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ABSTRACT

To our best knowledge, this study is the first research which investigates whether the PCDD/F memory
effect could also be caused by bag filters. In this study, the PCDD/F characteristics of the flue gases in front
of and behind the bag filters of one municipal solid waste incinerator (MSWI) and two electric arc furnaces
(EAFs) were investigated to clarify the memory effect of PCDD/Fs and their influence on emissions. After
the bag filters were operated for over four years, the PCDD/F concentrations in the stack flue gases were
all higher than those prior to the aged bag filter, rendering a negative PCDD/F removal. This memory effect
is because gaseous phase PCDD/Fs are released from the contaminated filters of the aged bag filters. The
release of 2,3,7,8-TeCDF, 1,2,3,7,8-PeCDF and 2,3,4,7,8-PeCDF from the contaminated filters of the EAFs
increased the PCDD/F concentration and their fractions in the stack flue gases. In contrast, the MSWI
exhibited increasing fractions of 1,2,3,4,6,7,8-HpCDD, OCDD after flue gases passed through its aged bag
filter. The activated carbon of the MSWI adsorbed more lower chlorinated-substituted PCDD/Fs in the raw
flue gases, and the remaining higher chlorinated congeners gradually accumulated on the aged filters,

Start-up and were released in lower PCDD/F concentration conditions.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Being poorly soluble and resistant to degradation, poly-
chlorinated dibenzo-p-dioxins and polychlorinated dibenzofurans
(PCDD/Fs) persistin the environment and bioaccumulate in animals
and humans. In many countries, the public is seriously concerned
about the PCDD/F emissions from incineration and/or industrial
thermal processes. The important sources of PCDD/Fs have been
reported as the waste incinerators, iron ore sintering, coal-fired
power plants, electric arc furnaces (EAFs), and open burning of
rice straw [1]. The atmospheric PCDD/F concentrations have been
observed influenced by stationary sources nearby, such as sinter
plant, secondary metallurgical melting processes [2-5]. During the
biomass burning season, the total PCDD/F I-TEQ concentrations in
the ambient air were even approximately 4-17 times higher than
those without biomass open burnings [6].

To reduce PCDD/F emissions from stationary sources, air pollu-
tion control devices (APCDs) such as bag filters and electrostatic
precipitators (EP) are used to removal particulate phase PCDD/Fs,
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while methods like activated carbon injection and catalytic
destruction/oxidation are used to adsorb or destroy gaseous phase
PCDD/Fs. Other research adopted inhibitors to control PCDD/F
emissions, for example, addition of natural organic enzyme-7F
(NOE-7F) in the raw materials of EAF dust treatment plant dechlori-
nated PCDD/Fs, and inhibited highly chlorinated PCDD/F formation
[7]. Adding CaO to adsorb HBr inhibits the formation of polybromi-
nated dibenzo-p-dioxins and dibenzofurans (PBDD/Fs) by more
than 90% [8]. Although EP also collects fly ashes with high effi-
ciency (>98%), the electric field in an EP can increase gaseous phase
PCDD (and perhaps PCDF) formation potential [9]. Consequently,
bag filters are more effective than EPs in controlling PCDD/Fs [10].

The chlorine contents in the feeding wastes of municipal solid
waste incinerators (MSWIs) are usually below the threshold at
0.8%-1.1%, representative of unfavorable condition for high PCDD/F
formation [11]. Nevertheless, even during stable combustion and
good APCD operating conditions, MSWIs may emit higher PCDD/F
emissions than expected, revealing a “memory” of the previous
worse operating conditions. There are two types of PCDD/F mem-
ory effects defined as de novo based memory effect and adsorptive
memory effect by Weber et al. [12]. The de novo based memory
effect may be caused by high PCDD/F emissions resulting from
the start-up procedure [13], incomplete combustion and disturbed
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Table 1
Basic information concerning the MSWI and EAFs.

