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CHAPTER 1
EXECUTIVE SUMMARY

The Air Management Technology Branch of EPA’s Office of Air Quality
Planning and Standards (0AQPS) was responsible for implementing Tier 4 of the
National Dioxin Study. Radian Corporation, under task order contract,
provided technical support for this program. The technical support included
developing Titerature surveys, preparing sampling protocols, conducting stack
tests, coordinating ash sampling efforts and preparing this and other reports.

The National Dioxin Study was focused on the study of chlorinated
dibenzo-p-dioxins (CDD’s), and in particular on polychlorinated °
dibenzo-p-dioxins containing four or more chlorine atoms (PCDD’s). The
acronyms CDD and PCDD will be used in this report to denote these species.
Chapter 2 contains a‘comp1ete’exp1anation of the nomenclature used in this
report.

The Tier 4 study began in November 1983 with an extensive literature
survey. The purpose of the literature survey was to 1) summarize previous
research done on emissions of CDD’s and chlorinated dibenzofurans (CDF’s) from
combustion processes, and 2) summarize available CDD and CDF emissions data
from combustion processes. This report is a final update of the initial
literature review and includes CDD/CDF emissions information available in the
literature through July of 1985.

The literature survey identified 13 broadly defined source categories for
which some PCDD and polychlorinated dibenzofuran (PCDF) emissions data was
available. These are shown in Table 1-1. The literature survey indicated that
municipal solid waste incinerators were the most frequently tested source
category and had the highest Tevels of PCDD’s and PCDF’s in stack gas
emissions. Commercial boilers co-firing spiked waste oil had the next highest
PCDD concentrations in stack gas emissions, followed by emissions from one
tested unit combusting pentachlorophenol-treated wood.

PCDOD’s and PCDF’s were not found in stack emissions from a1l combustion
sources for which data were reported in the literature. Two utility boilers

1-1
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firing PCB-spiked waste 0il, a lime kiln, a coal-fired utility boiler and the
incinerator ship M/T Vulcanus were all tested and had less than detectable
PCDD emissions. In general, the literature survey showed that where
combustion sources did emit PCDD’s or PCDF’s, these emissions appear to be
dependent on the types of fuel or waste being fired and whether or not the
combustion units were designed and operated specifically to.achieve the
destruction of compounds such as PCDD’s and PCDF’s.

 Emissions from combustion devices burning clean fuel such as natural gas
and distillate oil have not been adequately characterized. However, these
sources are unlikely to emit high levels of PCDD/PCDF’s because of the low
levels of precursors, specifically chlorine, present in the fuel. Some high
temperature (above 2,500°F firebox tempekature) combustion sources such as
utility boilers and cement kilns were also found to emit less than detectable
amounts of PCDD/PCDF under the test conditions.

Based on the Titerature review, several factors are believed to affect
CDD/CDF emissions. These factors include the PCDD content of the feed,
precursor content of the feed, chlorine content of the feed, combustion device
temperature, combustion device residence time, combustion device oxygen
availability, feed processing and supplemental fuel.
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CHAPTER 2
BACKGROUND

A Titerature review for sources of PCDD and PCDF air emissions was made
in 1983 by the Pollutant Assessment Branch (OAQPS/PAB) of the United States
Environmental Protection Agency (EPA).a This review was used as a starting
point for a more focused literature search concerning PCDD emissions from
combustion sources in early 1984. The 1984 Titerature review identified -
. sources of PCDD and PCDF air emissions and provided the data base on which
the Tier 4 testing program was deve]oped.b At the conclusion of the source
testing efforts, a final update of this review was conducted to include
CDD/CDF emissions information available through July of 1985. '

This chapter summarizes the final literature review. Industrial,
commercial, and residential combustion sources that have been tested for
CDD/CDF emissions are identified. Quantitative data are presented on
emissions of 2378-TCDD, PCDD’s, and PCDF’s. Qualitative information on the
source characteristics, feed composition, and samb]ing and analytical
methodologies are also presented. '

-

aBrooks, G. W. Summary of a Literature Search to Develop Information on
Sources of Chlorinated Dioxin and Furan Air Emissions. Final Report.

Contract No. 68-02-3513. U. S. Environmental Protection Agency, October
1983. :

b(Radian Corporation) National Dioxin Study--Tier 4 Combustioh Sources.

Initial Literature Review and Testing Options. EPA-450/4-84-014B. October
1984.
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2.1 BACKGROUND INFORMATION ON CHLORINATED DIBENZO-p-DIOXINS AND CHLORINATED
DIBENZOFURANS
2.1.1 Structure

Compounds which are generally labeled by the public as "dioxins" are
members of a family of organic compounds known chemically as
dibenzo-p-dioxins. The common aspect of all dibenzo-p-dioxin compounds is
that they have a three ring nucleus consisting of two benzene rings
interconnected by a pair of oxygen atoms. The structural formula of the
dioxin nucleus and the convention used in numbering its substituent positions
are shown in Figure 2-la. In general, the term "dioxins" is used to mean the
chlorinated isomers of dibenzo-p-dioxin. Theoretically, one to eight chlorine
atoms can occur at dioxin substituent positions such that 75 chlorinated
dioxin isomers are possible. Each isomer has its own physical and chemical
properties and differs from others in the number and relative position of its
chlorine atoms. The potential chlorinated dioxin isomers are listed in
Table 2-1.

One of the 22 isomers with four chlorine atoms is 2,3,7,8-tetrachloro-
dibenzo-p-dioxin (2378-TCDD). This isomer is the principal focus of the

Tier 4 study for three reasons:
1. 2378-TCDD is believed to be the most toxic of the chlorinated
dioxiqs,
2378-TCDD is the isomer most often associated with exposure and
potential health risks to humans, and
sufficient associated health and exposure information is
available on 2378-TCDD to allow a targeted study to be developed.
The compounds generally referred to as "furans" are members of a family
of organic compounds known chemically as dibenzofurans. They have a similar
structure to the dibenzo-p-dioxins except that the two benzene rings in the
nucleus are interconnected with a five member ring containing only one oxygen
atom. The structural formula of the furan nucleus and the convention used in
numbering its substituent positions are shown in Figuke 2-1b. Theoretically,
the chlorinated furan group can contain up to 135 different structural




Dibenzo - p - Dioxin Configuration
9 1
8 A2

‘Figure 2-la. Structural Formula of the Dioxin Nucleus

Dibenzofuran Configuration
9 | 1
8 ' 2

Figure 2-1b. Structural Formula of the Furan Nucleus’




isoﬁers, each with varying physical and chemical properties. The potential
chlorinated furan isomers are listed in Table 2-2.

- 2.1.2 Nomenclature Used in This Report _ ‘
Throughout this document the terms CDD and CDF will be used to
generically indicate chlorinated dibgnzo-p-dioxin or dibenzofuran compounds as
distinguished from specific chlorinated CDD or CDF isomers. The abbreviations
PCDD and PCDF are used to indicate polychlorinated dibenzo-p-dioxins (PCDD)
and polychlorinated dibenzofurans (PCDF) with four or more chlorine atoms. In
the discussion of emissions data the terms total PCDD and total PCDF represent
the sum of the emissions of the tetra through octa homologues. The term
“other TCDD’s" represents the sum of all CDD isomers containing four chlorine

“atoms except the 2378-TCDD isomer for which available emissions data are
described separately. The term "chlorinated CDD/CDF homologue" will be used
to.indicate the family of CDD/CDF isomers with a fixed number of chlorine
atoms. For example, the tetra chlorinated CDD homologue consists of all CDD
isomers containing four chlorine atoms. The abbreviations used for
chlorinated CDD/CDF. homologues are Tnc1uded in Tables 2-1 and 2-2.




Table 2-1. Nomenclature and Schedule of Theoretical
- Chlorinated Dioxin Isomers

Chlorinated Dioxin Compound (abbreviation)‘ No. of Isomers
Monoch1orodibenzo-p-dioxin (Mono-CDD) : .2
Dichlorodibenzo-p-dioxin (Di-CbD) ‘ 10
Trichlorodibenzo-p-dioxin (Tri-CDD) 14
Tetrachlorodibenzo-p-dioxin (TCDD) , 22
Pentachlorodibenzo-p-dioxin (Penta-CDD) 14
Hexachlorodibenzo-p-dioxin (Hexa-CDD) 10
Heptachlorodibenzo-p-dioxin (Hepta-CDD) 2
Octachlorodibenzo-p-dioxin (Octa-CDD) 1

TOTAL ISOMERS = 75

XS]
i
(8]




Table 2-2. Nomenclature and Schedule of Theoretical
- Chlorinated Furan Isomers

Chlorinated Furan Compound (abbreviation) No. of Isomers
Monochlorodibenzofuran (Mono-CDF) . 4
Dichlorodibenzofuran (Di-CDF) 16
Trichlorodibenzofuran (Tri-CDF) 28
Tetrachlorodibenzofuran (TCDF) 38
Pentachlorodibenzofuran (Penta-CDF) 28
Hexachlorodibenzofuran (Hexa-CDF) 16
Heptachlorodibenzofuran (Hepta-CDF) 4
Octachlorodibenzofuran (Octa-éDF) _1

TOTAL ISOMERS | 135

2-6




CHAPTER 3
LITERATURE REVIEW

This chapter summarizes the final Tliterature review. Industrial,
commercial, and residential combustion sources that have been tested for
CDD/CDF emissions are identified. Quantitative data are presented on
emissions of 2378-TCDD, PCDD’s, and PCDF’s. Qualitative information on the
source characteristics, feed composition, and rsampling and analytical
.methodologies are.also presented. _

Sections 3.1 and 3.2 present a summary of the literature reView.
Emissions data are presented for 2378-TCDD, PCDD, and PCDF, along with
qualitative information on source characteristics. CDD/CDF formation
hypotheses are summarized in Section 3.3. Section 3.4 presents a discussion
of factors affecting CDD emissions. Complete listings of CDD emissions data
available from the literature are provided in Appendix B.

3.1 OVERVIEW OF THE LITERATURE DATA BASE
A review of the literature identified thirteen broadly defined source

categories for which some PCDD and PCDF emiksions data have been collected:
0 municipal solid waste incinerators,

sewage sludge incinerators,

fossil fuel combustion,

wood combustion,

boilers co-firing wastes,

hazardous waste incinerators,

hospital incinerators,

Time/cement kilns,

wire reclamation incinerators,

PCB fires,

automobile emissions,

O O ©O 0 0 0o o o o ©
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0 activated carbon regeneration furnaces, and

) experimental studies.

The PCDD and PCDF emissions data for each source category are presented
in the following sections. The primary purpose of this presentation is to
identify combustion sources that emit PCDD’s and PCDF’s and, as a result of
comparisons of emissions and source characteristics, to identify combustion
sources that are unlikely to emit PCDD’s and PCDF’s. A positive finding in
the Titerature (i.e., detectable CDD emissions) may suggest the tested
combustion source emits CDD, but this conclusion can only be reached after
consideration of the quality of the reported data or research. Likewise, a
negative finding in the literature (i.e., less than detectable CDD emissions)
‘may be misleading if high detection limits or inappropriate sampling and
analysis methods were used. Direct comparison of data reported in the
literature by different researchers is difficult and should be done with

caution for several reasons. The data are often reported on different bases
which cannot easily be interconverted because of the lack of source-specific
information. Different sampling and analytical procedures were often used,
and detection Timits are frequently not specified. Facility design and

operation may vary considerably and this type of information is often
incompletely reported. Also, some data are available from draft reports,
emission tests, and other unpublished documents which have not been subjected
to peer or editorial review. For this reason, analysis or full explanation
of the Titerature data is not possible. However, for the purpose of the Tier
4 Study, broad generalizations can be drawn. In the following sections,
emission test results are presented separately for each study along with
appropriate tables. If available, information is provided in the text about
the combustion unit, analysis of feed samples, or identification of
precursors present in the feed materials. When available, detection limits
are specified. If analytical methods other than gas chromatography-mass
spectrometry (GC-MS) were used, that information is noted in the text.
3.1.1 Summary of Stack PCDD and PCDF Emissions

Table 3-1 presents a summary of stack PCDD and PCDF emissions data
available from the Tliterature for combustion sources. The data for each
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‘'source category are discussed in detail. in Section 3.2. For each source
category the total number of facilities tested is shown, as is the type of
sample. The ranges of detected emissions and detection Tlimits are shown for
the 2378-TCDD isomer, PCDD’s, and PCDF’s. The column labeled "Detected
Range" represents the range of average concentrations reported by different
literature references. If only one value is shdwn it represents the average
value of all tests for one unit. The number of sources having detectable
emissions is shown in parentheses under the range values. Detection limits
are shown in the column labeled "Detection Limits" when a source had less
than detectable PCDD or PCDF emissions. The number of sources having less
than detectable emissions is shown in parentheses under the detection limits.
-Comments are provided if the results were affected by such things as
contaminated fuel, upset operating cohditions, or use of a nonspecific
analytical technique. In the table, the source categories cre ordered by the
highest value of the PCDD emissions range. '

PCDD’s and PCDF’s were not found in stack emissions from all combustion
sources. Utility boilers firing PCB-spiked waste oil, a lime kiln, a
coal-fired utility boiler, and the incinerator ship M/T Vulcanus had less
than detectable PCDD and (if analyzed for) PCDF emissions.

