2) (02) L8 95 €€ LS 4 6L €€ | Izadues
68 A (€€) - 6 €T (4 1T g'g R4 8z | oreduwes | “Seuonod
oY (014 00 8T 0L 00 IT 02 06 1€ ¥Z | dzadues
- zT (sv) - GT Z9 ford 144 TI 09 - | azaidues
vT 6'S L€ 00 1T X4 €T 08 00 8Y 8'S | arsidues
ot z1 00 91 1 oY Y’ 9€ 9G 1 o€ | areiduwes use Al
- (€1) 8'€ - 14 4 62 9G €5 T - | ozedues (CHNe]
- 4} (sv) 4} 9z 4} €T 92 €S T6 6T | gcodues
- 4} () - (074 (o) €2 TT ¥'e 12 €€ | veadues
9. €5 TS 67 0C Y €1 7€ L' o1 ST | vroiduwes se6 ani3
vy LS 89 LY 19 R4 0L 8'S R4 1T 8T | oraiduwes
2) T %) - € LE 8T v T 66 €1 | Jreduss | 2CW
0T S6 g1 v's 6T 12 G'6 A4 8's I 69 | 3redues
6900 | 880000 GT'0 | 28000 | T60000 | ZTO00O 02000 | 9T000 | £80000°0 | 2800000 | STO00 | Izawdues a@w&
8500 | 70000 ST 1200 | T60000 | SPOO0O 0¥00'0 | Z£00°0 | €80000°0 | 990000 | TE000 | OT8dues Use woyog
¥T0 €000 620 ZI00 | €T000 | 20000 €T0 | 52000 8T000 | 70000 | TEO00 | ozaldwes
vT0 | ST000 620 | 200 | €T000 | ¥20000 | OpO00 | 52000 | LTO0O0 | +€0000 | TE000 | deawuwes a@w&
0600 6100 120 /200 | STO00 | 250000 020 | SS000 | 8800000 TT000 | €700 | aradues use Al -__Hmh%o
zro ¥10°0 0£0 0T0 | 02000 | T2000 020 | 29000 | ¥T000'0 ¥T000 | T€00 | aradues 10 Wi
860 ¥€0°0 12 2900 | #6000 | ZT000 06000 | 8I00 11000 8T000 | 0€00 | Ozadues
680 €00 6T | 9500 | §8000 | ST000 0v00 | /T00 | 650000 | 9T000 | /200 | gedidues Azmg\o.m_&
TT 6£0°0 vz 1200 1100 | 02000 0500 | 0200 2.000°0 02000 | V€00 | veaduwes seb anpy
8T0 G/0°0 €80 9600 | 9¥000 | S2000 020 | T200 GE000°0 82000 ZT0 | vroiduwes
«TTIN AT BN SN LW QN SN PN €N N TN pouR N
¥ e 4 Aobar)d

(UonoeXEP JO MW By} LRyl 210w UoIea1inuenb JO 1|3y} Jopun joanfeA :( ) elep ou - "POLIBAUOD S8 S3|dWeS |89y : xx "POLIBAUOD S8 SO|dWeS ||V :x SOION)

SAesseold JO AlljIcel e A U0 110D PUE UOEdNUEN JO NWITayL ¥ajdeL

689

ORGANOHALOGEN COMPOUNDS - Volume 66 (2004)