Emission sources MSWI

Feeding
waste/materials
(th™")

Municipal solid
waste (12.5)

APCDs in sequence (operational temperature, °C)

Polytetrafluoroethylene

[nformathn Diameter: 14.5 cm
concerning bag Length: 550 cm
filters Number: 700

Mean stack flue gas flow (Nm3 h—1) 58,400

Temperature of stack flue gases (°C) 161

Dry scrubber, activated carbon injection, bag filter (165)

EAF 1 EAF 2

Faulty iron products (2.26)  Faulty iron products (2.30)
Scrap (0.98) Scrap (0.97)

Cast iron (2.32) Castiron (2.16)

Total (5.56) Total (5.43)

Cyclone, bag filter (40) Bag filter (40)

Polyethylene
Diameter: 15cm
Length: 355 cm

Polytetrafluoroethylene
Diameter 14.5cm
Length: 550 cm

Number: 400 Number: 200
11,200 21,200
37 38

combustion conditions [14]. In these situations, the surfaces of the
boiler and pipe are contaminated by soot particles containing high
PCDD/F contents as well as hydrocarbons, which improve de novo
synthesis of PCDD/F formation at these locations [12,14,15].In addi-
tion to these “high temperature” memory effects [16], the desorbed
PCDD/Fs from the filling surfaces of wet scrubbers, which occurs in
the low temperature, increases the PCDD/F concentrations over a
longer period of time [17].

For the “high temperature” memory effects, even 18 h after the
injection of activated carbon, the memory effect caused by the start-
up (96.9 ng I-TEQ Nm~3) maintains the PCDD/F concentrations at
the level of 4 ng I-TEQ Nm~3 (40 times higher than Taiwan’s emis-
sion limit) [13]. As for the “low temperature” memory effects, most
studies focus on the memory effect of wet scrubbers on PCDD/Fs
[17-19]. The PCDD/F concentrations in the outlets of the wet scrub-
bers have been reported to be higher than those in their inlets
among three MSWIs, and the PCDD/F concentrations in the inlets
vs. outlets of the wet scrubbers were 0.29 ng I-TEQ Nm~3 vs. 0.50 ng
I-TEQ Nm~3 [18], 0.30 ng I-TEQ Nm~3 vs. 4.80ng I-TEQ Nm~3, and
0.35ngI-TEQNm~3 vs. 0.54 ng I-TEQ Nm—3 [20]. To our best knowl-
edge, no study address whether the PCDD/F memory effect could
also be caused by bag filters.

In this study, the bag filters of one MSWI and two EAFs were
investigated for their memory effect on PCDD/Fs by simultaneously
sampling flue gases from the inlets of bag filters and stacks after four
years and one month usage of the filters. Furthermore, gaseous and
particulate phase PCDD/Fs in the stack flue gases of the MSWI were
sampled two weeks after start-up and during normal conditions to
clarify how the contaminated filters affect PCDD/F concentrations
in the treated flue gases.

2. Experimental
2.1. Background information concerning the MSWI and EAFs

The basic operating information concerning the MSWI and
EAFs is described in Table 1. The continuously operating MSWI
investigated in this study consists of four 450 tday~!, two-stage,
starved-air modular incinerators, each of which includes its own
heat recovery system, dry scrubber, activated carbon injection, bag
filter and stack. The operation type of the EAFs is intermittent, with
scrap, faulty iron products and cast iron as their feeding materials,
and cyclone and bag filters as their APCDs.

2.2. Sampling procedures
All the stack flue gas and ash samplings, as well as chemi-

cal analyses were carried out by our accredited laboratory, which
specializes in PCDD/F samplings and analyses in Taiwan. For each

facility, the flue gases were simultaneously sampled from the inlet
of the bag filter and stack after four-year and one-month usage of
bag filters. Three flue gas samples were collected from each sam-
pling port of the MSWI and the EAFs. Furthermore, each five stack
flue gas samples were collected two weeks after start-up of the
MSWI and during its normal condition.

The stack flue gas samples were collected isokinetically follow-
ing U.S. EPA Modified Method 23 [21] using a U.S. EPA Modified
Method 5 sampling train [22]. The sampled flue gas volumes were
normalized to the dry condition of 760 mmHg and 273K, and
denoted as Nm3. The collection time of each flue gas sample of
MSWI lasted for three hours, while those of the EAFs lasted two to
three hours and combined three whole batch operating process.

Furthermore, the filters (thickness: 1cm) along with the
adhered ash cakes (1-2 mm) were cut (10cm x 10cm) from the
upper, middle and lower parts of the aged bag filters for PCDD/F
analyses. Each sample was a composite from at least ten filters. The
fly ashes collected by the bag filters were also sampled, and then the
ash samples were well-mixed and diagonally sectioned for PCDD/F
analyses.