In general, where combustion sources did .emit PCDD’s or PCDF’s, these
emissions appeared to be dependent on the types of fuel or wastes being
fired, and whether or not the combustion unit was designed and operated
specifically to achieve the destruction of potentially hazardous wastes
including PCDD’s and PCDF’s. However, sampling and analysis methods and
facility design and operation may vary considerably between studies, which
makes direct comparisons of emissions test data difficult. For most of the
sources tested, the magnitude of PCDD emissions was comparable to the
magnitude of PCDF emissions. Most of the studies analyzed samples for
PCDD’s; some studies quantitated 2378-TCDD and the PCDF homologues as well.
Samples were taken primarily at the stack outlet location and not at the
control device inlet. The range of measured PCDD and PCDF concentrations
varies from one to four orders of magnitude.
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Municipal solid waste incinerators were the most frequently tested
source and had the highest levels of PCDD’s and PCDF’s in stack gas
~emissions. Facilities located in Europe had higher PCDD emissions than North
American facilities. Commercial boilers co-firing spiked waste oil had the
next highest PCDD concentration in stack gas emissions, followed by emissions
from one tested unit combusting PCP-treated wood. However, another
combustion unit designed to incinerate PCP-treated wood had less than
detectable PCDD or PCDF emissions. Of the remaining source categories
tested, sewage sludge incinerators, hospital incinerators, and two rotary
kiln hazardous waste incinerators had the next highest PCDD emissions,
respectively.

Emissions data for the 2378-TCDD isomer were available for five source
categories. Municipal waste incinerators had the highest stack emissions of
2378-TCDD, followed by a fluidized bed system used to regenerate activated
carbon, and an industrial boiler. One coal-fired utility boiler and the
incinerator ship M/T Vulcanus had nondetectable levels of the 2378-TCDD
isomer. .

3.1.2 Summary of Ash PCDD and PCDF Emissions

Table 3-2 presents a summary of data on the PCDD and PCDF content of
combustion ash samples available in the literature. The data for each source
category are discussed in detail in Section 3.2. As in Table 3-1, Table 3-2
shows the number of facilities tested and the type of sample. The range of
detected emissions and detection limits for the 2378-TCDD isomer, PCDD’s and
PCDF’s are also shown for each source category. The source categories are
ordered by the highest value of the PCDD range for each category.

PCDD’s and PCDF’s were not found in ash samples from all combustion
sources. Three rotary kilns, thirteen coal-fired boilers, two diesel cars, a
lime kiln, and a sewage sludge incinerator had less than detectable levels of
PCDD’s or PCDF’s (if analyzed for) in ash or particulate samples.

A rotary kiln operated without supplemental fuel fired in the
afterburner had the highest PCDD concentration in particulate samples.
However, these results were skewed high by the use of a nonspecific GC-MS
packed column analytical method. The same rotary kiln operated with
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sﬁpp]ementa] fuel had éignificant1y lower PCDD levels in particulate samples.
PCB fires had the second highest PCDD concentration in soot samples, and also
had the highest PCDF levels. Unlike flue gas samples, the Tevel of PCDD’s
found in ash samples were less than PCDF levels for most of the combustion
sources where both PCDD’s and PCDF’s were analyzed for. Municipal waste
incinerators had the next highest concentrations of PCDD’s in ash samples.
In general, European facilities had higher levels of PCDD’s than North
American or Japanese facilities. However, two European facilities had less
than detectable PCDD’s in ash samples. North American facilities had higher
PCOF Tevels in ash samples than European facilities. A natural gas-fired
residential heater had the next highest PCDD Tevels in fly ash emissions,
followed by a commercial boiler co-firing used automobile o0il spiked with
organic compounds, and a hospital incinerator. Residential woodstoves had
detectable levels of PCDD’s in ash samples, but some of the fuel was reported
to have been potentially contaminated. Other source categories having
detectable Tevels of PCDD’s or PCDF’s in particulate or ash samples were
activated carbon regeneration, automobile emissions, wire reclamation, and a
cement Kkiln. |

Concentration datalfor the 2378-TCDD isomer were available for ash and
soot taken from seven source categories. A rotary kiln burning tars, solid
waste, and natural gas and operated without supplemental fuel being fired in
the afterburner had the highest concentration of 2378-TCDD in particulate
samples. However, the same rotary kiln had less than detectable emissions of
2378-TCDD when supplemental fuel (tars and natural gas) was fired in the
afterburner. PCB fires had the second highest concentration of 2378-TCDD in
soot samples followed by a fluidized bed combustion system used to regenerate.
activated carbon. Municipal waste incinerators had the next highest
detectable levels of 2378-TCDD in fly ash samples, followed by filter extract
samples from vehicles burning leaded and unleaded gasoline. Other sources
having detectable Tevels of 2378-TCDD were a natural gas-fired residential
heater and residential woodstoves. Particulate matter samples from a tar
burner had Tess than detectable levels of 2378-TCDD.
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3.2 EMISSIONS DATA FOR INDIVIDUAL SOURCE CATEGORIES '

In this section, the available PCDD/PCDF emissions data for individual
source categories are discussed. Sections 3.2.1 through 3.2.12 cover
municipal solid waste incinerators, sewage sludge incinerétors, fossil fuel
combustion, wood combustion, boilers co-firing wastes, hazardous waste
incinerators, lime/cement kilns, hospital incinerators, wire reclamation
incinerators, PCB fires, automobile emissibns, and activated carbon
regeneration furnaces, respectively. Various experimental studies are
discussed in Section 3.2.13.

3.2.1 Municipal Solid Waste Incinerators

Table 3-3 presents the emissions data for municipal solid waste
- incinerators.

In 1978, TCDD’s were detected in the emissions from the Hempstead
municipal waste incinerator (MWI) on Long Island. Since that date, this:
source category has received considerable attention in the United States.
The Canadian Government has identified MWI’s as one of the major combustion
sources of PCDD’s in the Canadian environment.73 Numerous tests have also
been conducted in Europe and Japan.

MWI’s can be classified as either large mass burn units, refuse derived
fuel (RDF) units, or small modular units. There are approximately 43 facili-
ties with modular units, 45 mass burn facilities and 8 RDF boiler facilities
currently operating in the United States and Canada.? The mass burn
facilities are responsible for the majority of waste burned.

This section summarizes the PCDD and PCDF flue gas emissions and fly ash
content data for MWI’s operating in North America (fnc]uding Canada), Europe
and Japan. It is based upon a review of the available literature that
reports emissions studies of CDD and CDF emissions from MWI’s. Thirtyeight
articles were reviewed and approximately 70 percent of the emission
studies were found in various journal articles and from reports published by
government and state environmental agencies. |

3Resource Recovery Activities, City Currenté. April 1985.
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Emissions data are available for 66 MWI facilities. Sixty-two are
reported to utilize an electrostatic precipitator to control particulate
matter emissions from flue gases. Twenty-nine of the facilities are located
in the United States and Canada, 34 in Europe, and 3 in Japan.

3.2.1.1 United States and Canada. PCDD emissions from stack testing of
14 fac111t1es Tocated in North America ranged from not detected (ND) to
22,000 ng/m PCDF stack emissions for 13 facilities ranged from ND to
15,060 ng/m . Detection limits were not specified. Both of these upper
emission values were reported in an EPA study of a modular incinerator
1ocated'fn Langley, VA. It is characterized as being susceptible to upsets
caused by grass clippings or because of wet-refuse stored in an open p1t 92
~Two facilities are known to emit Tow levels of PCDD’s (35 to 146 ng/m ) and
PCDF’s (50 to 246 ng/m ). One is a modular unit equipped with a secondary
chamber for combustion of off gases and the other uses RDF that is stored in
a silo and is very dry when combusted. 49,174

The PCDD content of fly ash samples from 24 MWI’s ranged from <0.5 to
2,300 ppb. PCDF’s from 13 facilities ranged from <0.5 to 3,100 ppb.
| 3.2.1.2 Euro Flue gas emissions of PCDD’s from eight MWI’s located
primarily in Italy ranged from ND to 48,900 ng/m3. Flue gas emissions of
PCDF’s from seven facilities ranged from 37 to 7,460 ng/m3. The highest PCDD
and PCDF emissions were reported for six MWI’s located in the Lombardy region
of northern Ita]y.43 The report contained no information describing feed
composition, combustion design or operating conditions. However, each
facility does utilize an ESP.

The PCDD content of fly ash samples from 31 facilities ranged from <0.5
to 3,540 ppb while PCDF’s from 19 facilities ranged from ND to 1,770 ppb.
Detection Timits were not specified.

3.2.1.3 Japan. The PCDD content of fly ash samples from two facilities
ranged from 2.4 to 4.8 ng/qg.

'3.2.2 Sewage Sludge Incinerators :

Table 3-4 presents emissions data from two studies of sewage sludge
incineration. 24,235 An unpublished study reported emissions from a single
multiple hearth sludge <incinerators with a water scrubber. 235 Operating
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temperatures were reported to be in excess of 1 000°C with a feed rate of 13

to 15.5 short tons/hour. The results were not;reported in terms of specific
' homologues, only references to "CDD’s" and "dibenzofurans" were made. For
three sample per1ods flue gas samples contained "CDD’ " ranging from 483
ng/m to 1, 140ng/m with an average of 739 ng/m "D1benzofuran"
concentrations in flue gas samples ranged from 501 ng/m to 2,248 ng/m with
an average of 1,213 ng/m No detection Timits were specified for these
unpublished results.

The second study24

analyzed emissions from incineration of aerobic
sludge. Fly ash was collected by means of "dust abatement", organic vapors
were trapped with a water condenser, and ashes from the combustion process
were collected by grab sample. The investigators reported PCDD’s to be
"absent" from both "ashes" and "fumes." Detection limits and information on
the incinerator were not reported.

3.2.3 Fossil Fuel Combustion

Table 3-5 presents the emissions data from fossil fuel-fired combustion
units.

3.2.3.1 Coal Combustion. Haile et al. 9% have reported results from
research conducted as part of a nationwide study of organic emissions from
utility coal combustion. Results were reported for four of the seven plants
comprising the complete survey. Samples analyzed included samples from the
flue gas outlet (downstream of the particulate emissions control device), fly
ash emissions, and coal_feed. PCDD and PCDF homo]ogues'were not identified
in any sample from the four coal-fired plants. To maximize the method
sensitivity, all samples were analyzed using five-day composites. Detect1on
limits for PCDD and PCDF homo]ogues in the flue gas analyses were 0.25 ng/m
for mono through tri-CDD; O 10 ng/m for tetra-CDD; 0.50 ng/m3 for penta-CDD
and hexa-CDD; and 0.70 ng/m for hepta- and octa-CDD. For solid feed and fly
ash samples, detection limits for the PCDD and PCDF homologues were .025vng/g
for mono- through tri-COD; .010 ng/g for TCDD; .050 ng/g for penta- and
hexa-CDD; and .070 ng/g for hepta and octa-CDD. ‘

Harless and Lewis97 tested fly ash samples from seven coal-fired power
plants and found the samples had non-detectable levels of TCDD at an average
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detection limit of 0.002 ng/g. Also, in an unrelated study, DeRoos and
Bjorseth59 analyzed one fly ash sample collected from a coal-fired combustion
unit for TCDD’s. None were detected at a detection limit of 0.002 ng/qg. .
These results are in agreement with those reported by Kimble and

125 who analyzed siack-co]]ected fly ash from a typica1 commercial coal
combustion facility burning a low sulfur, high ash coal. The chlorine
content of the input coal was 50 ug/g and the sample was taken downstream
from the electrostatic precipitator. At a detection limit of 0.0006 ng/g,
TCDD’s were not detected. Kimble and Gross conclude that a fossil-fueled
power plant is not a large source of TCDD. This contrasts with the
conclusions presented by Dow Chemical, which analyzed fly ash samples from a
. coal- and oil-fired chemical plant powerhouse.62 The results of the Dow
study are presented below in Section 3.2.3.2. Kimble and Gross suggest the
difference in TCDD emissions between their study and the Dow study may be the
nature of the fuel sources, including total chlorine content.

Ahlberg et gl.s analyzed flue gas samples from a 265 MW pulverized
coal-fired boiler equipped with an electrostatic precipitator. The boiler
was firing Polish coal with a Tow sulfur, high ash content. No 2378-TCDD was
detected at detection limits ranging from <5.4 to <6.8 ng/m3. The 2378-TCDF
isomer was not detected at detection limits ranging from <0.86 to <1.1 ng/m3.

.3.2.3.2 0i1 and Coal Combustion. Particulates from the stack of a
coal- and o0il-fired powerhouée at a Dow Chemical plant were tested for PCDD
emissions.62 TCDD, hexa-CDD, hepta-CDD, and OCDD emissions ranged from 2 to
38 ng/g with TCDD’s and OCDD detected at levels of 38 ng/g and 24 ng/g,
respectively. The concentration of total PCDD’s was 68 ng/g. The 2378-TCDD
isomer was not detected. Detection limits in this study were 20 ng/g for
TCDD and 10 ng/g for 2378-TCDD. Detection limits were not specified for the
. other homologues which were analyzed by electron capture gas chromatography.
The study did not report fuel analysis or operating conditions of the boiler.

