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ABSTRACT

Emissions of polychlorinated dibenzo-p-dioxins and dibenzofurans (PCDD/Fs) from the stack flue gases, fly ashes and
bottom ashes of various stationary sources were investigated. The mean total PCDD/F I-TEQ concentration of flue gas
ranged from 0.00681 to 0.703 ng I-TEQ/Nm’. However, the emission factor of PCDD/F from various incinerators was
0.00827 to 3.50 pg I-TEQ/ton, whereas it was 5.36 pg I-TEQ/body for a crematory (CM). In addition, the mean total
PCDD/F I-TEQ content in fly ash from an electric arc furnace (EAF) and a secondary aluminium smelter (secondary ALS)
were 74.0, and 49.9 ng [-TEQ/kg, respectively, whereas they are 21.3 and 0.494 ng [I-TEQ/kg for bottom ash. Meanwhile,
the removal efficiency of PCDD/F by bag filters from EAF was —44.4% which is attributed to the “memory effect”. The
indicatory PCDD/Fs of EAF, and secondary ALS have the same congeners (1,2,3,7,8,9-HxCDF, 2,3,7,8-TeCDF, and
1,2,3,7,8-PeCDF). In addition, CM, joss paper-A (JP-A) and joss paper-B (JP-B) incinerators have similar indicatory
PCDD/F (2,3,4,6,7,8-HxCDF, OCDF, 1,2,3,4,6,7,8-HpCDD, and OCDD). The high contribution of total PCDD/F is from
fly ash (61.1-95.3%) for metallurgical facilities (EAF, secondary ALS), whereas 99.9% contribution of stack flue gas is from
JP-A and JP-B. In conclusion, continually monitoring various PCDD/F emission sources is necessary to understand current
PCDD/F emission (flue gas, fly/bottom ash) and the related removal efficiency of existing air pollution control devices.
Information about both emission factors of PCDD/Fs and indicatory PCDD/F congeners are useful for the establishment of
control strategies and for use as fingerprints with regard to the dominant congeners from different emission sources.
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INTRODUCTION

Polychlorinated dibenzo-p-dioxins and polychlorinated
dibenzofurans (PCDD/Fs) were first detected in the flue
gas and fly ash from municipal solid waste incinerators in
1977 (Olie, 1977). Since then, PCDD/Fs have received
considerable attention due to concerns about the related
adverse health effects and emission problems (US EPA,
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2000). Various forms combustions, such as incinerations,
are believed to be the main sources of PCDD/F to the
environment (Rappe, 1992; US EPA, 2000). Furthermore,
these pollutants can be transported over long distances in
the atmosphere, and be deposited on the surrounding
environment (Tysklind et al., 1993; VanJaarsveld et al.,
1993; Lee et al., 2009).

In Taiwan, the PCDD/F emission inventory has been
reported that iron ore sintering, heat/power generation,
electric arc furnaces, secondary aluminum smelter plants,
crematories and ritual paper burning make contributions of
32%, 30%, 23%, 1.5%, 0.7% and 0.1% to the total
emissions, respectively (Wang et al., 2003a; Lin et al., 2007).
Regulations, control technology (devices), operating
conditions and feeding materials can all affect PCDD/F
emission and the related emission factors must be
investigated yearly to develop appropriate control strategies
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(Wang et al., 2003b; Li et al., 2007a). Therefore, monitoring
the PCDD/F emissions from various stationary sources is of
great importance for environmental protection issue. For
example, the removal efficiency of total PCDD/Fs and the
international toxicity equivalence (I-TEQ) value were found
to be 57% and 58%, respectively, after injecting powder
activated carbon (PAC) in a hazardous waste incinerator
(Karademir, et al., 2004). However, the PAC injection was
followed by various types of air pollution control devices to
enhance the removal efficiency of PCDD/Fs, approaching
the range of 92%-99% in a municipal waste incinerator
(Tejima, et al., 1996; Abad et al., 2003). A combination of
air pollution control devices, including a dry scrubber,
activated carbon injection and bag filters have been
frequently used, achieving overall removal efficiencies of
up to 99% (Li et al., 2008; Wang et al., 2009).

This study investigates the characterization of PCDD/F
emission from an electric arc furnace (EAF), a secondary
aluminum smelter (secondary ALS), a crematory (CM) and
two joss paper incinerators (JP-A, JP-B) in southern
Taiwan. Meanwhile, the fly ash and bottom ash were
collected to measure the PCDD/F content. In addition, the
removal efficiencies of PCDD/F by bag filters were
evaluated. Finally, the emission factors of PCDD/Fs from
five emission sources were reported and the indicatory
PCDD/F congeners were established.

