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Introduction

Landfill fires are a potential source of persistent organic poIIutantsl that cause elevated blood levels of PCDD/DFs in
residents near waste dumping sites?. Knowledge of fires' emission factors and their fate (i.e. partitioning between
flue gas and combustion residues) are important to assess risks from these emission sources. This study is
intended to obtain emission factors of PCDD/DFs and PBDEs through laboratory-scale experiments that simulate
landfill fires.

Materials and Methods

Two types of waste feed were used. In run 1, refuge derived fuel (RDF) made from municipal waste (Table 1) was
used. In run 2, RDF with three types of brominated flame-retardants (BFR) was used. The expected concentrations of
BFRs in the waste feed were 1,600 mg/kg of TBBPA, 1,100 mg/kg of DBDE and 400 mg/kg of HBCD.

Figure 1 shows a schematic of the experimental apparatus. A 15-cm-deep stainless steel bowl was filled with 15 kg
of soil (10 cm depth); then 3 kg of waste (RDF or RDF+BFR) were loaded on the soil. The stainless bowl was
covered with a hood and a tent. A torch was used for 10 min to ignite the waste. Sampling of the flue gases was
started 12 min after the first ignition. The flue gas was drawn and sampled through a duct on the hood. This flue gas
passed through a gas combustion chamber, a bag filter, and a scrubber before emission to the air. Flue gas which
overflowed the hood was drawn and sampled through a duct connected to the tent.

The emission factors to the flue gas and to the residues (ash and carbonized waste) were respectively calculated

using egs. 1) and 2). For run 2, the emission factors of PBDEs and PBDD/DFs to the flue gas per PBDEs input
were calculated using eq. 3).

EFgas = (Ctent duct FRtent duct Chood duct FRhood duct) Tburn/mburned 1)

EI:residue = {Cresidue Mresidue - Cwaste (mresidue - mash)}/mburned )

EF2g,s = EFgas/CuwasterepE (3)

EF: emission factor; C: concentration; m: mass; FR: flow rate; T: duration
Results and Discussion

The duration of burning, the burn masses and flue gas flow rates are shown in Table 2. Figure 2 shows the
time/temperature and time/mass histories of Run 1. Note that the loss of mass in figure 1 includes the evaporation of water
from the soil.

The emission factors of PCDD/DFs per mass burned in run 1/run 2 were 23/46 ng-TEQ/Kkg for the flue gas, 170/120
ng-TEQ/kg for the residue and 190/160 ng-TEQ/kg overall. About 70%-90% of PCDD/DFs were partitioned to the
residue in this study (Fig. 3). The ratios seemed to be higher than those of the previous study (1.9%-70%, average

26%)3. One possible reason for the higher ratios is that our experiments included both flaming combustion and
smoldering combustion, whereas those of the previous study3 included only the flaming combustion.
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The emission factor of PBDEs to the flue gas per PBDE (DBDE) input was 9.1%. The O8BDEs were the single
dominant congener in the flue gas. The ratios of N9BDEs and D10BDE for the Sum PBDEs in the flue gas were
9.4% and 1.1%, respectively. The emission factor of PBDEs obtained in this study was about 1000 times higher than

the emission factor (0.01%) used in the PBDE inventory by the Danish EPA%,
References

1. Lemieux P., Lutes C., Santoianni D. (2004) Progr Energy Combust Sci 30: 1-32

2. Minh N., Minh T., Watanabe M., Kunisue T., Monirith I., Tanabe S., Sakai S., Subramanian A., Sasikumar K., Viet
P., Tuyen B., Tana T., Prudente M. (2003) Env Sci Technol 37: 1493-1502

3. Takatsuki H., Ohnishi Y., Sakai S. (2001) Emission of PCDD/DFs from the incineration process of waste with high
Cl content. Proceedings of the annual meeting of Japan Society of Waste Management Experts 713-715 (in
Japanese)

4. Danish EPA (1999) Brominated Flame Retardants: Substance flow analysis and assessment of alternatives

Scrubber, B ag fitter
Secondary combustion chamboer

Flue gas

(tent duct)