3.2.3.3 Qil_Combustion. Ahlberg et gl.s analyzed flue gas samples from
a 250 MW boiler fired with a low ash, 2 percent sulfur, heavy fuel 0il. The
sample was taken after the heat exchanger and before the electrostatic
precipitator. The 2378-TCDD isomer was not detected at detection Tlimits

Gross
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ranging from <4.2 to <7.9 ng/m3. The 2378-TCDF isomer was not detected at
detection Timits ranging from <0.67 to <1.3 ng/m3.

3.2.3.4 Natural Gas Combustion. Dow Chemical tested particulate matter
which had been removed from a home electrostatic precipitator in a
residential, natural gas-fired forced-air heating system. The collected
' material represented the accumulation of material from six spring and summer
months of operation of the precipitator. The particulate matter sample
contained 34 ng/g hexa-CDD, 430 ng/g hepta-CDD, and 1,300 ng/g OCDD, for a
total of 1,764 ng/g. The 2378-TCDD isomer was present at a level of 0.6 ng/g
with a detection Timit of 0.2 ng/g for the analysis. ~Other TCDD isomers were
detected at a level of 0.4 ng/g which was also the detection limit for this
sample. No detection limits were specified for the other homologues which
were analyzed for by electron capture gas chromatography.

3.2.3.5 Coal _and Refuse-Derived Fuel Combustion. Analysis of flue gas
emissions from a coal and refuse-derived fuel (RDF)-fired facility located in
Ames, Iowa, found less than detectable levels of TCDD, which was the only CDD
homologue analyzed for.lls The detection 1imit for TCDD was 5 ng/m3 for
vapor samples. This is a suspension fired boiler that burns coal with 15
percent RDF. Small, uniform, 2-5 cm pieces -of RDF are produced in a
shredding and air classification process. The facility operates with a
combustion temperature of approximately 1,200°C and produces 35 MW of
electrical power from steam. The unit is reported to be operated at
approximately 22 percent excess air and utilizes an ESP. Another study
describing emissions testing at this facility reported that PCDD’s and PCDF’s
were not detected in the flue gas.196 The detection 1imit for PCDD and PCDF
was 0.25 ng/m3 for vapor samples.
3.2.4 Hood Combustion

Table 3-6 presents the emissions data for combustion units burning
PCP-treated wood and firewood.

3.2.4.1 Residential Wood Combustion. Four studies have been conducted
on PCDD formation from the combustion of firewood.54’62’165’167 Ash samples
were collected from 24 woodstoves and two fireplaces. The woodstoves tested
were Tocated in rural areas in three different regions of the county.
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Presumably the wood being combusted was untreated, that is, it had not been
exposed to fungicides, herbicides, or wood preservatives. For the 24
woodstoves tested, PCDD concentrations in ash samples ranged from 0.007 ng/g
to 210 ng/g, with a mean concentration of 23.4 ng/g. The penta-CbD homologue
was not analyzed for.54’165 The 2378-TCDD isomer was analyzed .for in 17
samples. Two samples had non-detectable levels of 2378-TCDD with detection
limits ranging from 0.0009 to 0.0014 ng/g. The other 15 samples had
concentrations of 2378-TCDD varying from 0.001 to 0.20 ng/g with an average
concentration of 0.05 ng/g. The authors of one of the studies165 in which 18
woodstoves were tested attributed some of the variability in the results to
differences in woodstove design and sampling points. They also suggested
~that some of the variability could potentially be attributed to fuel
contamination although feed samples were not analyzed for PCDD content.

Ash samples from the chimneys of two fireplaces were analyzed for
PCDD’s.62 One fireplace was 12 years old and one was 25 years old. The
25-year-old fireplace had total PCDD concentrations of 44.7 ng/g including
1 ng/g of 2378-TCDD. Ash samples from the 12-year-old fireplace contained
1.79 ng/g PCDD. No TCDD isomers were detected at a detection Timit of
0.04 ng/g. The penta-CDD homologue was not analyzed for in either of these
samples. '

Ash samples scraped from the flue pipe of a residential heater
combusting both 0il1 and wood were analyzed for PCDD’s. After burning only
0i1, the PCDD Tevel in the ash was 0.280 ng/g. By comparison, after burning
only wood, the PCDD Tevel was 0.97 ng/g. After co-firing wood and o0il, 21.7
ng/g PCDD were detected, including 0.8 ng/g of the 2378-TCDD isomer. The
penta-CDD homologue was not analyzed for in any of these samples.
3.2.4.2 Treated Wood Combustion. Chlorophenols are produced for use as wood
preservatives, slimacides, bactericides, and as starting material for the
chlorinated phenoxy acids 2,4-D and 2,4,5-T. Chlorophenols may either be
contaminated with PCDD’s and PCDF’s, or PCDD’s can be formed by the
dimerization of chlorophenates during pyrolysis. The following section
discusses the results of several studies where chlorophenols were combusted
with wood or wood products.
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Two studies concerned the combustion of pentachlorophenol (PCP) -treated
military ammunition boxes. 220,233 At the Los Alamos National Laboratory in
Los Alamos, New Mexico, PCP-treated wood was 1nc1nerated under a variety of
test conditions in a controlled air 1nc1nerator.220 The incinerator had
modulated burners, steam injection capability, and enhanced mixing of
secondary air with the primary chamber effluent. Ash samples were taken from
the hot zone between the primary and secondary combustion chambers. Neither
TCDD’s nor TCDF’s were detected at a detection 1imit of 17 ng/qg.

At the Tooele Army Depot in Tooele, Utah, PCP-treated ammunition boxes
and explosive-contaminated wastes were incinerated.233 The incinerator was
designed to decontaminate metal parts containing explosive residue. The
_incinerator has an unfired afterburner (refractory lined duct) with a
combustion residence time of 0.3 seconds. Four tests were performed while
the incinerator was firing: 1) no waste fuels, 2) wood freshly coated with
PCP, 3) 40 percent by weight PCP-treated wood and 60 percent by we1ght
contaminated waste (including wood, cloth, metal, and rubber). Results of
the analysis of stack em1ss1ons for two baseline tests showed average PCDD
emissions of 5.0 ng/m and average PCDF emissions of 9.82 ng/m3. The
analysis of stack emissions for three tests while the 40/60 mix was fired
showed average PCDD emissions of 125 ng/m and average PCDF emissions of 14.2
ng/m Analysis of stack emissions for three tests while freshly coated wood
was fired showed average PCDD emissions of 8,215 ng/m3 and average PCDF
emissions of 426 ng/m When only ammunition boxes were incinerated, duct
samples were taken. Analysis of duct samp]es showed PCDD emissions of
1,420 ng/m and PCDF emissions of 587 ng/m

A pilot scale incinerator was used to burn wood chips which had been
mixed with technical grade tri- and tetrach]orophenate.6 At combustion
temperatures of 500 to 800°C (932 to 1,472°F), the formation of PCDD’s was
demonstrated. At higher temperatures, the formation of PCDD’s decreased.
When wood chips and trichlorophenate were burned, stack emissions of total
PCDD’s were 111,540 ng/g feed. When tetrachlorophenate was burned with wood
chips, stack emissions contained 350,200 ng/g feed. Addition of copper salts
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to the tetrachlorophenate formulation and increasing the residence time
within the incinerator reduced the emission of PCDD’s. _

In another study, fly ash samples from a fluidized bed system burning
PCP-treated wood, painted wood, and hypochlorite-treated paper were
ana'lyzed.179 Total PCDD’s and PCDF’s detected in fly ash samples after
burning painted wood were.177 ng/g and 217 ng/g, respectively. 'When
PCP-treated wood was burned, PCDD levels in the fly ash were 324 ng/g and
PCDF Tevels were 241 ng/g. When the hypochlorite-treated paper was burned,
large amounts of chlorine were present but PCDD and PCDF levels were
relatively Tow with 24 nQ/g of PCDD detected and 12 ng/g PCDF detected. The
addition of pentachlorophenol to these fuels did not increase PCDD or PCDF
emissions.

In a pilot scale study, two chlorophenate formulations, Servarex and
Kymmene KY-5 were sprayed over wood wool and birch leaves and combusted in an
open fire.lgo These formulations are mixtures of 2,4,6 tri-, 2,3,4,6 tetra-
and pentachlorophenate as sodium salts. PCDD’s and PCDF’s were detected in
these two formulations at concentrations of 20 and 150 ppm, respectively.
When Servarex and KY-5 were each burned separately, high levels of PCDD’s
were formed. When burned alone, the Servarex formed 21,600 ng/g of PCDD and
the KY-5 formed 11,600 ng/g of PCDD. Each of these was then sprayed over
birch Teaves and wood wool and combusted in an_open fire. One gram of
chlorophenate was dissolved in 20 ml of water and sprayed over 30 grams of
birch Teaves or wood wool. Smoke gases were trapped in charcoal filters and
analyzed. When birch Teaves sprayed with Servarex were burned, 213,300 ng/g
feed of PCDD’s were formed. When wood wool and Servarex were burned, 392,000
ng/g feed of PCDD’s were formed. When birch leaves and KY-5 were burned,
205,000 ng/g feed of PCDD’s were formed. Purified chlorophenates were also
burned with birch Teaves. When 2,4,6 trichlorophenate and pentachlorophenate
were burned with birch leaves, levels of PCDD’s formed were 1,115,000 ng/g
feed and 957,200 ng/g feed, respectively.

3.2.5 Boilers Co-Firing Wastes

Table 3-7 represents the emissions data for boilers co-firing wastes.

EPA’s Air & Energy Engineering Research Laboratory (AEERL) (formerly
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Industrial Environmental Research Laboratory (IERL)) conducted studies on -
industrial boilers co-firing waste products.41 Four boilers co-firing
chlorinated wastes such as creosote sludge, chlorinated solvents, and waste
0il were tested. Stack emissions from three of the four boilers were tested
for PCDD’s at a detection 1imit of 1,000 ng/m3 but none were detected. The
fourth boiler was a steam generator firing waste wood contaminated with
pentach1oropheno1. Stack emissions of 2378-TCDD from this boiler ranged from
<0.4 to <1 5 ng/m Total PCDD stack emissions ranged from 74.6 to
76.4 ng/m and averaged 75.5 ng/m

A second study for EPA’s Hazardous Waste Engineering Laboratory tested
waste fuels and stack gas emission samples from five industrial boiler test
“sites co-firing hazardous waste fue]s.40 Among the wastes being fired were
creosote sludge, carbon tetrachloride, chlorobenzene, methanol, to]uéne} and
trichloroethylene. A watertube boiler co-firing wastes and No. 6 0il was the
only boiler having detectable levels of 2378-TCDD in flue gas emissions.
However, the measured value for the emission of this isomer was equal to the
0.002 ng/m detect1on Timit. This boiler also had the highest total CDF
emissions of 5.5 ng/m in one of two samples. A creosote/wood-fired stoker
had the highest total PCDD stack emissions (75 ng/m3) but the creosote sludge
co-fired with wood waste in this boiler was found to contain 7,400 ng/g of
total PCDD. PCDD and PCDF homologues were not detected in any other
chlorinated waste at detection 1imits ranging from 0.045 to 4.6 ng/g. Stack
concentrations of PCDD from the other four boilers ranged from less than
detectab]e to 1.1 ng/m at detection limits ranging from 0.0022 ng/m to
0.019 ng/m

In another study, Buser, Bosshardt, and Rappe report the
identification of 600 ng/g and 300 ng/g of PCDD’s and PCDF’s, respectively,
in the fly ash of an "industrial heating facility." This facility was
generating steam by co-firing used industrial oils. PCDD’s and PCDF’s were
detected in other fly ash samples as well but the samples with the highest
concentrations were the only ones reported.

The EPA .tested six commercial boilers firing spiked waste 011.81 The
boilers were in the size range of 0.4 to 25 million Btu/hr heat input

33
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capacity. The fuel was used automobile oil spiked with organic compounds
such as chloroform, trichlorobenzene, chlorotoluene, and trichloroethylene at
levels ranging from 1,500 ppm to 10,000 ppm.
-Of the six boilers, on]y one had detectable levels of OCDD with
4,500 ng/m and 17,000 ng/m detected in one of three samples of stack gas.
Detection 1imits were not specified for these samp]es. Only one of the six
boilers had detectable levels of TCDF with 170 ng/m detected in stack gas."
Detection limits were not specified for the other samples with Tess than
detectable Tevels. The feed samples of waste oil basestock and the "spiked"
waste oil were tested and no PCDD’s or PCDF’s were detected at detection
limits ranging from 0.04 ng/g to 2.0 ng/g. Fly ash samples collected from a
Scotch firetube boiler did not have detectable levels of TCDD, but the
concentration of penta through octa homologues ranged from not detectable to
230 ng/g. For three fly ash samples total PCDD’s were 911 ng/g. Detection
 Timits ranged from 0.5 to 10 ng/g. Concentrations of PCDF homologues ranged
from not detectable to 1,000 ng/g for a total of 3,777 ng/g in three samples.
Detection 1imits ranged from 0.5 to 10 ng/qg.