METHODS

Sampling of PCDD/Fs

The stack flue gas samples were collected from an
electric arc furnace (EAF), a secondary aluminium smelter
(secondary ALS), a crematory (CM), and two joss paper
incinerators (JP-A, JP-B). The sampling procedures
followed those of the US EPA Modified Method 23 (US
EPA, 1996). Prior to sampling, XAD-2 resin was spiked
with PCDD/F surrogate standards prelabeled with isotopes.
The fly ash samples were collected by the bag filters and
bottom ash samples were collected directly from each
furnace. The ash samples were well-mixed and diagonally
sectioned for PCDD/F analyses.

Analysis of PCDD/Fs
The analyses of the stack flue gas samples were
performed according to the US EPA Modified Method 23,
while the fly/bottom ash samples were analysed with the
US EPA Method 1613B (US EPA, 1994; 1996). In brief,
samples were extracted with toluene for 24 hr and this was
then followed by a series of sample cleanup procedures,
including a multilayer silica gel column, alumina column
and activated carbon column. The extract was transferred to
a vial, and finally further concentrated by a N, gas stream.
The high-resolution gas chromatographs/high-resolution
mass spectrometers (HRGC/HRMS) were used for PCDD/F
analysis. The HRGC (Hewlett-Packard 6970 Series gas, CA)
was equipped with a DB-5 fused silica capillary column (L
=60 m, ID = 0.25 mm, film thickness = 0.25 pm) (J&W
Scientific, CA) with a splitless injection, while the HRMS
(Micromass Autospec Ultima, Manchester, UK) had a

positive electron impact (EI+) source. The analyzer mode of
the selected ion monitoring was used with the resolving
power at 100,000. The electron energy and source
temperature were specified at 35 eV and 250°C, respectively.
The oven temperature program was set as followings:
initially at 150°C (held for 1 min), then increased by 30
°C/minto 220°C (held for 12 min), and finally increased by
1.5 °C/min to 310°C (held for 20 min). Helium was used as
the carrier gas. The recoveries of PCDD/F internal standards
ranged from 65-102% which met the criteria within
25-130%.

Indicatory PCDD/Fs

The indicatory PCDD/F is used to figure out the major
PCDD/F congener for different PCDD/F emission sources.
The indicatory PCDD/Fs analysis is undertaken using the
following equation (Yang et al., 1998; Lee et al., 2004;
Lin et al., 2006; Lin et al., 2007):

Ratio; = (Xi / ZX); / (Xi / ZX)min (1

where the numerator is the mass fraction of the i" congener
of emission source j, and the denominator is the minimum
value of the mass fraction of the i™ congener among all
emission sources. A higher value of Ratio;; means that the
i" congener of emission source j is the one that has a
greater contribution than the other emission sources. In this
way, the highest three ratio values of PCDD/Fs for each
source were recognized as the indicatory PCDD/Fs.

RESULTS AND DISCUSSION

PCDD/F Concentrations in the Stack Flue Gas

The mean PCDD/F concentrations in the stack flue
gases of various sources are listed in Table 1. The mean
total PCDD/F concentration ranged from 0.315 to 18.7
ng/Nm’, while the corresponding total I-TEQ value ranged
from 0.00681 to 0.703 ng I-TEQ/ Nm”®. These results are
close to those of previous studies, such as, 0.28 ng
I-TEQ/Nm® for EAF, 3.3-22.7 ng I-TEQ/Nm’ for ALS and
0.166—4.13 ng I-TEQ/Nm’ for JP (Chen et al., 2004; Lee
et al.,2005; Li et al., 2007a; Hu et al., 2009).

The results of the experiment showed that the total
PCDD/F I-TEQ concentrations from secondary ALS, CM
and JP-A were higher than the PCDD/F emissions standard
for a stationary source (0.1 ng I-TEQ/Nm®) (EPA Taiwan,
2009). Therefore, using some air pollution control methods,
such as activated carbon injection and bag filter, are
necessary to reduce PCDD/F emissions from the above
emission sources.