2.3. Analyses of PCDD/Fs

Analyses of the flue gas samples were performed following U.S.
EPA Modified Method 23 [21], while those of the filter and fly ash
samples conformed to the U.S. EPA Modified Method 1613 [23].
Prior to analysis, each collected sample was spiked with a known
amount of the 13C;5-labeled internal standard to the extraction
thimble. Toluene was added to fill the reservoir approximately 2/3
full, and the heat source was adjusted to cause the extractor to cycle
three times per hour. After being extracted for 24 h, the extract was
concentrated and treated with concentrated sulfuric acid, and this
was followed by a series of sample cleanup and fractionation proce-
dures, including multilayer silica gel column, alumina column and
activated carbon column. The eluate was concentrated to approxi-
mately 1 mL and transferred to a vial. The concentrate was further
concentrated to near dryness using a stream of nitrogen. Immedi-
ately prior to analysis, the standard solution for recovery checking
was added to the sample.

A high-resolution gas chromatograph/high-resolution mass
spectrometer (HRGC/HRMS) was used for PCDD/Fs analyses. The
HRGC (Hewlett Packard 6970 Series gas, CA, USA) was equipped
with a DB-5MS fused silica capillary column (L= 60 m, ID = 0.25 mm,
film thickness=0.25 um) (J&W Scientific, CA, USA), and with a
splitless injection. Helium was used as the carrier gas. The oven
temperature was programmed with aninitial temperature of 150 °C
(held for 1 min), followed by 30°Cmin~! ramping to 220°C (held
for 12 min), followed by a 1.5°Cmin~! ramping to 240 °C (held for
5min), then to 310°C (held for 20 min). The HRMS (Micromass
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Table 2
PCDD/F concentrations in the flue gases in front of and behind the aged bag filters.
PCDD/Fs MSWI EAF 1 EAF 2
Before bag filters (n=3) After bag filters (n=3) Before bag filters (n=3) After bag filters (n=3) Before bagfilters (n=3) Afterbag filters(n=3)
Mean RSD (%) Mean RSD (%) Mean RSD (%) Mean RSD (%) Mean RSD (%) Mean RSD (%)
Total PCDDs 1.16 16.0 8.69 29.6 0.0569 29.6 0.0434 14.4 0.103 24.2 0.238 19.7
Total PCDFs 0.782 16.9 2.44 229 0.0677 34.4 0.0911 12.3 0.346 26.0 0.900 224
PCDFs/PCDDs Ratio 0.676 2.2 0.284 6.4 1.18 6.4 2.11 2.3 3.35 39 3.77 2.9
Total PCDD/Fs (ngNm—3) 1.94 16.3 11.1 28.1 0.125 32.2 0.134 129 0.449 25.6 1.14 21.9
Total PCDD/Fs I-TEQ (ng I-TEQ Nm~3) 0.122 10.9 0.390 17.6 0.00529 353 0.0105 15.1 0.0442 28.8 0.142 234
Table 3
PCDD/F concentrations in the flue gases in front of and behind bag filters, and their PCDD/F removal efficiencies one month after deploying the new filters.
PCDD/Fs MSWI EAF 1 EAF 2
Concentrations Removal Concentrations Removal Concentrations Removal
efficiency (%) efficiency (%) efficiency (%)
Before bag After bag filters Mean RSD (%) Before bag After bag filters Mean RSD (%) Before bag After bag filters Mean RSD (%)
filters (n=3) (n=3) filters (n=3) (n=3) filters (n=3) (n=3)
Mean RSD(%) Mean RSD (%) Mean RSD (%) Mean RSD (%) Mean RSD (%) Mean RSD (%)
Total PCDDs 2.32 47.6 0992 18.7 49.1 56.7 0.158 19.8 0.119 254 24.5 53.9 0.235 14 0.115 24.0 65.8 35.2
Total PCDFs 1.25 43.7 0.0832 12.1 92.0 52 0.813 11.8 0.118 23.2 85.6 2.6 0.657 55 0.319 5.6 65.6 37.6
Total PCDD/Fs (ng Nm~—3) 3.57 46.2 1.08 18.0 64.4 30.0 0969 13.1 0.236 24.2 75.7 5.4 0.893 3.7 0.433 10.2 65.9 36.4

Total PCDD/Fs I-TEQ (ng -TEQ Nm~—3)  0.207  44.2 0.0305 11.8 82.7 111 0.127 14.0 0.0145 204 88.7 13 0.117 129 0.0549 10.7 66.9 36.2
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Autospec Ultima, Manchester, UK) was equipped with a positive
electron impact (EI+) source. The analyzer mode of the selected
ion monitoring (SIM) was used with resolving power at 10,000.
The electron energy and source temperature were specified at
35eV and 250°C, respectively. Details of the analytical procedures
are given in our previous work [24]. The recoveries of PCDD/F
internal standards for the tetra- through hexa-chlorinated homo-
logues were between 75% and 102%, and met the criteria within
40%-130%, while that for the hepta- and octachlorinated homo-
logues were between 65% and 105%, and met the criteria within
25%-130%.