A 233 MW utility boiler was tested while firing No. 6 0il1 and PCB-spiked
waste oil. 96 The waste 0il comprised 10 percent of the total fuel. PCDD’s
and PCDF’s were not detected 1n stack gas emissions at detection limits
ranging from 0.031 to 0.10 ug/m
3.2.6 Hazardous Waste Incinerators

Table 3-8 presents the emissions data for land-based incinerators and
incinerator ships..

3.2.6.1 Land-Based Incinerators. Eleven incinerators firing hazardous
wastes were the focus of ten studies. Among the types of units tested were
rotary kilns, with and without afterburners, a mobile rotary kiln
incinerator, and a tar burner. Wastes being fired typically consisted of
chlorine-containing liquid organic wastes, herbicides, and wastes containing
PCB’s '

An incinerator was tested while f1r1ng feed containing 3, 000 ug/g
PCB’s 135 Cyclone outlet samples were analyzed by selective ion monitoring
GC-MS. PCDD’s and PCDF’s were not detected at detection limits ranging from
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0.03 to 0.06 ug/m3. Because PCDD’s and PCDF’s were not detected in the
cyclone samples, analyses of stack samples were not performed.

One study tested two rotary kilns with afterburnersh234 Three tests
each were performed at incinerator facilities at EIl Dorado, Arkansas, and
Deer Park, Texas. Test results were reported in terms of total quantities
present in the analyzed sample because Teakage and loss of unknown quantities
of most samples occurred during shipment preventing the calculation of actual
concentrations. The facilities are operated by Energy Systems Company
(ENSCO) and Rollins Environmental Services, respectively. Wastes during the
first test at each facility included hydrocarbon wastes, paint and ink
manufacturing wastes, pesticide process wastes, and vinyl chloride still.
bottoms. The Rollins facility had total TCDD and TCDF levels of 6.94 ng and
13.5 ng, respectively. The second test consisted of tﬁé same wastes as the
first test with the addition of liquid PCB wastes. The Rollins facility
during the second test had total TCDD and TCDF levels of 1.42 ng and 22 ng,
respectively. The ENSCO facility during the second test had total TCDD and
TCDF levels of 0.48 ng and 6 ng, respectively. For the third test, Tiquid
PCB wastes were fired with clean fuel oils. The Rollins facility had less

than detectable TCDD’s at detection 1imits ranging from 0.48 to 0.9 ng and 2
ng for TCDF. The ENSCO facility had less than detectable levels of TCDD and
TCDF at detection Timits of 0.2 to 0.45 ng for TCDD’s and from 0.08 to 0.5 ng
for TCDF’s.

A rotary kiln operating at 1,200°C was tested while burning Silvex

herbicide.246 The 2378-TCDD isomer was not detected at a detection limit of

1 ppb (by volume). The penta-CDD, hepta-CDD, and OCDD homologues were
detected at a total of 75 ng/MM5 train. The penta-CDF homologue was present
at a concentration of 190 ng/MM5 train.

In an unrelated study, stack emissiéns from a rotary kiln operating at
1,200°C were analyzed.88 Four tests were conducted while PCB’s were being
incinerated. The average concentration of PCDD’s and PCDF’s was 8.6 and 11.2
ng/m3, respectively. However, TCDD’s and OCDD’s were the primary homologues
detected. Detection 1imits for the other homologues were not reported.




The incinerator exhaust of -the rotary kiln waste 1nc1nerator at Dow
Chem1ca] was tested. 153a This incinerator destroys 20 tons/day of liquid
waste in the 1,025°C afterburner and 185 tons/day of solid and liquid
combustible trash 1nc1ud1ng 1.5 tons/day of chlorophenolic wastes from the
2 4‘dich1orophen01 and 2,4-D processes The average concentrations of PCDD’s
and PCDF’s detected were 7.7 ng/m and 29 ng/m , respectively.

At another facility, used transformer oil (supposedly containing less
than 50 ppm PCB’s) is fired in an incinerator.74 A spot check on the used
0il detected one sample with 90 ppm PCB’s. The incinerator, which has
sécondary combustion chambers and an afterburner, burns off the insulation
from the aluminum or copper windings from dismantled transformers. -One
.composite ash sample was analyzed and found to contain 538 ng/g PCDD’s and
2,853 ng/g PCDF’s.

. A mobile incinerator was tested while firing CDD-contaminated 1iquid
still bottoms and soil during one test and CDD-contaminated lagoon sediment
(containing 1-21 ppb 2378-TCDD) during a second‘test.108 The only homologue
detected was OCDD at a total of 91.3 ng/g in three samples. These detectable
levels were suspected to be from contaminated solvent used in the analyses.

- It was unlikely the OCDD was formed during the incineration process. »

Dow Chemical tested an industrial solid waste incinerator (rotary kiln)
and a tar burner.62 The tar burner was a 72 million Btu/hr unit with natural
gas burned as a supplemental fuel. Four tests were conducted while the unit
was firing natural gas and tars. The 2378-TCDD isomer and other TCDD’s were
not detected in particulate matter samples. Detection Timits ranged from 1.3
to 3.0 ng/g for the 2378-TCDD isomer and from 0.7 to 1.2 ng/g for other
TCDD’s. Total concentrations of the hexa-CDD, hepta-CDD, and OCDD homologues
ranged from 256 to 572 ng/g for the four tests with an average of 406 ng/gl
The penta-CDD homologue was not analyzed for.

The rotary kiln incinerator Dow Chemical tested was a 70 million Btu/hr
unit. This unit is capable of incinerating both solids and 1iquids.
Supplemental fuel is also burned in this unit in the rotary kiln and the
secondary combustion chamber to maintain combustlon temperatures. Three
tests were performed while the k11n was burning tars, solid waste, and
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natural gas, but without supplemental fuel in the secondary combustion
chamber. Particulate matter from the first test was analyzed for PCDD’s
using a non specific GC-MS packed column method and very high levels of
2378-TCDD were detected. In the other two tests, a capillary column specific
for 2378-TCDD was used, so the results of the first test are not comparable
with the second and third test. During the first test, an average of 5500
ng/g of 2378-TCDD was detected in particulate matter. The average total
concentration of other TCDD’s and the hexa-CDD, hepta-CDD and OCDD homologues
in the first test was 847,400 ng/g. The total concentration of PCDD’s (not
including penta-CDD) for the other two tests were 9,710 and 113,600 ng/g.
The 2378-TCDD isomer was detected in the second test at a concentration of
110 ng/g. This isomer was not detected in the third test but the detection
Timit was 260 ng/g. '

Five tests were then conducted on this rotary kiln while 0il and natural
gas, and tars and natural gas were fired as supplemental fuel in the
secondary combustion-chamber. The 2378-TCDD isomer and other TCDD’s were not
detected in particulate matter from any of the five tests. Detection limits
ranged from 2 to 5 ng/g for the 2378-TCDD isomer and from 2 to 8 ng/g for the
other TCDD isomers. Total concentrations of the hexa-CDD, hepta-CDD, and
0CDD homologues ranged from 13 to 1,064 ng/g with an average for the five
tests of 267 ng/g. The penta-CDD homologue was not analyzed for.

Results from three tested rotary kilns were reported in one study.161
Only one of the kilns had detectable TCDF emissions at a concentration of 0.7
ng/m3. However, TCDF’s were detected in the fuel which was 1liquid organic
waste containing 0.4 to 1 percent chlorine. The other two kilns were firing
liquid organic solvents with chloride concentrations ranging from 0.2 to 16
percent chlorine. No TCDD’s or TCDF’s were detected in the flue gas or feed.
Detection limits were unavailable.

3.2.6.2 Incinerator Ships. Two studies were conducted with the
Vulcanus incinerator ship.l’2 The first study was conducted during the
incineration of Herbicide Orange contaminated with 2378-TCDD.1 TCOD Tevels
in the feed ranged from less than detectable to 2,800 ng/ml, with an average
concentration of 1,820 ng/ml injected. The detection limit for the feed
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samples was 20 ng/ml injected. No TCDD’s were detected in the stack
emissions. Detection limits for the TCDD®s were very variable due to the
complexity of the samples. Detection limits ranged from 0.0009 ng/ml
injected to 0.086 ng/ml injected.into the GC-MS for analysis.

The second study was conducted during a PCB burn.z TCDD’s, 1including
the 2378-TCDD isomer, were not detected in the feed or in stack emissions.
Detection Timits ranged from 2 to 22 ng/g. TCDF’s were detected in all’
samples of waste and in several samples of stack gas. The analytical method
could not distinguish the 2378-TCDF isomer from the other 37 TCDF isomers.
Total concentratlons of TCDF’s in stack gas samples were reported to range
from <0.3 to <3 ng/m

"3.2.7 Lime/Cement Kilns

Table 3-9 presents emissions data for 1ime/cement kilns.

Four studies have addressed PCDD and PCDF emissions from lime or cement
kilns co-firing wastes. 20a,20b,58a,184 The combustion temperature of this
process is about 1500°C with a typical residence time of 1.5 seconds.

A cement kiln at San Juan Cement was tested while co-firing 1liquid
organic wastes containing from 6.5 to 35.5 percent chlorine (by we1ght) 184
Flue gas and particulate samples were taken. One of the four SASS train
samples had detectable levels of hexa- CDF and hepta- CDF The concentrations
of these two homologues were 1.35 ng/m and 0.74 ng/m s respect1ve]y None
of the other homologues were detected at detection limits ranging from 1.6 to
4.9 ng/m Similarly, one of the EPA Method 5 f11ters used for particulate
ana]ys1s contained 11.0 ug/m of penta-CDF, 25.7 ng/m hexa-CDF, and 8.1
ng/m hepta-CDF. None of the other particulate samples had detectable PCDF’s
at detection limits ranging from 5 to 15 ng/filter. These detectable
emissions occurred when the kiln was fed waste containing 21.4 percent
chlorine which corresponds to a chlorine input of 3.5 percent of total fuel
input. This resulted in a potentially kiln-damaging condition. The study
maintains the detectable emission occurred only during "upset" conditions.
Under other conditions PCDF’s were not emitted, and PCDD’s were not emitted
under any condition including the "upset" conditions. Detection limits
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ranged from 1.6 to 4.9 ng/m3 for stack gas emissions, and from 5 to 15
ng/filter for the particulate analysis. ) )

A wet-process cement kiln at General Portland Cement, Inc., and a
dry-process cement kiln at Lone Star Cement were tested.zoa’20b Both of
these facilities were co-firing hydrocarbon solvents, chlorine-containing
wastes, and wastes spiked with Freon 113. No PCDD’s or PCDF’s were detected
in stack emissions at the detection limit of 1 ng/ul injected (into the GC-MS
for analysis).

A lime kiln at Rockwell Lime Company was tested while firing petroleum
coke and waste fuel consisting of lacquer thinner solvents, alcohols, and
paint wastes.58a The wastes contained approximately 3 percent chlorine (by
_volume). PCDD’s were not detected in baghouse dust or EPA Method 5 filters.
For baghouse dust samples, detection limits ranged from 0.005 to 0.25 ng/g.
For EPA Method 5 filters, detection limits were converted to stack gas
concentration and ranged from 0.034 to 2.0 ng/m3.

, 3.2.8 Hospital Incinerators :

Table 3-10 presents emissions data from hospital incinerators.

High temperature incineration is the preferred method for d%sposa] of
hospital wastes containing infectious or hazardous materials. Most hospital
incinerators of older design are incapable of destroying all hazardous
materials and have inefficient combustion Teading to emission of hazardous
air pollutants. Hospital wastes are also highly variable in content. They -
usually contain 20 percent plastics, compared to municipal solid waste which
contains 3 to 7 percent plastics. Combustion of plastics composed of
polyvinyl chloride and other halogenated polymers and copolymers can be a
major generator of toxic air emissions.

A 1983 stack test on a Canadian hospital incinerator found PCDD’s and
PCDF’s to be emitted at average levels of 69 ng/m3 and 156 ng/m3,
respective]y.3la The test was performed on a high combustion efficiency
controlled-air, two-chamber incinerator. Small amounts of PCDD’s and PCDF’s
were detected in the bottom ash, with much higher levels in the fly ash.

Doyle et gl.62a reported results from three hospital incinerators in the
United States. Stack test filter samples were'ana1yzed and had average
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Tevels of PCDD’s and PCDF’s of 15 ng/m3 and 25 ng/m3, respectively.
According to Doyle et al., these Tevels probably represent less than one-half
the actual emissions because more than 50 percent of PCDD’s and PCDF’s can be
found in the vapor phase which was not analyzed in these particulate
screen1ng tests.
3.2.9 MWire Reclamation Incinerators

Table 3-11 presents emissions data from one study conducted on a wire
reclamation incinerator. 103

Wire insulation incinerated during this process
often contains PCB’s and polyvinyl chloride. Analyses of inorganics in the
stack and furnace samples from the three furnaces revealed high levels of
copper and lead as well as 85,500 ppm of chloride in one of the furnace
.samples. | .

Total TCDD and total TCDF concentrations in stack fly ash scrapings were
0.41 ng/g and 11.6 ng/g, respectively. Bottom ash samples from the furnace
contained 0.058 ng/g total TCDD’s and 0.730 ng/g total TCDF’s. The analyses
did not distinguish the 2378-TCDD or 2378-TCDF isomers; only total TCDD’s and
TCDF’s were measured.