In addition, the PCDFs are the major contributors of
PCDDs/PCDFs, because the PCDDs/PCDFs I-TEQ ratio is
< 1. For CM, the mean total PCDD/F I-TEQ concentration
was 0.139 ng I-TEQ/ Nm®, which is close to that found in a
previous study (0.322 ng I-TEQ/Nm3)(Wang et al., 2003c).
In addition, the mean total PCDD/F I-TEQ concentration
from JP-A and JP-B were 0.00681-0.703 ng I-TEQ/Nm’,
which is slightly lower than in another earlier report
(0.166—4.13 ng I-TEQ/Nm’)(Hu et al., 2009).
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Table 1. PCDD/F concentration in the stack flue gas from various sources.

15

EAF RSD % Secondary popy o,

PCDD/Fs o CM RSD% JP-A RSD% JP-B RSD %
2.3.7.8-TeCDD 000162 729 000895 583 000508 418 00164 499 0000715 482
12.3,7.8-PeCDD 000638 915 00137 574 00173 612 00942 498 000151 537
1.2.3,4.7.8-HxCDD 000469 100 000574 372 00245 784 0167 587 000207 468
1.2.3,6.7.8-HxCDD 0014 106 000983 302 00663 830 0349 80.8 000352 589
12.3,7.8.9-HxCDD 000797 108  0.00847 289 00521 828 0283 764 000341 558
12,3.4,6,7,8-HpCDD 00552 109 00403 394 0495 821 293 100 00392 613
0CDD 00343 748 00411 587 0565 612 368 967 0181  79.0
2.3.7.8-TeCDF 00221 670 0648 426 00359 387 00853 525 000194 313
1.2.3,7.8-PeCDF 00229 857 0163 363 00502 502 0209 651 000221 272
2.3.4,7.8-PeCDF 00401 900 0208 303 00834 565 0351 679 000361 245
1.2.3.4.7.8-HxCDF 00327 984 0078 369 0117 744 0726 852 000369 25.7
1.2.3.6.7.8-HXCDF 00279 981 00719 386 0132 751 0669 87.6 000406 34.8
1.2.3.7.8.9-HxCDF 0027 997 00777 324 00273 922 0153 862 000116 502
2.3.4.6.7.8-HxCDF 000282 113 000378 466 0216 810 126 981 000591 36.5
12.3.4.6,7,.8-HpCDF 00677 102 0220 252 0686 827 414 109 00201 455
12.3.4.7.8.9-HpCDF 00102 105 00205 355 00978 815 0681 104 000399 48.0
OCDF 00169 776 00642 487 03890 741 290 117 00369 923
PCDDs 0124 972 0128 467 123 705 752 940 0232 746
PCDFs 027 935 156 331 184 760 112 103 0084 623
PCDDs/PCDFs ratio 0443 - 00817 - 0730 - 0738 - 263 -
Total PCDD/Fs ng/Nm® 0394 946 169 330 306 735 187 996 0315  70.9
PCDD ng -TEQ/Nm®  0.00808 92.8  0.0186  53.6 00335 695 0176 63.1 000294 51.9
PCDFsng I-TEQ/Nm® 00332 910 0203 328 0105 678 0526 834 000387 30.3
PCDDs/PCDFs (TEQ) ratio 0.227 - 00905 - 0312 - 0372 - 0730 -
Total PCDD/F I-TEQ 00413 913 0221 332 0139 682 0703 781 000681 39.6

ng -TEQ/Nm’

Fig. 1 shows the congener profiles of the 17 2,3,7,8-
substituted PCDD/Fs and each selected congener was
normalized by the sum of 17 PCDD/Fs. For EAF, the
dominant congeners were 1,2,3,4,6,7,8-HpCDF (17.1%) and
1,2,3,4,6,7,8-HpCDD (13.9%) (Fig. la). As for secondary
ALS, the major congeners were 2,3,7,8-TeCDF (38.3%) and
1,2,3,4,6,7,8-HpCDF (13.5%) (Fig. 1b). For CM, the most
abundant congeners were 1,2,3,4,6,7,8-HpCDF (22.4%),
OCDD (18.5%), and 1,2,3,4,6,7,8-HpCDD (16.1%) (Fig.
1¢). The OCDD (19.6-57.5%), 1,2,3,4,6,7,8-HpCDF (6.37—
22.1%), 1,2,3,4,6,7,8-HpCDD (12.4-15.7%) and OCDF
(11.7-15.5%) were the dominant congeners in JP-A and
JP-B (Fig. 1d and le).