3. Results and discussion

3.1. Elevated PCDD/F concentrations in the stack flue gases of the
facilities with the aged bag filters

The PCDD/F concentrations in the raw flue gases and flue gases
treated by the aged bag filters (that is, the stack flue gases) which
had been operated for over four years, are shown in Table 2. The
PCDD/F concentrations in the stack flue gases were all higher than
those in front of the aged bag filter, and were 0.122 ng I-TEQ Nm—3
vs. 0.390ng I-TEQ Nm~3 for MSWI1, 0.00529 ng I-TEQ Nm~—3 vs.
0.0105ng I-TEQ Nm~3 for EAF1 and 0.0442ng I-TEQ Nm—3 vs.
0.142 ng I-TEQ Nm~3 for EAF2. That is, after the flue gases passed
through the bag filters which were originally designed to remove
pollutants, the PCDD/F I-TEQ concentrations in the stack flue gases
were elevated 3.0, 2.0 and 3.2 times for the MSWI, EAF1 and EAF2,
respectively, rendering a negative PCDD/F removal. It needs to
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mention EAF2 with levels of below 0.1 ng I-TEQ Nm~3 inlet con-
centration to levels of above 0.1 ng I-TEQ Nm~—3 and therefore to
levels above legislation level often applied. Similar phenomena
have been reported for the use of wet scrubbers [17,20], and recog-
nized as a memory effect resulting from the fact that PCDD/Fs are
adsorbed on scrubber fillings and thus lead to unexpected PCDD/F
releases when the plant is running under more stable conditions
[20,25,26].

The negative PCDD/F removal of the bag filters could result from
the inner walls of the ducts behind the bag filters are fouled by
the soot particles generated from start-up procedure or disturbed
combustion conditions. Under this circumstance, PCDD/F forma-
tion is improved through de novo synthesis by the soot particles at
these favorable sites [12,15]. However, the operating temperatures
of the bag filters in this study, which were only 40°C and 165°C
for the EAFs and MSW], are too low for de novo synthesis [27,28].
The temperatures of the flue gas in the ducts behind the bag filters
were about the same, so the PCDD/F formation through de novo
synthesis should be very minor. Consequently, we concluded that
the negative PCDD/F removal that occurred in the MSWI and EAFs
resulted from the memory effect of the aged bag filters, not likely
formed in the inner walls of the ducts behind the bag filters or the
adhered ash cakes of bag filters.

3.2. PCDD/F removal efficiencies of the new bag filter
The aged filters of the bag filters were the potential sources

of PCDD/Fs for the three facilities, because the low PCDD/F con-
centrations in the raw flue gases of the EAFs revealed the furnace
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Fig. 1. PCDD/F characteristics in the collected fly ashes and the samples of the filters along with the adhered ash cakes.
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Particulate phase
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Fig. 2. PCDD/F congener profiles in the stack flue gases of the MSWI sampled in two weeks after start-up and during normal conditions.

operations and combustion conditions should be unfavorable for
PCDD/F formation. Consequently, we replaced all the aged filters
with the brand new ones for the three facilities. In order to pre-
vent the memory effect caused by the cold start-up, especially for
that of the MSWIs [13], one month after deploying the new filters,
the PCDD/F concentrations in the flue gases were sampled in front
of and behind the bag filters for evaluating their PCDD/F removal
efficiencies, as shown in Table 3. For the MSWI, the PCDD/F concen-
tration in front of the bag filters (0.207 ng I-TEQ Nm~3) was close
to the previous measurement (0.122 ng I-TEQ Nm~3), while for the
EAFs, the PCDD/F concentrations in front of the bag filters (0.127
and 0.117 ng I-TEQ Nm~3) showed significant higher levels com-
pared to those measured the previous time (0.00529 and 0.0442 ng
I-TEQ Nm—3).

