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Dioxin mass balance in a municipal waste incinerator
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Abstract

A dioxin mass balance in an Spanish municipal waste incinerator (MWI) s presented. Input and output inventorics
fram two sampling collection episodes including the analysis of PCDD/PCDF in urbun solid waste (USW), siack gas
emisstons, fly ash end dlag are reported. In ona collection the levels of USW were around 8 pg I-TEQVE and non-thermal
destruction was observed overall. In the other collection the levels of USW were higher (around 64 pg 1-TEQ/g) and the
dioxin balance revedled o thermal destruetion. Analysis of the different waste maleriols (textile, organie, plustic, wood
and paper) was performed separately and the textile samples presented the highest levels. @ 2000 Elsevier Seience Lid.
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1. Iniroduction

Muitleipal waste manapement often combines differ-
ent strategies such as recyeling, compostng, thermal
treatment or landfill disposal. Recycling and composting
are being successfully implemented in the early stages of
waste mapagement n several countries. However, ad-
ditional operations such as combustion processes in
urban salid waste management are always required to
eliminate the residue generated by recyeling or com-
posting, In recent years, MWIs have been the subject of
much controversy because of their emissions into the
atmosphere, which constitute n potential risk to the
environment,  Accordingly, stringent regulutions gov-
erning stack emissions are being enforced. In particular,
European Uniom (EU) member countries have set limil
values [or PCDDYPCDF emissions {or harardous waste
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incmerator plants of 0.1 ng FTEQ/Nm’. In Spain urban
solid wasle management is betng retrofitled in order to
comply with the EC directive. The question, now; is
whether the removal of pollutants from the flue pas may
mcrease the levels of the materinls derived from the
combustion processes and whether these materinls can
be discharged without impacting the environment,
Furthermore, recyeéling products may also vontain levels
of PCDIDYPCDF. Therefpre, the solid residues and re-
cyeling products should be eurefully characterized be-
fore u final decision is taken (Kruul ot al, 1994; Harrad
ef ul., 1991), :

On the other hand, it j5 common knowledge that the
PCDD/PCDFE ' and PODDVPCDF-precursors are al-
rendy present in waste, In fact, dato aboult the levels of
PCDIVPCDF id textile, wood, [ood, plastic, etc., the
tvpical components of wasie, are available (Klasmeior
and McLachlan, 1998: Klasmeier et al, 1999: Hors-
tmann gnd Melachlon, 1995 Wilken et al., 1991, 1992;
Wagenaar et al.; 1998), The most recent studies reveal o
thermal destruction of PCDD/PCDF in & modern
MWI (Vehlow, 1997). In this study, we analyzed the
levels of PCDINPCDF in different samples from &
Spanish MWI in order to examine the dioxin mass
bitlance,
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2. Materials and methods

2.1. Sampling

The assessment of a dioxin mass balance in & MWI
plant includes the analysis of the different components
which constitute the dioxim input snd ourput, Analyses
of PCDDIPCDF were carried out on stack gus, fly ash,
slag and urban solid waste (USW) samples at various
sampling episodes. Moreover, refuse derived fuel (RDF)
and compost samples obtained by processing USW in
other plants were also analyzed.

Stack gas samples were collected using a flter/con-
denser method in accordance with EN-1948:1996. Fly
ash and slag samples were simultaneously collected
every 30 minutes during stack gas sampling. The MWL,
which has been controlled over the past vears (data
previously reported in Vehlow (1997), MWI-2), has re-
cently heen retrofitted with a modern system cleaning
gas in order to comply with the limit of the 0.1 ng
I-TEQ/Nm®, Operating conditions of the MWI in 1998
are given in Table 1.

2000 kg of current RDF and USW were collected
from different MWIs to prepare a 50 cm width base.
After being sequentinlly mixed and divided into four
identical portions, two opposite sides were rejected and
the remainders were mixed again. The operation was
repeated until @ 25 kg sample was obtained. Next, the
25 kg sumple was torn inte | em pieces and homoge-
nized. From these, 2 kg were dried und weight losses of
44% wiw were observed, Subsequently, the 2 kg sample
wits triturated again prior to extraction, obtained par-
ticle sizes of 38-42 pm.

2.2 Extraction and ¢lean-up

Prior to the extraction process, the samples were
spiked with labeled PCDD/PCDF standards described
in EPA 1613, Liguid-liquid extraction with dichloro-
methine was performed to remove dioxin compounds

Table: |

Operating conditions of the MW in 1998
Antiual capacity (Mpfyr) 150 000
Percentige versus the totnl waste treated in 11,0
Spanish MW
Numbers af lines 2
Combistion air (Mm'h) G0 0
Operation 24 hidny"
Production of ashes (Mgfyr) 4000
Prodiction of shiyg (Mglyr) 3400
Flue gas per line (Nm*/h) RO OO0
Recycling -
Composting (Mg/yr) :
Fuel USW

