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Introduction 
In the course of the start-up and optimization phase of the municipal solid waste incinerators 
(MSWI) MVB Borsigstt. GmbH, Hamburg, more than 200 polychlorinated dibenzo-p-dioxins and 
-ftirans (PCDD/F) emission samples were measured in flue gas simultaneously at up to five test 
points between 1994 and 1998'. Overall 28 measurement campaigns are available from the 5-year 
investigation period that comprise between 2 to 5 data records related to the single series of 
measurements and determined at the following sampling points: "A" downsfream ofthe boiler, "B" 
behind a fabric filter, "C" behind a 2-step HCl-scmbber, "D" behind an alcallne scmbber, "E": 
behind a wet elecfrostatic precipitator (ESP). 
In various series of measurements, an increase in the I-TEQ-value was determined in the course of 
passing the flue gas cleaning system (FCS). Comparable observations which are also connected to 
plastic-coated and gummed surfaces of scmbber systems of MSWI and justified with 
adsorption/desorption effects by the majority have been published during the past few years^''*''*. 
Within the framework of the present document, the substantiated pairs of measured values of the 
sampling points "B" and "E" are evaluated by means of statistical methods. The measured values 
ofthe sampling points "C" and "D" are not considered in detail here due to the limited data record 
(n=IO) and the sampling points that are not in accordance with the directive. Furthermore it is 
examined whether and to what extend there is a modification ofthe homologue and isomer profile 
via the FCS provided that the plant is operated as usual. 
Finally the PCDD/F concentration profile of the plastic-coated scmbber wall is qualitatively 
represented by means of measured values that resulted from wipe and material samples ofHCl-
scmbbers in the area of the scmbber bottom of a fluidized-bed incinerator fed with domestic 
waste^. 

Plant Description 
MVB (Fig.l) has 2 identical combustion lines equipped with a forward feed grate (5 grate zones 
and 2 grate steps) designed for incinerating 21.5 tons of waste per hour. The flue gas cleaning 
system for each combustion unit consists of a selective non-catalytic reduction ofNOx (SNCR) by 
injection of steam-dispersed ammonia into the post-combustion chamber, a high temperature dust-
removal system within the boiler between the super heater section and the economizer, an 
evaporative cooler, the injection of activated carbon, a bag, a two step scmbber, an alcaline 
scmbber and a wet electtoslatic precipitator (ESP). 
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Sampling Treatment and Analysis 
PCDD/F sampling and analysis of emissions were perfomied by MPU according to the German 
guideline VDI 3499 part 2 using HRGC/HRMS I Details are described ui reference'. At tiie test 
pouits "B" and "E", the requirements regarduig the upsfream and downsfream paths according to 
Gertnan guideline VDI 2066 are met'". The detection limit was O.OOI ng/Nm' for all 2,3,7,8-
substituted isomers. 

Statistic Analysis 
The statistical analysis serves the purpose of 
checking whether the measured values at test 
points "B" and "E" significantly deviate from each 
other. This analysis is done step by step: 
- A sign check is cartied out regarding related 
value pairs. 
- By means of the t-test it is checked whether the 
Y-values (measurements at the test point "E") 
significantly differ from the X-values 
(measurements at the test point "B") and in which 
direction. 
The observed pairs (Xi; Yi) are linked random 
samples, with Xi representing the measurements 

after the fabric filter and Yi the results measured simultaneously in the pure gas. In order to 
facilitate the comparability of the value pairs, the X- and Y-values adjusted to masses have been 
standardized to standard conditions (273 K, 1013 hPa) and a uniform oxygen contentof 10 Vol.%. 
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Fig.l PCDD/F sampling points in the flue 
gas cleaning system of MVB 

Table 1 : PCDD/PCDF-Data at sam 
ptant 
irKlrtefaUon Urw 
san)pfir>g date 
umptng time 

r«mBf1i 

WSBmUiaigS?r.~'^'< :'ii-
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[ n g M n n 
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1,2,3.S.7.a-HexaCDD 
1,2.3.7.g.9-HexaCDD 
1.2.3,4,B,7,»+<eplaCDD 
2.3.7,»-TetraCDF 
1J.S.7,et1i.3,4,WmnaCDF 
2.3,4,7,^PentsCOF 
1.2.3.4,7,e*1,2.3,4,7.B-HexaCDF 
t,2,3.6.7,8+lexaCDF 
1.2,3,7.«.B-HexaCDF 
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5.16 