The wide range of PCDD/F concentrations in the stack flue gases
of EAFs has been observed as 0.041-0.83ng I-TEQ Nm~3 [29],
0.02-0.1 ng I-TEQ Nm—3 [30] and 0.7-9.2 ng I-TEQ Nm~3 [31]. Sim-
ilar results also occurred in secondary aluminum smelters, and
reported as 0.041-40 ng I-TEQ Nm~3 [29] and 0.02-21.5 ng I-TEQ
Nm~3 [31]. The range could reach one to three orders, and the
intrinsic differences in the feeding materials involved (scrap metal
contaminated by PVC plastics and cutting oils) in each batch and
the operational conditions of furnaces have been seen as the most
influential factors affecting the PCDD/F concentrations [29,32].
Assuming that the worst and best scenarios for the PCDD/F removal
efficiencies of bag filters are between 30% and 80%, the operating
conditions of bag filters only affect the PCDD/F concentrations in
stack flue gases within one order. Consequently, we consider that
the impurity and contamination levels of the feeding materials may
be the reason for the large PCDD/F concentration range in front of
the bag filters in this study.

The mean PCDD/F concentrations in front of the bag filters of
the MSWI, EAF1 and EAF2 were 0.207, 0.127 and 0.117 ng I-TEQ
Nm~3, respectively, while those in the stack flue gases were 0.0305,
0.0145 and 0.0549 ng I-TEQ Nm~3. For MSWI, the PCDD/F removal
efficiencies of the bag filter with activated carbon injection (feed-
ing rate of activated carbon: 0.67 kg/tonne-waste) were 82.7% on
toxicity bases, which were much lower than those (99%) of sim-
ilar APCD combinations [33]. Similar results have been reported
earlier [34], and attributed to the memory effect. That is, the soot
deposits (enriched in PCDD/Fs and precursors) on the surfaces of
the pipes behind bag filters could act as favorable sites for de novo
synthesis, and increasingly desorb into the flue gases when the
PCDD/F concentration in the flue gas is lower [ 18]. Both phenomena
raise the PCDD/F concentration in the stack flue gases. Continuously
injecting activated carbon will increase the removal efficiencies to
the normal level after a period of time. Therefore, it is important
to consider this effect when putting new filters in the bag filters
[34]. For EAFs, the PCDD/F I-TEQ removal efficiencies of the bag fil-
ters were between 66.9% and 88.7%, which were somewhat higher
than those (55.1%-64.0%) reported by previous studies [18,24]. The
higher removal efficiencies in this study may be due to the much
lower operational temperature (40 °C) of the bag filters than those
(200°C) in previous work, resulting in more gaseous phase PCDD/Fs
being adsorbed onto fly ashes, and then removed by the bag
filters.

3.3. PCDDJF contents in the collected fly ashes and the filters of
the aged bag filters

In order to find out how the aged filters of the bag filters became
the potential sources of PCDD/Fs, the PCDD/F contents in the brand
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Fig. 3. PCDD/F congener profiles in the flue gases in front of and behind the aged bag filters.

new and aged filters were analyzed. The PCDD/F measurements of
the brand new filters were all below the detection limit (data not
shown), but the PCDD/F contents in the aged filters along with the
adhered ash cakes (2.06 and 7.44 ng I-TEQ g~ ) were comparable or
even higher than those in the collected fly ashes (2.92 and 0.679 ng
I-TEQ g~1) (see Fig. 1). Although we did not individually measure
the PCDD/F contents in the filters and the adhered ash cakes, the cut
filters were much heavier than the adhered ash cakes, so the PCDD/F
contents in the filters should be close to those in the samples (filters
along with ash cakes). These results suggest that the aged filters
were contaminated by the raw flue gases and fly ashes, and PCDD/Fs
can accumulate among the filters.

The calculated total accumulations of PCDD/Fs for all the aged
filters were 2.57 and 1.73 mg I-TEQ for EAF1 and EAF2, respectively.
Assuming the elevation of PCDD/F concentrations in the stack flue
gases is 0.1 ng I-TEQ Nm~3 due to PCDD/F desorption, the influence
periods of the memory effects of the aged filters are about 96 and
34 consecutive days for EAF1 and EAF2, respectively.