3.2.10 PCB Fires

Table 3 12 presents emissions data concern1ng several studies. In
September 1978, 18 capacitors conta1n1ng PCB’s were burned in a fire at a
transformer station near Stockholm, Sweden.110 Several types of samples were
taken. Liquid from inside an exploded capacitor contained 75,000 ng/g PCDF.

In Binghamton,  New York, in 1981, an electrical transformer containing
about 1,100 gallons of PCB’s was involved in an incident described as an
exp1osion.60 Total PCDF homologues in soot were initially found to be as
high as 2,160,000 ng/g. The 2378-TCDF isomer accounted for 12,000 ng/g of
total PCDF’s. The hexa-CDF homologue alone accounted for 965,000 ng/g of
total PCDF’s. Total PCDD’s were found at a concentration of 20,000 ng/g
including 600 ng/g 2378-TCDD.

In January 1982, an electrical fire involving PCB’s broke out in a
Boston, Massachusetts, office bui]ding.so One bulk soot sample contained a
total of 115,000 ng/g PCDF’s including 60,000‘ng/g TCDF. No PCDD’s were
detected at a detection limit of 100 ng/g.
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In March 1982, a fire broke out in a capacitor battery in a metal
treatment factory in Skovde, Sweden.192 The capacitors contained mineral oil
and PCB’s. Wipe tests were taken from several locations and results were
reported in terms of unit area. Samples taken 0.5 meters from the capacitor
on the f]oor had the highest levels of PCDF’s with 100 ng/m 2378-TCDF and
772 ng/m PCDF’s

In Miami, F1orida, during April 1982, a fire and explosion occurred when
an underground transformer vault exploded releasing approximately 100 gallons
of PCB transformer 0il onto the floor. 99 Smoke ejector fans were set up to
ventilate the vault. Samples of soot and other residue from the fire were
collected. Wipe samples were also taken from surfaces near the fire scene.
Four bulk samples-6fSGot "and other residue, and three hexane wipe samples
were analyzed. No PCDD’s were detected in these samples at a detection limit
of 10 ng/g. PCDF’s from tri-CDF to hexa-CDF were detected in two of the six
samples. The soot and dust sample taken from a cable support bracket
contained 1,710 ng/g tetra- through octa-PCDF homologues. Soot taken from
the ejector fan contained 670 ng/g tetra- through octa-PCDF homologues. The
2378-TCDF isomer was not detected at detection limits of 10 ng/g and
100 ng/g. .

In September 1982, molten steel at a steel mill in Surahammar, Sweden,
ignited a 500-unit capacitor battery. 76 The capacitors were filled with two
tons of PCB’s and three tons of mineral oil. Wipe samples from several
locations were analyzed. Results were reported in terms of unit area. Two
samples from the capac1tor room had an average of 620 ng/m 2378-TCDF and an
average 7,480 ng/m of tetra- through octa-PCDF homologues.

In 1983, in San Francisco, California, a fire started in a transformer
vault containing three transformers filled with PCB’s.158 It was reported
that only one transformer leaked. The liquid remaining contained 127 ng/g
total TCDD’s and 59 ng/g 2378-TCDD. _

A fire in Washington State in 1984, involved transformer oil and
cores.218 A grab sample of the ash was analyzed and found to contain 41.4
ng/g PCDF’s and 2.7 ng/g and 2.5 ng/g of the hepta-CDD and 0OCDD homologues,
respectively.
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3.2.11 Automobile Emissions

Table 3-13 presents data from automobiles.

Dow Chemical and the U. S. EPA each conducted a study on emissions from
automobiles. 62,213 Dow Chemical collected particulate solids from seven
types of mufflers. Results were reported for three cars burning gasoline and
two trucks using diesel fuel. Samples were analyzed by GC-MS and GC-EC.
Results from the GC-MS analyses are reported here except where noted.

Samples from one car with leaded gasoline and no catalytic converter had no
detectable 2378-TCDD and 0.004 ng/g other TCDD’s. The detection limit for
the 2378-TCDD isomer was 0.002 ng/g. Hexa-CDD and hepta-CDD were not
detected at detection limits of 0.014 ng/g and 0.006 ng/g, respectively,
‘while 0.016 ng/g of the OCDD homologue were present.

The second car had been burning unleaded gasoline and was equipped with
a catalytic converter. The 2378-TCDD, other TCDD’s and hexa-CDD were not
detected at detection limits of 0.003 ng/g, 0.001 ng/g, and 0.01 ng/g,
respectively. The hepta-CDD and OCDD homologues were detected at levels of
0.014 ng/g and 0.068 ng/g, respectively. )

The third car sampled was burning unleaded gasoline with a catalytic
converter and had relatively low mileage (~15,000 miles). The 2378-TCDD
isomer was not detected at detection Timits of 0.0002 ng/q. Concentrat1on of
the other TCDD’s were 0.0001 ng/g which equaled the detection limit. The
hexa-CDD homologue was detected at 0.0005 ng/g by electron capture gas
chromatography (GC-EC) but these results were not confirmed by GC-MS
analysis. GC-EC analysis of the particulate matter samples detected 0.002
ng/g hepta-CDD and 0.008 ng/g OCDD. These positive results were confirmed by
GC-MS. .

For samp]es from one of the diesel mufflers, GC-MS analysis did not
detect 2378-TCDD, other TCDD’s or hexa-CDD at detection limits of 0.003 ng/g,
0.007 ng/g, and 0.025 ng/g, respectively. Levels of hepta-CDD and OCDD were
0.110 ng/g and 0.280 ng/g, respectively. The second diesel muffler had
0.003 ng/g 2378-TCDD, 0.02 ng/g TCDD, 0.02 ng/g hexa-CDD, 0.10 ng/g
hepta-CDD, and 0.26 ng/g 0CDD.
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The U. S. EPA analyzed four composiies of filter extracts from several
automobiles. Each of the extracts was analyzed by GC-MS with a detection
limit of 0.04 ng. Results were reported in terms of ng per sample with the
‘weight in grams of the sample also noted. For the purposes of this report
the reported values were recalculated to reflect the concentrat1on of TCDD’s

in ng/g.

A pooled sample from two diesel cars contained no detectable 2378-TCDD
or other TCDD’s. Pooled filter extracts from three cars burning leaded
gasoline contained 2.98 ng/g of the 2378-TCDD isomer and 47.7 ng/g of four
other unspecified TCDD isomers. Samples from 10 cars with catalysts burning
unleaded gasoline comprised the third sample. The 2378-TCDD isomer was

_detected at a concentration of 1.4 ng/g. Nine other TCDD isomers were
detected at a concentration of 37.4 ng/g. The fourth sample was composed of
a filter extract from a céta]ytic car burning unleaded gasoline. The car was
malfunctioning and had excessive oil consumption. It was tested separately
because its extractable particulate emissions were so high its full inclusion
in the catalyst pool would have skewed the data. It was included in the
catalyst composite pool at one-tenth its normal emission rate. Particulate
extracts from this vehicle contained 0.28 ng/g 2378-TCDD and 7.5 ng/g of 10
other unspecified TCDD isomers.

3.2.12 Activated Carbon Regeneration Furnaces

Table 3-14 presents two studies which were conducted on activated carbon
regeneration at the Cincinnati Waterworks, Cincinnati, Ohio. 13,156 The first
study tested emissions from the fluidized bed system before an afterburner
was installed. 13 The carbon regenerated during the first study had been in
service for approximately one year. Pre-chlorination of the wastewater
(relative to the granular activated carbon bed) was in use.

Concentrat1ons of 2378-TCDD 1n the flue gas ranged from 0.01 to 0.21
ng/m with an average of 0.1 ng/m TCDD concentrations in the flue gas
ranged from 0.06 to 0.3 ng/m3 with an average concentration of 0 17 ng/m
Flue gas concentrat1ons of TCDF ranged from 0.08 to 0.51 ng/m with an
average of 0.3 ng/m For particulate samples, concentrations of the 2378-
TCDD isomer ranged from 4.3 to 51 ng/g with an average of 25 ng/g.
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Concentrations of TCDD ranged from 36 to 66 ng/g with an average
concentration of 48 ng/g. For TCDF’s, concentrations ranged from less than
detectable to 245 ng/g with an average concentration of 103 ng/qg in
particulate samples. The detection Timit for TCDF’s was 4 ng/qg.

The second study at this facility took place after installation of an
afterburner.156 The afterburner is located in the off-gas stream from the -
fluidized bed reactivation unit. The average temperature of the afterburner
during the test period was 2500°F. Post-chlorination of the wastewater
(relative to the granular activated carbon bed), rather than
pre-chlorination, was in use during the second study. The carbon being
regenerated had been in use 200 days. _

Emissions from the stack, afterburner, and recuperator were tested. The
2378-TCDD isomer was not detected in any of the samples. PCDD levels in
stack samples were 1.58 ng/m3, but only the hepta-CDD and OCDD homologues
were present. PCDF concentrations in stack samples were 0.5 ng/m3. In these
samples, the hexa-CDF, hepta-CDF and OCDF homologues were present. Detection
limits for these samples were not specified. ., However, information was
available for sample MM5 train blanks and sample train volumes making
calculation of detection Timits possible. The calculated detection limit for
the 2378-TCDD and other TCDD isomers was 0.006 ng/m3. For the TCDF isomers,
the calculated detection 1imit was 0.007 ng/m3. )
3.2.13 Experimental Studies

Experimental studies have been conducted on PCDD and PCDF formation from
combustion of chlorinated aromatics (see Table 3-15). Chlorobenzenes,
chlorophenols and the effect of inorganic chlorine on PCDD emissions have
been studied. Buser investigated the formation of PCDD’s and PCDF’s from the
pyrolysis of ch]orobenzenes.34 Both PCDD’s and PCDF’s were detected in
pyrolyzed samples. The formation mechanism proposed included a chlorophenol
intermediate. Buser also investigated the formation of PCDF’s from pyrolysis
of PCB’s.35’36’3-7 The yields of PCDF’s were estimated to range from

0.1 percent to several percent. The proposed mechanism is an intramolecular
cyclization.
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In a pilot incineration study, Jansson combusted chlorophenol-treated
d.111 PCDD’s were detected at levels ranging-from 0.2-155 ug/g feed.

Three reports have dealt with PCDD formation from combustion processes
in the presence of inorganic ch]orine.145’14g’226 Tiernan et al. found no
detectable PCDD’s or PCDF’s emitted from the combustion of virgin pine.226
However, in the presence of HCl, significant quantities of TCDD’s were
detected. Mahle et al. present similar results when burning coal in the
presence of C]z, HC1, and NaC].149 Liberati et al. studied the combustion of
vegetab]es.m5 When inorganic chlorine or polyvinyl chloride (PVC) is added,
PCDD’s and PCDF’s were detected in the emissions.

Chlorophenol combustion was studied at various combustion temperatures

.and residence times by Environment Canada.200 Combustion of 2,4,5-TCP,
Alchem 4135, Woodbrite 24, and diptank sludge generated from Woodbrite 24
preservation, resulted in PCDD concentrations in flue gas ranging from
0.6-3400 ug/g feed.

wOoo

3.3 PCDD FORMATION HYPOTHESES AND FACTORS AFFECTING EMISSIONS FOR COMBUSTION

SOURCES ' v

This section presents a summary of the most common PCDD formation
hypotheses for PCDD emissions from combustion sources. The section
summarizes the hypotheses contained in the literature and also presents a
discussion of combustion device operating parameters and fuel characteristics
that may affect PCDD emissions. v
3.3.1 A Summary of Formation Hypotheses for PCDD From Combustion

One of the earliest combustion device PCDD formation hypotheses advanced
was that of Dow Chemical Company entitled "The Trace Chemistries of Fire--A
Source of and Routes' for the Entry of Chlorinated Dioxins into the
Environment;"31’62 This hypothesis was advanced based on sampling conducted
by Dow Chemical Company from samples taken around the Midland facility and
sampling of a wide range of combustion devices.

This hypothesis suggested that PCDD’s/PCDF’s in combustion effluents
were ubiquitous and were due to the trace chemistries of fire. This
hypothesis, in conjunction with the findings of‘PCDD/PCDF in ashes and stack




gases from municipal solid waste combustors, lead to the inclusion of
combustion sources in the National Dioxin Study.

A significant amount of effort has been expended to attempt to explain
how or why PCDD’s/PCDF’s are formed in combustion processes. Table 3-16
summarizes hypotheses contained in the literature. Much of the effort has
been directed toward municipal solid waste incinerators. A significant
number of studies and hypotheses have tried to link specific precursors with
PCDD formation. The most prevalent precursors cited include chlorinated
phenols and chlorobenzenes. A considerable amount of work has also focused
on the chlorine content of the fuel. None of the hypotheses advanced to date
have been proven.
3.3.2 Factors Affecting PCDD Emissions From Combustion Sources

This section discusses the various factors identified in the literature
that may effect PCDD emissions. The following factors are believed to affect
CDD emissions:

) PCDD in feed, °
precursors in f?ed,
chlorine in feed,
combustion temperature,
residence time,
oxygen availability,
feed processing, and

0 supplemental fuel.
The interaction of these factors during the formation of PCDD’s is not well
defined. Therefore, each of the factors is discussed separately below.