T500 iyt

from condensed water. Fly ash and siag were (realed
with HCI 3 M for 2 h prior to extraction. All the pol-
lutants were removed from, fiy ash, slag, XAD-2 and the
filter, USW and RDF by Soxhlet extraction using tolu-
ene for 48 h. The extracts of RDF and USW were
trunsferred to n-hexane which produced a precipitate.
The n-hexane solution was fllered and the solid was
treated with tetrabydrofuran (THF) to dissolve PVC
and other polymers, followed by n-hexane to extract the
PCDD/PCDF. The PVC was re-precipitated with water,
Next, both n-hexane extracts (from the THF solution
and the filtered extruct) weéte combined (Wagenaar et al.,
1998) and then repeatedly treated with sulphuric acid to
eliminate organic matesial. Owing to the organic nature,
remarkable exothermic reactions during the sulphuric
acid attack were observed in the USW samples. Finally,
extracts were concentrated prior to the cleanup process.

Samples were cleaned up by two different methods.
One method was based on the classic liquid-solid ad-
sorption chromatography using silica (Merck, Germa-
ny), florisil (Merck, Germany), alumina (ICN,
Germany) and Carbopack C 80/100 (Supeleo, PA) as
adsorbents, in an open glass column at atmospheric
pressure (Abad et al, 1997). The othet method was
based on use of the Power Prep™ syitem (FMS Inc,,
MA). The automated system cleanup employs multi-
layer silica, basic alumina and PX-21 carbon adsorbents,
prepackaged in columns made of Teflon and hermeti-
cally leaded (FMS Inc. Boston, U'SA) (Abad et al,
19997, All solvents, acetone; dichloromethane, tolvene,
n+hexane and ethyl acetate for organmic trace analysis
were purchased from Merck (Germany).

2.3, Insiruwenental anofysis

Analysis was carried out by high resolution gus
chromatography coupled to high resolution mass spec-
trometer (HRGC/HRMS). For HRGC. a Fisons CE
8000 Series pas chromatograph (Fisons Instruments,
Milan, Italy) equipped with a DB-5 (J&W Scientific,
CA. USA) [used silica capillury column (60 m, (.25 mm
1D, 0.25 um film thickness) was used. The temperature
programme was: [40°C (1 min) to 200°C (1 mun) at
20°C/min, then at 3°C/min to 3007C and held sother-
mally for 20 min at 300°C. For HRMS, an Autospec
Ultima (Fisons Instruments, Manchester, UK) mass
spectrometer with a positive electron impact (El+)
source was employed. The analyrer mode was sefectad
jon monitoring [SIM) ot 10000 of resolving power
Details are given in Abad et al, (1997, 1999),

3. Results and discussion

Stack gas emissions, fly ash and slag samples were
anslyzed in order to examine the total dioxin output
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Eﬁiﬁ?l"{:lﬂ--‘ levels [n emiissions, Iy ash ind slop samples Trom the MWI
Stk Gus Fly Ash Sleg
ng T TEQMm g 1-TEQfr ne I-TEQig g I-TEQNyr ng I-TEQYE g I-TEQfT
1s1 sample collection 0,004 00,048 260 0,0 2.04
Ind sumple eollection 0,004 0L.0048 1.48 IR K 044

Tuble 3
Levels of PCDDVPCDE in RDF, USW and compost samples

Range ipg I-TEQg)

Mean (pg -TEQ/g)

RDF JHI-4T6 4.34
LIsw
Ist ssumnple collection 4 40-13.27 B84
2nd sample collection 45.73-R7 48 64,15
Compost 500-57.23 3120
Takle 4
Dipxin muss balance
Input (g 1-TEQyr) Outpul (g 1-TEQ/yr) Halance (g I-TEQ/yr)
15t sample collection 133 331
Ind anmple collection 462 =7.70
Table 5
Percentage composition and lovels of PCODDVPCDE in RDF
PCDODIPCDF Mo, of samples RDF composition PCDIVPCDF m RIDF
(pg I-TEQ/E) nnalbyred (%0} (pe L-TEQf )
Puper 620 2 6.8 2903
Plastic 207 I e d G4
Textile 15733 2 47 740
Wood an 2 40 il
Orgamic 2.71 2 171 0ng
Metils = - 4.6 -
[nert - 24
Tatal = - 1542
from the aforementioned MWI in two different sample
collection episodes, Tuble 2 summarizes the results of
the PCCIYPCDF levels determined in stack gas, fly ash Paper

und slag samples.

These findings indicate that stack gas levels constitute
i minor contribution to the total dioxin emitted by the
MWI which complies with the limit of 0.1 ng 1-TEQ/
Nm'. The highest concentration of PCDD/PCDF was
found in fiv ash. However, the high production of slag is
responsible for an unnual output of PCDD/PCDF
comparuble with the levels observed in fly nsh. Another
question concerns the dioxin levels present in combustion

Plastic

Textile

Fig. |. PCDDYPCDF distnbution in RDF,
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