Emission Factors of Various PCDD/F Sources

The emission factors can be used to establish the
PCDD/Fs inventory and to develop an integrated the
PCDD/F control strategy. Table 2 lists the measured mean
emission factors of PCDD/Fs from the five emission
sources. The input rate of feeding materials from EAF,
secondary ALS, JP-A, JP-B and CM are 72.0 ton/hr, 1.2
ton/hr, 4.0 kg/hr, 2.4 kg/hr, and 0.5 body/hr, respectively.
The emission factor of PCDD/F from EAF, secondary
ALS, JP-A and JP-B are 0.416, 3.50, 0.166 and 0.00827
pg I-TEQ/ton, respectively. These results are consistent

with those obtained in previous studies, which were
1.8-2.4 pg I-TEQ/ton for EAF, 2.66-50.1 ng I-TEQ/ton
for ALS and 0.0203-0.176 pg I-TEQ/ton for JP (Chen et
al., 2004; Lee et al., 2005; Lin et al., 2007; Li et al., 2007a;
Hu et al., 2009). For CM, the emission factor is 5.36 pg
I-TEQ/body, which is also close to the results in an earlier
study (6.11-13.6 ug I-TEQ/body) (Wang et al., 2003c).

PCDD/F Contents in Fly Ash and Bottom Ash

The mean PCDD/F contents in fly ash and bottom ash
are listed in Table 3. The mean total PCDD/F content in
fly ash from EAF and secondary ALS were 1039, and 639
ng/kg, respectively, while the corresponding I-TEQ values
were 74.0, 49.9 ng I-TEQ/kg. As for bottom ash, the total
PCDD/F content from EAF, secondary ALS, JP-A and
JP-B were 528, 8.87, 8.36 and 5.98 ng/kg, respectively,
and the corresponding I-TEQ values were 21.3, 0.494,
0.457 and 0.148 ng I-TEQ/kg. The highest total PCDD/F
I-TEQ value (74.0 ng I-TEQ/kg) in fly ash from EAF was
lower than that (194 ng I-TEQ/kg) from a municipal solid
waste incinerator (Giugliano et al., 2002). Since the total
flue gas PCDD/F concentration is low, the fly ash contents
are also expected to be low.

Fig. 2 shows the congener profiles of the 17 2,3,7,8-
substituted PCDD/Fs and each selected congener was
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normalized by the sum of 17 PCDD/Fs. For EAF, the
major congeners in fly ash were OCDF, 1,2,3,4,6,7,8-
HpCDF and 1,2,3,7,8,9-HxCDF (Fig. 2a); in bottom ash
they were OCDD, 1,2,3,4,6,7,8-HpCDD, and OCDF (Fig.
2b). As for secondary ALS, the dominant congeners in fly
ash were OCDD, 2,3,7,8-TeCDF and OCDF (Fig. 2¢); in
bottom ash they were OCDF, OCDD and 1,2,3,4,6,7,8-
HpCDF (Fig. 2d). For JP-A and JP-B, the most abundant
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congeners were OCDD, OCDF, 1,2,3,4,6,7,8-HpCDF, and
1,2,3,4,6,7,8-HpCDD (Fig. 2e and 2f).