3.3.2.1 PCDD in Feed. 2378-TCDD is an impurity that results from the
manufacture -of trichlorophenol, which is used to make the herbicide 2,4,5-
trichlorophenoxy acetic acid (245-T). Pentachlorophenol (PCP) production
will also result in a PCDD contaminant, primarily octachlorodibenzo-p-dioxin
(0CDD). The primary end use for PCP is as a wood preservative. It is
anticipated that Timited PCDD contamination will also occur during the
manufacturing of other similar chlorinated aromatics, particularly if the
manufacturing process is inefficient or not well controlled. Therefore,

O O o O o o
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PCDD’s are expected to enter the environment as a contaminant of commercial
products, such as wood preservatives and pesticides.

The widespread use of these products increases the possibility of
finding PCDD’s in the feed of a combustion process. For example, PCP-treated
wood may be used to fire boilers. Runoff may carry pesticides to water
treatment facilities where the ofganics are incorporated into a sludge. The
sludge may then be incinerated. Likewise, contaminated waste streams from
manufacturing processes may be incinerated as an energy recovery procedure.
One example is PCP sludge incinerators used at wood preserving facilities.

If PCDD’s are found in the feed of an inefficient or poorly controlled
combustion process, it is very 1ike1y that they will be released to the
atmosphere.

3.3.2.2 Precursors in Feed. Although the Dow "Chemistry of Fire"

- theory is backed by a considerable amount of experimental data, many of the
reviewed studies focused on the formation of PCDD’s and PCDF’s from
precursors. Experiments by Buser, Rappe, and others are described in more -
detail in Section 3.2.11.° Esposito et al. presented detailed descriptions of
the formation mechanisms of chlorinated CDD’s from precursors.78
organizes CDD precursors into three classes:
Class I - Polyhalogenated phenols, primarily with a halogen ortho to the
hydroxyl group, with a high probability of CDD formation.
Class II - Ortho-halophenols and ortho-halophenyl esters where the
substituted groups are a mixture of halogens and nonhalogens.
Class III - Other chemicals having the possibility, but less 1likelihood,
of CDD formation. These include chlorinated aromatic compounds.

The majority of experimental work to date has centered on three classes
of precursors: chlorinated phenols, chlorinated benzenes, and PCB’s.

PCDD formation from the combustion of chlorinated phenols has been
tested extensively by Rappelgo, Janssonlll, and Ah]ings’7. Dechlorination of
the highly chlorinated homologues can result in the more toxic TCDD isomers.
Chlorinated phenols are used as wood preservatives; herbicides, and sap stain
control. Wood or vegetation sprayed with chloropheho]s may be disposed of by
incineration or used as a supplemental fuel in boilers. In addition,

This work
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chlorophenel, i.e., wastes, have the potent1a1 to be disposed of in sludge
incinerators and industrial boilers. ,

Buser investigated the formation of PCDD’s and PCDF’s from the pyrolysis
of ch1orobenzenes.34 The formation mechanism included a chlorophenol and a
polychlorinated diphenyl ester (PCDPE) intermediate. Chlorobenzenes are used
in solvents, dyes, pharmaceuticals, and rubber production. These products
make up much of the organic chlorine found in feed of municipal waste
incinerators. The associated waste product may also be disposed of in an
incinerator or boiler.

" Buser also investigated the formation of PCDF’s from the pyrolysis of
PCB’s.34’35’36 No experimenta1 work has been identified on PCDD formation
~from PCB’s. However, studies have been identified that found PCDD’s emitted

from PCB f1res 60,158 In addition, PCB’s are often in solution with .
hexachlorobenzenes that have been shown to form PCDD’s. Up until 1975, PCB’s
were used as dielectric fluids in transformers and capacitors. PCB’s have
also been used in hydraulic fluids, plasticizers, and dyes. The incineration
of PCB’s at waste disposal facilities or in boilers may result in PCDD and
PCDF emissions.

3.3.2.3 (Chlorine in Feed. The chlorine content of fuel is obviously an
important parameter affecting the formation of PCDD’s or PCDF’s. Shih et al.
developed a ranked priority list of conventional combustion systems emitting
polycyclic organic matter including PCDD’s and PCDF’S.211 The rationale
presented for source ranking is based on fuel characteristics and combustion
conditions. Shih’s work places great emphasis on both the chlorine content
of the feed and the concentration of aromatics in the feed.

Other authors have demonstrated the effect of chlorine on PCDD
emissions. Mahle et al. demonstrated that PCDD’s were emitted from coal
combustion on]y‘when chlorine was added.149 Tiernan et al. found PCDD
formation during the combustion of pine in the presence of HC1, but no PCDD’s
were detected during the combustion of pine alone. 226 Liberti studied the
combustion of vegetables. 145 When inorganic chlorine or PVC is added, PCDD’s

~and PCDF’s were detected in the ash.

3
i
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While the precursor fheory has received widespread acceptance, these
‘inorganic chlorine studies demonstrate that the specific mechanisms involved
in PCDD formation are complex and not well understood. However, it can be
generally stated that chlorine must be present for the formation of PCDD, and
general trends indicate that increased chlorine concentrations in the feed
improve the possibilities of PCDD emissions.

3.3.2.4 Combustion Conditions. The remaining factors identified in the
literature that affect PCDD emissions are combustion conditions. These
include combustion temperature, residence time, supplemental fuel, fuel
processing, and oxygen availability. Combustion efficiency is a function of
all of these factors. In order to destroy PCDD’s or-prevent their formation,
the combustion efficiency must be high. This requires a combination of high
temperatures, available oxygen, high heating value fuel, and long residence
times. ‘

3.3.2.5 Combustion Temperature. Experimental evidence suggests that
-temperatures of 500-800°C promote PCDD formation, while temperatures greater
than 800°C destroy PCDD’s.6’37’62 Buser et al. showed that PCB pyrolysis at
550 to 650°C forms PCIf)F.192 However, pyrolysis at temperature greater than
700°C causes 99 percent destruction of PCB’s and no PCDF formation. Ahling
et al. produced similar results for both PCDD’s and PCDF’s during the
combustion of ch]oropheno]s.7

Combustion temperature is a function of the heating value of the fuel or
supplemental fuel, the available air, and the degree of fuel processing.
Municipal waste incinerators are considered a major combustion source of
PCDD’s.228 The large mass burn units are characterized by low combustion
temperatures. This is due in part to the high moisture, low heating value
fuel, poor air/feed mixing as a result of a lack of feed processing, and lack
of supplemental fuel. In comparison, many hazardous waste incinerators and
high efficiency boilers are designed for efficient combustion. These units
burn high heating value fuels or add high heating value éupp]emental fuels
and, even if the air/fuel ratio is low, the air/fuel hixing is efficient.
The fuels are processed to decrease moisture and improve mixing. In many
cases, high temperature afterburners are used for the combustion of offgases.
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Several studies have been identified that demonstrate the effects of high
combustion temperatﬁres on PCDD’s and PCDD preCursors.3’184’234 For example,
no PCDD’s were detected in the emissions of the Vulcanus incinerator ship
during the combustion of PCDD contaminated Herbicide Orange.3 The combustion
temperature during this study was 1600°C., |

3.3.2.6 Residence Time. The residence time necessary to destroy PCDD’s
and the combustion temperature are inversely related. The higher the
combustion temperature, the shorter the required residence time for PCDD
destruction. Likewise, a Tow temperature source will require a Tong
residence time for destruction of PCDD’s. Sachdev et al. showed that an
increase in both temperature and residence time decreased the formation of
.PCDD’s from chlorophenol combustion.200 Similar results have been found at
hazardous waste incinerators that run with 1.5-2.0 second residence times.
Combustion sources with longer residence times and high temperatures are less
likely to form products of incomplete combustion, such as PCDD’s.

3.3.2.7 0xygen Availability. Oxygen availability is a function of both
the air/fuel ratio and air/fuel mixing efficiency, both of which are of
concern when burning solid fuels. Solid fuels and high viscosity liquid
fuels such as waste tars burn as particulates or large droplets; therefore,
portions of the fuel are burned in low oxygen or pyrolysis conditions. An
insufficient supply of oxygen or poor air/fuel mixing will promote poor
combustion conditions and PCDD formation. Jansson demonstrated that an
insufficient air supply increases PCDD emissions from chlorophenol
combustion.111 Municipal waste incinerators are usually fired with excess
air. However, large mass burn units may have poor air/fuel mixing due to the
lack of fuel processing or poorly designed air distribution systems.
Activated carbon regeneration and wire reclamation incinerators are both
designed to be operated with low excess air. All of these cases have been
shown to emit CDD’s.mo’loz’103

3.3.2.8 Feed Processing. The feed material for a combustion source may
be a 1iquid, a solid, or a gas. Both liquid and gas fuels can be easily
mixed with air resulting in a high combustion efficiency; solid feeds usually
require some processing to improve combustion. Often solid feeds require
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drying, shredding, or separafion to improve combustion. Similarly, high
viscosity fuels (i.e., waste tars) require preparations such as preheating
and atomization prior to combustion.

Feed processing will determine in part both oxygen availability and
residence time. Fine, homogeneous feed particles will improve air/fuel
mixing and combustion. Larger particles will require longer residence times
and may result in local oxygen deficiencies due to poor mixing. High
moisture will also decrease combustion efficiency. Therefore, highly
processed homogeneous feeds are less likely to emit products of incomplete
combustion, such as PCDD’s.

3.3.2.9 Supplemental Fuel. When burning a low Btu fuel, the addition
of supplemental fuel will increase the combustion temperature and improve
combustion. Haile et al. tested a boiler cofiring RDF with coa].92 The
boiler temperature was 1200°C, and no PCDD’s were detected. Dow Chemical
tested an industrial incinerator burning waste tars without supplemental fuel
and found ppb levels of TCDD’s in the fly ash.62 After the addition of a
suppiemental fuel, no TCDD’s weré detected.
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LIST OF REFERENCES PERTAINING TO CHLORINATED
DIOXIN AND FURAN AIR EMISSIONS : : S

. *Denotes draft or unpublished reports from which emissions data were available.
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APPENDIX B
LITERATURE DATA BASE







Dioxin Literature Data Base







KEY TO ABBREVIATIONS

REF #/ = Reference Number/Sample or Sample Number
dscm = Dry Standard Cubic Meter
ESP = Electrostatic Precipitator
FA = Fly Ash
FG = Flue Gas
g = Gram
GC = Gas Chromatography
GS =  Grab Sample
HRGC = High Resolution Gas Chromatography
HRMS = High Resolution Mass Spectrophotometry
M = Cubic Meter
- MM5T = Modified Method 5 Train
Ms = Mass Spectrophotomer
N/A = Not Available
ND = Not Detected
ng = Ngnogram = 1072 grams
NM3 = Normal Cubic Meter
PART = Particulate Phase Sample
ppb = Parts Per Bi1ljon
ppm - Parts Per Million
ppt = Parts Per Trillion
ug = Micrograms = 1076 grams
* = Preliminary Data or Draft Report
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ICIPAL SOLID WASTE

E e [SOMER __ISOMER CONG.  PROCESSES | SAMPLE  METHOD
12/8M 283 0CDD 1 ug/kg N/A FA GS
12/sM 294 0CDD . 13 ug/kg N/A FA GS
12/MA-LFU oCDD 15 ug/kg N/A FA GS
12/LF1-NVW 0CDD 800 ug/kg N/A FA - GS
12/8-LFU oCDD 520 ug/kg N/A FA GS

12/sM03,81 0CDD <0.5 ug/kg N/A FA GS
21/2A/A 2378-TCDD <1 ng/nm3 STACK FG MMST
21/2A/A P5CDD < 1 ng/nm3 STACK FG MMST
21/2A/A H6CDD < 1 ng/um3 STACK FG MMST
21/2A/A H7CDD < 1 ng/am3 STACK FG MM5T
21/2A/A 0CDD 2.3 ng/nm3 STACK FG MM5T
21/2A/B 2378-TCDD < 6 ng/am3 STACK FG © MMS5T

21/2&/B P5CDD < 1 ng/nm3 STACK FG MMST
21/2A/B H6CDD < 2 ng/nm3 STACK FG . MMS5T
21/2A/B H7CDD < 1 ng/nm3 STACK FG MMST

~21/2A/B 0CDD <.1 ng/nm3 STACK FG MM5T
21/2B/A 2378-TCDD < 1 ng/am3 STACK : FG MM5T
21/2¥ /& FIeon <1 wg/nm3 STACK : FG . MM5T
21/2B/A H6CDD "< 2 ng/nm3 STACK FG MMST
21/2B/A H7CDD < 2 ng/am3 STACK FG MM5T
21/2B/A 0CDD <1 ng/nm3 STACK FG MMST
21/2B/B 2378-TCDD <1 ng/nm3 STACK FG MMS5T
21/2B/B P5CDD < 1 ng/nm3 STACK FG MMST
21/2B/B H6CDD < 1 ng/nm3 STACK FG MM5T
21/2B/B H7CDD < 1 ng/um3 STACK FG MMS5T
21/2B/B 0oCDD < 2 ng/nm3 STACK FG MMS5T
25/A ‘ TCDD 10 ngl/g FUME PART. N/A
25/A P5CDD 266 nglg FUME PART. N/A
25/A H6CDD 718 ng/g FUME PART. N/A
25/A H7CDD 1220 ng/g FUME PART. N/A
25/A 0CDD 498 nglg FUME PART. N/A
25/A OCDF 468 ngl/g FUME PART. N/A
25/A TCDD - eme—- FA GS
25/A TCDF - emee—- “FA GS
25/A P5CDD - eme—- FA GS
25/A PSCDF - emeee- FA GS
25/A H6CDD 24 ppb @ =m——- FA GS
25/A H6CDF - eee—- FA GS
25/A H7CDD 37 ppb @ ====-- FA GS
25/A H7CDF 25 ppb = ===-= FA GS
25/A 0CDD 109 ppp = ====- TA ;o
25/A OCDF 27 ppb ————— A =0