1,70 
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0.51 
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highlighted values: concentration below detection limit, value calculated with 1/2 detection limit 
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Results 
Within the framework ofthis evaluation, a total of 22 value pairs of sampling point "B" and "E" 
have been taken into account, see table I (excerpt of complete results). What has been 
characteristic of all of the 22 examination periods is an almost stationary and nearly undisturbed 
plant operation ofthe two identically constracted uicineration lines. Three measuring campaigns in 
the course of which there were breakdowns as well as another three series of measurements that 
showed no PCDD/F clean gas data have been rejected for this consideration. 
As result ofthe sign check can be noticed a rather significant increase via the FCS for the sums of 
TCDD/F-HxCDD/F, the significance level is at least 98.5%. The sum of HpCDD as well as of 
1,2,3,4,7,8,9-HpCDF are identical regarding the concentration level. A concentration inversion is 
noticed at the OCDD/F as well as at tiie 1,2,3,4,6,7,8-HpCDD and 1,2,3,7,8,9-HxCDF. A 
significant increase via the FCS could also be noticed for any other single isomers with the 
significance level being at least 86%. 
The t-test analogously shows a very significant increase in the ITEQ (> 99%), sums and the 
predominant number of isomers of TCDD/F - HxCDD/F (at least 95%). The results regarding the 
HpCDD/F are not significant. However, a somewhat lower significance of about 80% at a decrease 

in concentration can be noticed for the OCDD/F. 
Rejecting the measured values of the measuring 
campaign 7, you also get a significance level of 
95% for the 2,3,7,8 TCDF and also some change 
in significance for other sums and isomers. We 
consider this procedure justified since there has 
been a plant failure prior to measuring campaign 
7. 
At the example of a selected serie of 
measurements (with an average emission level) it 
can be shown that there is not only a modification 
in concentration but also in the PCDD/PCDF-
disfribution profile via FCS, see fig. 2. 
Fig. 3 qualitatively shows to what extend the 
inside of a channel or wall surface in a wet 
scmbber system can be enriched with PCDD/F 

c- 1 o/-rM->/o J-* u *• ro/i * Under unfavorable operating conditions that 
Fig. 2: PCDD/F disfribution [%] at ^^^^^^ ^^^^ ^ operating period of approx. I-year. 
sampling points B andE, campaign no.l I jhe PCDD/F values measured at wipe and 
material samples of a drilling core which were taken about 0.3 m below the liquidity level of a 
HCI scmbber bottom of a fluidized bed uicinerator fed with domestic waste, clarify that the 
PCDD/F load primarily occurs in the plaque as well as in the utmost surface layer of the GFK 
scmbber wall coated with plastic material. At a material thickness of about Imm, a decrease in the 
PCDD/F concentration by factor 30 could be determined. It can furthermore be derived from other 
sample results that the PCDD/F load of the plaque or the inner wall surface in the area of the 
scmbber bottom is about 2 dimensions higher than in the spraying zone. 
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Discussion 
First of all it is postulated that there is no PCDD/F formation from precursors under the conditions 
of wet-operated components of a flue gas cleaning system and that a chlorination ofthe Mono-
TriCDD/F can be neglected as far as quantity is concemed. 
PCDD/F bound to dust and soot particles in the flue gas of a MSWI is separated at the inner 
surfaces of scmbber systems, with a little share of which beuig taken out by means of the liquid 
and solid substance sfreams ofthe gas path. The gaseous PCDD/F emissions are bound to the umer 
channel or plaque surfaces of the scmbber components. On account of the rather low PCDD/F 

concentration in the flue gas, the PCDD/F 

sc rubber wa l l 

0 0,1 0.2 0.3 0.4 0,5 0,6 0,7 0,8 0.9 1.0 1,1 [mm| 

Fig. 3: PCDD/F load at scmbber wall surface 

coverage density at the wall surface is 
proportional to the partial pressure analogue 
to Henry's law. It has to be assumed that, 
apart from steric influences, mainly van der 
Waals forces dominate the adsorption of 
PCDD/F at tiie non-polar surfaces. The 
affinity on a non-polar surface generally 
follows the sequence of molecular weights. 
With regard to those effect mechanisms, it 
can be explained that, on the one hand, the 
low-chlorinated PCDD/F is increasingly 
desorbed compared to the high-chlorinated 
PCDD and on die otiier hand, PCDF is 
increasingly released from the plaque or 
inner wall compared to dioxins. 
The source of the PCDD/F load at the 
scmbber wall surface or its coating is 
obviously the gas phase either directly via 
the gas path or indirectiy via the gas over the 
plaque towards the plastic wall. An estimate 

via an e-function shows that tiie PCDD/F load of the plastic layer can be described according to 
figure 3. 
In our opinion, the following operating conditions can be considered to be a cause for the critical 
operating conditions of a MSWI and are thus partially connected to the danger of increased 
PCDD/F input into the FCS: startup/shutdown, soot blowing, non-stationary plant operation, 
unexpected failure or malfiinction of plant components 
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