Fig. 1 Schematic of experimental apparatus

\ Stainless bowl
[ wieigh scale t

= ulu] 2.0

500 2.5
__ 400 20 —=
) =
o H z
£ =00 ‘| — Airunder hood 15 .?
~ V| — Hoodsteal z

200 1 — Soil M 1.0

] — W eight

=
o
o

Fig. 2 Temperature and mass (Run 1)
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Fig. 3 Patitioning rate of PCDD/DFs to residues: EF,.qque/(EF esidue +
3
EFgas)

Table 1: Waste Composition

Waste category  dry mass

Paper and textile  51.8%
Plastics and leather 32.0%
Wood and grass 5.3%
Garbage 9.5%
Noncombustible 0.4%
Others (>5mm)  1.0%
Total 100.0%

Table 2: Run duration, burn mass and flow rate of flue gas

test no. Run 1 Run 2
waste type RDF  RDF+BFRs
mass [kg]

start mass 3.00 3.00
final mass 2.15 2.20
ash + carbonized waste1.11 1.30
unburnt waste 1.04 0.90
mass burned 0.85 0.80
flow rate [m3-dry/h]

hood duct 47 46
tent duct 650 610
duration [min]

flue gas sampling 240 240
flaming combustion 31 20
smoldering combustion ~150 ~160
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Table 3: Concentrations of PCDD/DFs and PBDEs in wastes, residues and flue gases

Test no. Run 1 Run 2
Sample name RDF Residue  Tentduct Hoodduct RDF+BFR Residue Tentduct Hood duct
Unit nglg nglg ngmN  ng/mN ng/g ng/g ng/mN  ng/m°N
PCDD (TEQ) 0.0081 0.038 0 0 0.0076 0.018 0 8.9E-05
PCDF (TEQ) 0.013 0.11 0.00065  0.094 0.013 0.050 0.00065  0.15
Co-PCB (TEQ) 0.0029 0.0097 11E-05 0.00018 0.0026 0.026 1.4E-05 0.042
TeCDDs 0.33 11 0.033 46 0.32 0.64 0.057 6.8
PeCDDs 0.18 10 0.0096 17 0.17 0.69 0.023 37
HxCDDs 0.21 12 0.011 0.79 0.19 1 0.017 29
HpCDDs 0.18 0.31 <0.007 0.2 0.19 0.25 <0.008 0.73
OCDD 0.72 05 0.028 0.32 0.78 0.54 0.035 0.89
TeCDFs 0.42 14 0.12 10 04 13 0.47 16
PeCDFs 0.25 17 0.019 27 0.24 12 0.2 74
HxCDFs 0.16 14 <0.007 0.78 0.14 071 0.021 26
HpCDFs 0.076 0.36 <0.007 0.23 0.064 0.21 <0.008 <0.09
OCDF 0.028 0.048 <0.01 <0.2 0.021 0.044 <0.02 <0.2
PCB (1-10 Cl) 78 290 53 2,100 76 260 89 2,600
BDE-47 22 27 0.79 1 0.56 52 15 290
BDE-99 53 23 0.47 31 0.65 230 60 1,100
BDE-100 0.85 35 0.32 13 0.14 230 70 1,400
BDE-153 37 8.8 0.27 <2 19 500 52 1,300
BDE-154 0.79 36 0.45 22 0.29 710 94 2,100
M1BDE 0.086 <0.008 <0.05 <0.6 <0.03 24 95 170
D2BDE 0.11 0.69 0.15 0.72 <0.03 22 28 580
T3BDE 26 9.9 0.91 42 0.18 150 140 3,300
T4BDE 10 48 18 19 13 510 170 3,400
PSBDE 8.8 36 15 44 11 1,300 370 7,200
H6BDE 8.1 25 19 5.8 38 5,000 370 14,000
H7BDE 16 40 34 48 10 8,400 980 18,000
O8BDE 23 33 20 21 3,900 11,000 8,400 240,000
N9BDE 1,800 16 51 <3 540,000 24,000 1,100 2,100
D10BDE 8,100 180 31 23 890,000 67,000 130 680
PBDE 9,900 390 38 64 1,400,000 120,000 12,000 290,000
HBCD 2,400 150 18 12 220,000 43,000 19 140
TBBP-A 980 240 52 16 22,000 1,100 83 1,400
PBDD 0.015 0.068 N.D. N.D. 33 74 55 130
PBDF 2.7 42 53 19 25 17,000 2300 45,000
2249

Organohalogen Compounds - Volume 67 (2005)