PCDD/F Removal Efficiency by Bag Filter

The gas samples were taken at the same time before and
after the bag filters to evaluate the efficiencies of the filters
in EAF. The mean PCDD/F emission rate before and after
the bag filter were 277 and 400 pg/hr, respectively, while
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Fig. 1. Congener profiles of seventeen 2,3,7,8-subsituted PCDD/Fs in flue gases from various sources.
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Table 2. PCDD/F emission factor from various sources.
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PCDD/Fs EAF Secondary ALS CM JP-A JP-B
2,3,7,8-TeCDD 0.0163 0.142 0.281 0.00386 0.000864
1,2,3,7,8-PeCDD 0.0643 0.216 0.964 0.0222 0.00183
1,2,3,4,7,8-HxCDD 0.0472 0.0909 0.897 0.0393 0.00251
1,2,3,6,7,8-HxCDD 0.141 0.155 243 0.082 0.00427
1,2,3,7,8,9-HxCDD 0.0803 0.134 1.91 0.0666 0.00415
1,2,3,4,6,7,8-HpCDD 0.556 0.637 18.0 0.692 0.0477
OCDD 0.346 0.650 20.4 0.87 0.220
2,3,7,8-TeCDF 0.224 10.2 1.33 0.0201 0.00235
1,2,3,7,8-PeCDF 0.231 2.58 1.85 0.0493 0.00269
2,3,4,7,8-PeCDF 0.404 3.29 3.07 0.083 0.00439
1,2,3,4,7,8-HxCDF 0.329 1.24 4.32 0.171 0.00449
1,2,3,6,7,8-HxCDF 0.281 1.14 4.85 0.158 0.00494
1,2,3,7,8,9-HxCDF 0.272 1.23 1.01 0.0362 0.00141
2,3,4,6,7,8-HxCDF 0.0284 0.0598 7.92 0.297 0.00718
1,2,3,4,6,7,8-HpCDF 0.682 3.62 25.1 0.979 0.0244
1,2,3,4,7,8,9-HpCDF 0.102 0.325 3.57 0.1608 0.00485
OCDF 0.171 1.02 14.1 0.686 0.0446
PCDDs 1.25 2.03 44.9 1.77 0.282
PCDFs 2.72 24.7 67.1 2.64 0.101
PCDDs/PCDFs ratio 0.459 1.29 0.669 0.344 1.77
Total PCDD/Fs pg/ton 3.97 26.8 112 4.41 0.383
PCDDs pg I-TEQ/ton 0.0812 0.295 1.49 0.0416 0.00357
PCDFs pg I-TEQ/ton 0.335 3.21 3.87 0.124 0.00470
PCDDs/PCDFs (TEQ) ratio 0.242 1.43 0.384 0.1653 0.436
Total PCDD/F I-TEQ pg I-TEQ/ton 0.416 3.50 5.36 0.166 0.00827

Table 3. PCDD/F content in fly ash and bottom ash from various sources.
PCDD/Fs EAF Secondary ALS JP-A JP-B
Flyash  Bottomash  Fly ash Bottom ash Bottom ash Bottom ash

2,3,7,8-TeCDD 1.11 0.255 1.67 0.0300 0.0257 0.00867
1,2,3,7,8-PeCDD 6.22 2.01 3.45 0.0373 0.107 0.0273
1,2,3,4,7,8-HxCDD 6.06 2.62 2.50 0.0230 0.0767 0.0243
1,2,3,6,7,8-HxCDD 14.3 13.6 4.45 0.0350 0.126 0.0577
1,2,3,7,8,9-HxCDD 12.0 9.77 4.19 0.0313 0.0827 0.0233
1,2,3,4,6,7,8-HpCDD 73.0 110 42.0 0.293 0.450 0.361
OCDD 79.8 124 107 1.63 3.18 3.63
2,3,7,8-TeCDF 23.2 4.12 105 0.741 0.429 0.163
1,2,3,7,8-PeCDF 34.5 7.17 33.5 0.498 0.318 0.0997
2,3,4,7,8-PeCDF 69.4 17.0 48.0 0.424 0.386 0.105
1,2,3,4,7,8-HxCDF 59.9 13.1 234 0.290 0.239 0.0837
1,2,3,6,7,8-HxCDF 69.7 15.1 20.5 0.329 0.230 0.0847
1,2,3,7,8,9-HxCDF 102 29.5 273 0.341 0.0867 0.0160
2,3,4,6,7,8-HxCDF 8.91 293 4.39 0.0657 0.255 0.104
1,2,3,4,6,7,8-HpCDF 200 58.9 90.5 1.30 0.574 0.345
1,2,3,4,7,8,9-HpCDF 67.2 21.8 16.9 0.250 0.0770 0.0807
OCDF 211 96.1 105 2.56 1.71 0.763
PCDDs 192 262 166 2.08 4.05 4.14
PCDFs 846 266 474 6.79 431 1.84
PCDDs/PCDFs ratio 0.227 0.987 0.349 0.306 0.940 2.24
Total PCDD/Fs ng/kg 1039 528 639 8.87 8.36 5.98
PCDD ng I-TEQ/kg 8.27 5.08 5.04 0.0622 0.115 0.0401
PCDFs ng I-TEQ/kg 65.7 16.2 44.8 0.432 0.341 0.108
PCDDs/PCDFs (TEQ) ratio 0.126 0.313 0.112 0.144 0.338 0.372
Total PCDD/F I-TEQ 74.0 213 49.9 0.494 0.457 0.148

ng I-TEQ/kg
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Fig. 2. Congener profiles of seventeen 2,3,7,8-subsituted PCDD/Fs in fly ash and bottom ash from various sources

the corresponding I-TEQ values were 21.7 and 42.1 ng
I-TEQ/hr. The results show that, there was a reduction
of —44.4 and —94.0% for total PCDD/Fs and total PCDD/Fs
TEQ, respectively. This phenomenon was recognized as
being due a “memory effect”, in which the wet scrubber
made up of plastic material enhanced the PCDD/F
adsorption and subsequent desorption (Kim et al., 2001;
Lothgren and Bavel, 2005). Therefore, the bag filters must

be replaced regularly in order to reduce PCDD/F emissions.