{UNICIPAL SOLID WASTE

REF # ISOMER ISOMER CONC. PROCESSES SAMPLE METHOD

Prgrpepepess 2T T TTIT T T IR R L LA 2 0 R 2 2 A R A L L At AR L R Rt R S 2]
25/B TCDD 65 ngl/g FUME PART. N/A
25/8 P5CDD 291 ng/g FUME PART. N/A
25/8 H6CDD - 621 ng/g FUME PART. N/A
25/8B H7CDD 737 nglg FUME - PART. N/A
25/B 0CDD 213 ng/g FUME PART. N/A
25/B OCDF 68 ng/g FUME PART. N/A
25/8 TCDD 0.6 ppb = ===—- FA GS
25/8 TCDF 3.2 ppb @ ~e==- FA GS
25/8 P5CDD 3.2 ppb ————— FA GS
25/B PS5CDF -~ 21,5 ppb @ ==eme- FA GS
25/8 H6CDD 18.5 ppb == =e=ea FA GS
25/8 H6CDF 34.5 pph @ =—ee- VA (BE4
25/B H7CDD 41.5 ppb -~ FA 6
25/B H7CDF 50.5 ppbp = @ —===- FA GS
25/B 0CDD 96 ppb === o —=——- FA GS
25/B OCDF . 10.3 ppb = ~===- "Fa GS
25/¢C TCDD . 4 ngl/g FUME PART, N/A
25/¢ P5CDD 114 ng/g FUME PART. N/A
25/¢ H6CDD 263 ng/g FUME *  PART., N/A
25/¢ H7CDD 438 ng/g FUME - PART. N/A
25/cC 0CDD 168 ng/g FUME PART, N/A
25/c¢ OCDF 138 ng/g FUME PART. N/A
25/¢C TCDD - m———— FA GS
25/¢ TCDF - eme=a FA GS
25/c¢ P5CDD - eeea- FA . GS
25/¢c PS5SCDF - emee- FA GS
25/c¢ H6CDD - eeea- FA GS
25/¢ H6CDF - ————- FA GS
25/¢c H7CDD - eeme- FA GS
25/¢ H7CDF - eeee- FA GS
25/c¢ 0CDD 100 ppb = ===== FA GS
25/¢ OCDF 24 ppb @@= —==-- FA GS

25 TCDD 85 ng/g ESP FA GS
25 P5CDD 165 ng/g ESP FA GS
25 H6CDD 595 ng/g ESP FA GS
25 H7CDD 835 ng/g ESP FA GS
25 0CDD 326 nglg RSP A ¢S
25 OCDF 125 ng/g ESE 3 GS -
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H{UNICIPAL SOLID WASTE

REF # - ISOMER ISOMER CONC. PROCESSES SAMPLE  METHOD

------l.----..----._--------.---.--.-'--..I..-.-------I.II.-..-;---.'-.
26/4123 EECTE /T £¢ ppt /A FA [
26/A123 H7CDD 90.7 ppb ' N/A FA GS
26/A123 H7CDF 49 .3 ppb N/A FA GS
26/4123 0CDD 120 ppb N/A FA @S
26/A123 OCDF 43.6 ppb N/A FA GS

26/B H6CDD/F ND N/A FA GS
26/B H7CDD 6 ppb N/A FA GS
26/8B H7CDF ND N/A FA GS
26/8 0CDD 12 ppb ‘N/A FA GS
26/B OCDF . ND N/A FA -GS
26/C H6CDD/F ND N/A FA GS
26/c¢C H7CDD 5 ppb N/A FA GS
26/¢ H7CDF ND N/A FA GS
26/¢C 0CDD 5 ppb N/A FA GS
26/cC OCDF ND N/A ' TA -8
32/1 2378-TCDD 0.38 ng/m3 STACK FG TRAIN
32/1 T4CDD 17 ng/m3 STACK FG TRAIN
32/1 P5CDD 170 ng/m3 STACK FG TRAIN
32/1 H6CDD 170 ng/m3 STACK FG TRAIN
32/1 H7CDD 140 ng/m3 STACK FG TRAIN
32/1 0CDD w. .. 17 ng/m3 STACK FG TRAIN
32/1 2378~TCDF 2.2 ng/m3 STACK FG : TRAIN
32/1 T4CDF 41 ng/m3 '~ STACK _ FG TRAIN
32/1 P5CDF 40 ng/m3 . STACK FG TRAIN
32/1 . H6CDF 9.3 ng/m3 STACK FG TRAIN
32/1 H7CDF 2.2 ng/m3 STACK FG TRAIN
32/1 OCDF < 2 ng/m3 STACK - FG TRAIN
32/2 2378-TCDD 0.45 ng/m3 STACK FG TRAIN
32/2 T4CDD 14 ng/m3 " STACK FG TRAIN
32/2 P5CDD 97 ng/m3 STACK FG TAL !
32/2 H6CDD 53 ng/m3 ST4CE 16 e
32/2 H7CDD 71 ng/m3 STACK FG TRAIN
32/2 0oCcDD < 10 ng/m3 STACK FG TRAIN
32/2 2378-TCDF 2.1 ng/m3 STACK FG TRATY
32/2 T4CDF 33 ng/m3 ) STLCH i P!
32/2 P5CDF 21 ng/m3 STACK FG TRAIN
32/2 H6CDF 3.9 ng/m3 STACK FG TRAIN
32/2 H7CDF < 1 ng/m3 STACK FG TRAIN
32/2 OCDF < 2 ng/m3 STACK FG TRAIN
33 PCLD 0.2 ppm Stack/ESP FA N/A

33 PCDF 0.1 ppm Stack/ESP FA N/A
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MUNICIPAL SOLID WASTE

REF # ISOMER " ISOMER CONC. PROCESSES SAMPLE METHOD
‘--..-----'--.-.---------.--.--.------.--.-.-.—-..---.-.------'-----8--

43/#1 T4CDD 19.6 ng/Nm3 Stack FG Train
43/#1 PSCDD 27.9 ng/Nm3 Stack FG Train
43/#1 E6CDD 178.2 ng/Nm3 Stack FG Train
43/#1 H7CDD 159.6 ng/Nm3 Stack - FG Train
43/#1 08CDD 63.9 ng/Nm3 Stack FG Train
i/ T&LCLTE KD Stack ¥G Train
L3[#1 08CDF 59.3 ng/Nm3 Stack FG Train
43/#1 T4CDD 1.1 ng/Nm3 Stack FA Train
43/#1 P5CDD 2.7 ng/Nm3 Stack FA Train
43/#1 H6CDD 11,5 ng/Nm3 Stack FA Train
43/ #1 H7CDD "1.03 ng/Nm3 Stack FA Train
43/#1 08CDD 8 ng/Nm3 Stack FA Train
43/#1 T4CDF ND Stack FA Train
43/#1 08CDF 2.2 ng/Nm3 Stack FA Train
43/#2 TCDD 0.25 ppb Dust Col. FA GS
43/#2 P5CLD 1.7 pphb Tust Col. FA GS
43/#2 H6CDD - 294 ppb Dust Col. FA GS
43/#2 H7CDD 8.9 ppb Dust Col., FA GS

Y 43/#2 0CDD - 295 ppb Dust Col. FA GS
43/#2 TCDF .0.46 ppb Dust Col. FA GS
43/#2 OCDF 15.8 ppb Dust Col. FA GS
437#2 TCDD 172.2 ng/Nm3 Stack FA Train
43/#2 P5CDD 172.3 ng/Nm3 Stack FA Train
43/#2 H6CDD 12015 ng/Nm3 Stack FA Train
43/ #2 H7CDD 575 ng/Nm3 Stack FA Train
43 /%2 oCDD 7312 ng/Nm3 Stack FA Train
43/#2 TCDF 75 ng/Km3 Stack FA Train
43/#2 OCDF 2883 ng/Nm3 Stack ‘ FA Train
43/#2 TCDD 17 ng/¥m3 Stack FG Train
43/%#2 P5CDD 107 ng/Rm3 Stack FG Train
43/#2 H6CDD 26620 ng/Nm3 Stack FG Train
43/#2 H7CDD 828 ng/Nm3 Stack FG Train
43/#2 0CDD 1179 ng/Km3 Stack FG Train
a3 f#9 TGCDF 108.6 ng/Nm3 Stack FG Train
DAY GCDF 4390 ng/Nm3 Stack FG Train
43/#3 TCDD ND Dust Col. FA GS
43/#3 P5CDD 0.92 ppbd Dust Col. FA GS
43/%#3 H6CDD 1.8 ppb Dust Col. FA GS
43/#3 H7CDD 3.1 ppb Dust Col. FA GS
43/#3 .0CDD 1.5 ppb Dust Col. FA GS
43/#3 TCDF 0.8 ppb Dust Col. FA GS
43743 OCDF 3.3 ppd Dust Col. FA GS
43[#3 TCDD 0.037 ng/Nm3 Stack FA Train
43/#3 P5CDD 0.3 ng/Nm3 Stack TA Te-in
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NICIPAL SOLID WASTE

REF # ISOMER ISOMER CONC. . PROCESSES SAMPLE METHOD
43/#3 ~ H6CDD 6.7 ng/Nm3 Stack FA Train
43/#3 H7CDD 0.2 ng/Nm3 Stack FA Train
43/#3 0CcDD 1.7 ng/Nm3 . Stack FA Train
43/#3 TCDF 2.57 ng/Nm3 Stack FA Train
43/#3 OCDF 0.08 ng/Nm3 Stack FA : Train.
43/#3 TCDD 19 ng/Nm3 Stack FG Train
43/#3 P5CDD 40 ng/Nm3 Stack FG Train
L3/#3 BHE6CLD 6542 ng/Nm3 Stack FG Train
L7535 F7CDD 124 ng/Rm3 Stack FG Train
43 /43 0CDD 776 ng/Nm3 Stack FG Train
43/#3 TCDF 429 ng/Nm3 Stack FG Train
43 [#3 OCDF --1010 ng/Nm3 Stack FG Train
L5 [ TCIT «6 .4 ppb Dust Col. FA GS
43 /#4 P5CDD 65.4 ppb Dust Col. FA GS
43/#4 H6CDD 2496 ppb Dust Col. FA GS
43/+#4 H7CDD - 87.9 ppb Dust Col. FA GS
43/#4 oCDD 841.5 ppbd Dust Col. FA GS
43/ +#4 TCDF 61.7 ppb Dust Col. FA GS

_43/#4 OCDF 255 ppb Dust Col. FA GS
43 /#4 TCDD 10.9 ng/Nm3 Stack FA Train
43/#4 P5CDD 2.8 ng/Nm3 Stack FA Treain
43 /#4 H6CDD 0.54 ng/Nm3 Stack FA Trair
43/#4 H7CDD -- 342 ng/Nm3 Stack FA Train
43/#4 0CDD 39 ng/Nm3 Stack FA Train
43/4#4 TCDF 3.7 ng/Nm3 Stack FA Train
43/ #4 - OCDF 0.06 ng/Nm3 Stack FA Train
43/#4 TCDD 60 ng/Nm3 Stack FG Train
43/#4 P5CDD - 33 ng/Nm3 Stack FG = . Train
43/#4 H6CDD 1390 ng/Nm3 Stack FG Train
43 /%4 H7CDD 167 ng/Nm3 Stack FG . Train
L5754 (T 770¢2 ng/Nm3 Stack FG Train
43/ #4 TCDF 1814 ng/Nm3 Stack FG ~ Train
43/#4 OCDF 1760 ng/Nm3 Stack FG Train
43/ #5 TCDD 0.7 ppb Dust. Col. FA GS
43/#5 P5CDD 0.05 ppd Dust. Col. FA GS
43/#5 H6CDD 0.021 ppbd Dust. Col. FA GS
43/#5 H7CDD 0.007 ppbd Dust. Col. FA GS
43/#5 oCDD 0.1 ppbd Dust. Col. FA GS
43/#5 TCDF 1.18 ppbd Dust. Col. FA GS
43/#5 OCDF 0.0015 ppb Pust. Fel. A ' 33
43/#5 TCDD 0.34 ng/Nm3 Stack FA Treln
43/ #5 P5CDD 2.4 ng/¥Nm3 Stack FA Train
43/#5 H6CDD 196 ng/Nm3 Stack FA - Train
43/#5 B7CDD 9.9 ng/Nm3 Stack FA Train
43/#5 . 0CDD 173 ng/Nm3 Stack FA Train
43/#5 TCDF 75.3 ng/Nm3 . Stack FA Train
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MUNICIPAL SOLID WASTE