3.4. Memory effect caused by the start-up of the MSWI

To investigate how the contaminated filters affect the PCDD/F
emission, the gaseous and particulate phase PCDD/Fs in the stack
flue gases of the MSWI were sampled two weeks after start-
up and during normal conditions. The congener profiles of both
gaseous and particulate phase PCDD/Fs and their corresponding
I-TEQ concentrations in the stack flue gases are illustrated in
Fig. 2. The gaseous phase PCDD/F concentration (mean: 0.103 ng
I-TEQ Nm—3) obtained two weeks after start-up was 6.8 times
higher than that (mean: 0.0151 ng I-TEQ Nm~3) sampled during
normal conditions, while the particulate phase PCDD/F concen-
trations were close to each other (0.0605ng I-TEQ Nm~3 vs.
0.0589 ng I-TEQ Nm~3), revealing that the influence of the mem-
ory effect caused by the start-up was mainly on the gaseous phase
PCDD/Fs in later stable conditions. In other words, the accumulated
PCDD/Fs from the start-up were released in the form of a gaseous
phase.
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The congener profile of the gaseous phase PCDD/Fs obtained
two weeks after start-up was dominated by 1,2,3,4,6,7,8-HpCDD
and OCDD. Although 1,2,3,4,6,7,8-HpCDD and OCDD were still the
most dominant congeners in the gaseous phase PCDD/Fs sampled
during normal conditions, the fractions of the lower chlorinated-
substituted PCDD/Fs, such as 2,3,7,8-TeCDF, 1,2,3,7,8-PeCDF and
2,3,4,7,8-PeCDF, increased compared to those sampled two weeks
after start-up. For the congener profiles of the particulate phase
PCDD/Fs, the difference between those samples was not so obvious.

The lower chlorinated-substituted PCDD/F congeners with
higher vapor pressure have more mass fraction in the gaseous
phase, and are more easily removed due to the gaseous phase
adsorption of activated carbon [35]. In other words, the mass
fractions of the higher chlorinated-substituted congeners in the
gaseous phase PCDD/Fs will increase after flue gases are treated by
activated carbon. During the start-up procedure, these remaining
PCDD/F congeners with elevated concentrations in gaseous phase
may contaminate the surface of the bag filters. In the later stable
conditions, these accumulated PCDD/F congeners slowly desorbed
from the contaminated filters into the gas phase, and this resulted
in the elevated levels in the flue gases obtained two weeks after
start-up being more dominated by higher chlorinated-substituted
PCDD/F congeners.

3.5. Memory effect caused by the aged bag filters

PCDD/F congener profiles in the flue gases in front of and behind
the bag filters over a four-year operation are illustrated in Fig. 3. The
MSWI utilized activated carbon injection to remove the gaseous
phase PCDD/Fs, while the EAFs did not. This resulted in the dif-
ference between EAFs and the MSWI in the change of PCDD/F
congener profiles after flue gases passed through the aged bag fil-
ters which adsorbed an appreciable amount of PCDD/Fs. For EAFs,
the fractions of the lower chlorinated-substituted PCDFs, such as
2,3,7,8-TeCDF, 1,2,3,7,8-PeCDF and 2,3,4,7,8-PeCDF, were elevated,
due to the release of the contaminated filters of the bag filters
with 2,3,7,8-TeCDF, 1,2,3,7,8-PeCDF and 2,3,4,7,8-PeCDF as abun-
dant congeners (see Fig. 1). In addition, those congeners with a
higher vapor pressure than those of the higher chlorinated PCDD/F
congeners lead to higher desorption into the gaseous phase.

In contrast, the MSWI exhibited increasing fractions of
1,2,3,4,6,7,8-HpCDD and OCDD after flue gases passed through its
aged bag filters. This was because the activated carbon of the MSWI
adsorbed more lower chlorinated-substituted PCDD/Fs in the raw
flue gases, and the remaining higher chlorinated congeners grad-
ually accumulated on the aged filters, and were released in lower
PCDD/F concentration conditions.

Most of the important PCDD/F emission sources, including sinter
plants, EAFs, secondary aluminum smelters, and waste incinera-
tors, have bag filters as one of the APCDs or the only one APCD
[36,37]. These important PCDD/F emission sources may all face
PCDD/F memory effect caused by aged bag filters. To reduce the
influence, the frequency of the operation of furnaces in unstable
conditions should be reduced. Furthermore, the bag filters should
be checked for the level of PCDD/F contamination by simultane-
ously sampling flue gases in front of and behind bag filters, when
the elevated PCDD/F concentrations in the stack flue gases contin-
uously occur in the stable and normal operation of facilities.

4. Conclusions

The gaseous phase PCDD/F concentration (mean: 0.103 ng I-TEQ
Nm~3) in the stack flue gases of the MSWI obtained two weeks
after start-up was 6.8 times higher than that (mean: 0.0151 ng I-
TEQ Nm~3) sampled during normal conditions, revealing that the

influence of the memory effect was mainly on the gaseous phase
PCDD/Fs in later stable conditions. To reduce the PCDD/F memory
effect caused by bag filters, unstable combustion conditions should
be avoided or at least minimized by responsible and educated oper-
ation of the facilities, and aged filters need to be replaced after a
certain operational period.
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