Indicatory PCDD/Fs

The indicatory PCDD/F that had the three highest ratio
values of PCDD/Fs from various sources are listed in
Table 4. A comparison with other PCDD/F emission
sources was made, and these were selected from previous
studies to determine the indicatory PCDD/Fs from the
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Table 4. Indicatory PCDD/F of various PCDD/F emission
sources.

. PCDD/F Indicatory PCDD/Fs Ratio
emission sources Values

EAF 1,2,3,7,8,9-HxCDF 46.9
2,3,7,8-TeCDF 12.3

1,2,3,7,8-PeCDF 11.5

Secondary ALS 2,3,7,8-TeCDF 83.9
1,2,3,7,8,9-HxCDF 314

1,2,3,7,8-PeCDF 19.1

CM 2,3,4,6,7,8-HxCDF 31.6
OCDF 9.93

1,2,3,4,6,7,8-HpCDD 8.85

JP-A 2,3,4,6,7,8-HxCDF 30.0
OCDF 12.1

1,2,3,4,6,7,8-HpCDD 8.57

JP-B OCDD 23.7
OCDF 9.14

2,3,4,6,7,8-HxCDF 8.38

present study (US EPA 2001; Lee et al., 2004; Lin et al.,
2006; Lin et al., 2007). The indicatory PCDD/Fs of EAF,
and secondary ALS have the same congeners: 1,2,3,7,8,9-
HxCDF, 2,3,7,8-TeCDF, and 1,2,3,7,8-PeCDF. In addition,
CM, JP-A and JP-B have similar indicatory PCDD/Fs:
2,3,4,6,7,8-HxCDF, OCDF, 1,2,3,4,6,7,8-HpCDD, and
OCDD. However, the results of the indicatory PCDD/F of
emission sources in this study are dependent on the
database used.

The Fate of PCDD/Fs

The contribution fractions of total PCDD/F in fly ash,
bottom ash and stack flue gas from EAF were
approximately 61.1%, 38.9% and 0.00587%, respectively,
whereas they were 95.3%, 3.31% and 1.37% from
secondary ALS. These results show that fly ash from
metallurgical facilities (EAF, secondary ALS) contributed
a high total PCDD/F mass that is consistent with the
results in a previous study (Li er al., 2007b). However,
JP-A and JP-B contribute over 99.9% of total PCDD/F
from stack flue gas and only 0.00947% is from bottom ash.
Therefore, the high contribution of total PCDD/F in fly ash
from the metallurgical facilities (EAF, secondary ALS)
should be carefully treated, while JP-A and JP-B need to
be equipped with some air pollution control devices (bag
filters) to reduce PCDD/F emission.

CONCLUSIONS

The mean total PCDD/F I-TEQ concentration of five
different sources ranged from 0.00681 to 0.703 ng
I-TEQ/Nm’, while the emission factor of PCDD/Fs ranged
from 0.00827 to 3.50 pg I-TEQ/ton (5.36 ng I-TEQ/body
for CM). Furthermore, in the indicatory PCDD/Fs analysis,
the EAF, and secondary ALS have the same congeners,
while CM, JP-A and JP-B have similar indicatory
PCDD/Fs. In addition, the highest contribution of total
PCDD/Fs is from fly ash (61.1-95.3%) for metallurgical

facilities (EAF, secondary ALS), while 99.9% of the stack
flue gas is from JP. Hence, fly ash from the metallurgical
facilities should be carefully treated and JP incinerators
need to be equipped with some air pollution control
devices (such as bag filters) to reduce PCDD/F emission.
Moreover, the removal efficiency of PCDD/F by bag
filters was —44.4%, and this result was due to the PCDD/F
memory effect with these filters. Therefore, bag filters
must be replaced regularly in order to reduce PCDD/F
emissions.
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