REF # ISOMER ISOMER CONC. PROCESSES SAMPLE METHOD

43/#5 OCDF 3.2 ng/Nm3 Stack FA Train
43 ]#5 TCDD 9.6 ng/Nm3 Stack FG Train
43 /%5 PSCRE 71 ng/html Stack FC Train
43/#5 H6CDD 328 ng/Nm3 Stack FG Train
43/#5 H7CDD 46 ng/Nm3 Stack FG Train
3" aY adu}a} 244 ng/Nm3 Stack FG Train
PACE 3 TCDF 305 ng/Nm3 Stack FG Train
43/#5 OCDF 89 ng/Nm3 Stack FG Train
43/46 TCDD N ND Dust Col. FA GS
43/#6 P5CDD ND Dust Col. FA GS
43/#6 H6CDD ND Dust Col. FA GS

43 /#6 H7CDD 0.0012 ppbd Dust Col. FA GS
43/46 0CDD 5.86 ppb Dust Col. FA Gs
43/#6 TCDF ND Dust Col. FA GS
43/#6 OCDF 1.93 ppb Dust Col. FA cs
43/ #6 TCDD NI ftack F& Traimn
43/46 P5CDD 0.01 ng/Nm3 Stack FA Train
43 /%6 H6CDD 0.28 ng/Nm3 Stack FA Train
43 [#6 H7CDD ND Stack Ts Train
43/4#6 0CDD 0.51 ng/Nm3 Stack FA Train .
43/#6 TCDF .. .. §p Stack FA Train
43/#6 OCDF ND Stack FA Train
43/#6 TCDD 19 ng/Nm3 Stack FG Train
43/#6 P5CDD 11 ng/Nm3 Stack FG Train
43/#6 H6CDD 480 ng/Nm3 Stack FG Train
43 /46 * H7CDD 6 ng/Nm3 Stack FG . Train
43 /%6 0CDD 71 ng/Xm3 Stack FG Train
43/#6 TCDF 27 ng/Nm3 Stack . FG Train
43/ #6 OCDF 24 ng/Fm3 Stack Fc Train
4G /A TCDD 10 ppb STACK FG N/A
L4]A P5CDD 269 ppb STACK FG N/A
44 /A H6CDD 390 ppd STACK FG N/A
INYIN H7CDD 11 ppb STACK FG N/A
INAIN 0CDD 8 ppb STACK FG N/A
44 [A TCDF 46 ppb STACK ' FG N/A
L4fA P5CDF 153 ppb STACK FG N/A
441A H6CDF 1712 ppb STACK FG N/A
Lxfa HICHT a7 nph 8TLCK ' FG N/A
44 [A OCDF  ===== STACK FG N/A
L4 [A TCDD = em———- STACK FG N/A
44/A P5CDD === STACK FG N/A
G4 [A H6CDD @ memm—- STACK ‘ FG N/A
44 /A H7CDD = ====- STACK FG N/A
4G4 [A OCDD ————— STACK FG N/A-




ICIPAL SOLID WASTE

2P # ISOMER ISOMER CONC. PROCESSES  SAMPLE METHOD

44/A TCDF STACK ~ FG N/A
44 /A PSCDF STACK FG N/A
44 1A H6CDF STACK FG N/A
44/A H7CDF ' " STACK FG - N/A
G4 /A OCDF STACK FG N/A
44 /A TCDD ) STACK FG N/A
44 /A P5CDD STACK FG N/A
44/A H6CDD STACK FG N/A
P 17CDD STACK FG N/A
GLIA cCDD STACK FG . N/A
44[A TCDF - STACK FG N/A
44/A PSCDF STACK FG N/A
44 /A H6CDF STACK FG N/A
44 /A H7CDF STACK FG N/A

44 /A OCDF STACK FG N/A

44(B TCDD ' STACK FG N/A
44/B P5CDD STACK FG N/A
44/B H6CDD STACK FG N/A
44/B H7CDD STACK FG N/A
44/B ocDD STACK FG N/A
44/38 TCDF STACK FG N/A
44/8 PSCDF e STACK FG N/A
44/8 H6CDF STACK FG N/A
44(B H7CDF STACK FG N/A
4418 OCDF STACK FG N/A
44713 TCOD -——e - CTACK FG N/A
44/8 P5CDD STACK FG - N/A
44/8B H6CDD STACK FG N/A
44/B H7CDD STACK FG N/A
44/B oCDD STACK FG N/A
44/B TCDF STACK FG N/A
44/B P5CDF STACK FG N/A
44 /B H6CDF STACK FG N/A
4418 H7CDF STACK FG N/A
448 OCDF STACK FG N/A
44/B TCDD . : STACK FG N/A
44/B P5CDD STACK FG N/A
44/B H6CDD STACK ~ FG - N/A
448 H7CDD STACK FG ' N/A
44 /B : oCDD . STACK FG N/A
44/B TCDF STACK FG N/A
44/8B ' P5CDF : STACK FG N/A
44/B H6CDF STACK FG . N/A
44/B H7CDF STACK FG N/A
GGFE GCBF STACK FG N/A




MUNICIPAL SOLID WASTE

REF # ISOMER ISOMER CONC. PROCESSES SAMPLE ~ METHOD

1

477037 TCDD . 20 nglg STACK FA GS
477037 P5CDD 22 nglg STACK FA GS
47/037 H6CDD 13 ng/g ) STACK FA GS
47/037 H7CDD 3 ngl/g STACK FA GS
47/037 0CDD 4 nglg STACK FA GS
47/038 TCDD 20 ng/g STACK -FA GS
47/038 P5CDD 23 nglg STACK FA GS
477038 H6CDD - 16 ng/g STACK FA GS
47/038 H7CDD 5 nglg STACK FA GS
47/038 0CDD 5 nglg STACK FA GS
477039 TCDD 27 nglg STACK FA GS
47/039 P5CDD 30 ng/g STACK FA GS
47/039 H6CDD 19 ng/g STACK FA GS
47/039 H7CDD 5 ngl/g STACK FA GS
47/039 0CDD 5 ngl/g STACK FA GS
47/040 _TCDD 68 ngl/g STACK FA GS
471040 P5CDD 73 ngl/g STACK FA GS
47/040 H6CDD -+ <46 nglg STACK FA GS
477040 H7CDD 12 ngl/g STACK FA GS
4771040 0CDD 18 ng/g STACK FA GS
47/041 TCDD 18 ng/g STACK . FA GS
477041 P5CDD 19 ng/g STACK FA GS
47/041 H6CDD 13 ng/g STACK Y 8
47/041 H7CDD . 4 nglg . STLCFE Fa [
47/041 0CDD 3 ngl/g STACK FA GS
47/042 TCDD 15 ngl/g STACK FA GS
47/042 P5CDD 17 ngl/g STACK FA GS
47/042 H6CDD 15 ngl/g STACK FA GS
477042 H7CDD 6 ngl/g STACK FA GS
4771042 0CDD 20 ng/g STACK FA GS
47/043 TCDD 15 ng/g . STACK FA GS
47/043 P5CDD 17 nglg STACK FA GS
47/043 H6CDD 15 ngl/g STACK FA GS
47/043 H7CDD 7 nglg STACK FA Gs '

47/043 0CDD " 14 nglg STACK FA .68
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INICIPAL SOLID WASTE

fzr # ISOMER ISOMER CONC. PROCESSES SAMPLE METHOD
: -.----I.--.-.--------..---‘------..--.--ﬁ--.--1---.--.'.-'-..'.-------
47/044 TCDD 18 ngl/g STACK FA GS
47/044 P5CDD . 21 ngl/g STACK FA GS
47/044 H6CDD 19 ng/g STACK FA GS
47/044 H7CDD 8 ngl/g STACK FA GS
47/044 0CDD 18 ng/g STACK FA GS
477045 TCDD 17 ngl/sg STACK FA GS
47/045 P5CDD 22 ngl/sg STACK FA GS
477045 H6CDD 18 ng/g : STACK FA GS
47/045 H7CDD 8 ngl/g STACK FA GS
47/045 oCDD 21 ng/g STACK FA GS
47/046 TCDD - 28 ngl/g STACK FA GS
47/046 P5CDD .34 nglsg - STACK FA GS
47/046 H6CDD 32 ngl/sg STACK FA GS
47/046 H7CDD 7 nglg STACK FA GS
47/046 0CDD 8 ngl/g STACK FA GS
471047 TCDD 21 ngl/g STACK .. FA GS
47/047 P5CDD 25 ngl/g STACK FA GS
47/047 H6CDD 17 ngl/g STACK FA GS
47/047 H7CDD 5 ngl/g STACK FA GS
471047 -0CDD 3 ngl/g STACK FA GS
47/048 TCDD 31 nglg STACK FA GS
47/048 P5CDD 33 ng/sg STACK FA GS.
477048 H6CDD 17 ng/g : STACK FA GS
47/048 H7CDD 4 nglg STACK ~ FA GS
47/048 0CDD 2 nglg STACK FA GS
47/049 TCDD 25 nglg STACK FA GS
47/049 P5CDD 28 nglg STACK FA GS
477049 H6CDD 22 ngl/g STACK FA GS
47/049 H7CDD 13 ngl/g STACK FA - GS
47/049 0CDD 31 ngl/g - STACK FA GS
47/050 TCDD 35 ng/sg STACK FA GS
47/050 P5CDD 30 ng/g STACK FA GS
47/050 H6CDD 24 nglg STACK FA GS
47/050 H7CDD 11 ngl/g STACK FA GS
47/050 0CDD 27 nglsg STACK _FA - GS
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MUNICIPAL SOLID WASTE

REF # ISOMER ISOMER CONC. PROCESSES SAMPLE METHOD

49/PT2
49/PT2
49/PT2

49/PT3
49/PT3
49/PT3
49/PT3
49/PT3
49/PT3
49/PT3
49/PT3
49/PT3
49/PT3

49/PT4

49/PT4
49/PT4
49/PT4
49/PT4
49/PT4
49/PT4
49/PT4
49/PT4
49/PT4

49/PT2
49/PT2
49/PT2
49/PT2
49/PT2
49/PT2
49/PT2
49/PT2
49/PT2
49/PT2

49/PT3
49/PT3
49/PT3
49/PT3
49/PT3
49/PT3
49/PT3
49/PT3
49/PT3
49/PT3

H6CDF
H7CDF
OCDF

TCDD
P5CDD
H6CDD
H7CDD
0CDD
TCDF
P5CDF
H6CDF

H7CDE— - -

OCDF

TCDD
P5CDD
H6CDD
H7CDD
0CDD
TCDF
P5CDF
H6CDF
H7CDF
OCDF

TCDD
P5CDD
H6CDD
H7CDD
0CDD
TCDF
P5CDF
H6CDF
H7CDF
OCDF

TCDD
P5CDD
H6CDD
H7CDD
0CDD
TCDF
P5CDF
H6CDF
H7CDF
OCDF

ot

o —
. .

wvWwo
e s o

NOOOOWNUVOO

o
.

WOOOOWMOODOO OO0

COO0OO0O0O0OO0O0 OO0O0OO0O0OO0O0O0O0OO0C

ng/g
ng/g
ng/g

ng/g
ng/g
ng/g
ng/g
ng/g

ng/g

ng/g
ngl/g
ng/g
ng/g

ng/g
ng/g
ng/g
ngl/g
ng/g
ng/g
ng/g
ng/g
ng/g
ng/g

ng/g
ng/g
ng/g
ng/g
ng/g
ngl/g
ng/g
ng/g
ng/g
ng/g

ng/g
ng/g
ng/g
ng/g
ng/g
ng/g
ng/g
ng/g
ng/g
ng/g
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INCIN.
INCIN.
INCIN.
INCIN.
INCIN.
INCIN.
INCIN.
INCIN.
INCIN.
INCIN.

INCIN.
INCIN.
INCIN,
INCIN.
INCIN.
INCIN.
INCIN.
INCIN.
INCIN.
INCIN,

GARBAGE
GARBAGE
GARBAGE

GARBAGE
GARBAGE
GARBAGE
GARBAGE
GARBAGE
GARBAGE
GARBAGE
GARBAGE
GARBAGE
GARBAGE

GARBAGE
GARBAGE
GARBAGE
GARBAGE
GARBAGE
GARBAGE

GARBAGE -

GARBAGE
GARBAGE
GARBAGE

ASH
ASH
ASH
ASH
ASH
ASH
ASH
ASH
ASH
ASH

ASH
ASH
ASH
ASH
ASH
ASH
. ASH
ASH
ASH
- ASH

GS
GS
GS

GS
GS
GS
GS
GS
GS
GS
GS
GS
GS

GS
GS'
GS
GS
GS
GS
GS
GS

GS

GS

GS
GS
GSs
GS
GS
GS
GS
GS
GS
GS

GS
GS
GS
GS
GS
GS
GS
GS
GS
GS




ICIPAL SOLID WASTE

REF # . ISOMER ISOMER CONC. PROCESSES SAMPLE METHOD

SN IS E IR N N S S R R S A S RS SN S E N N RN N NN RN NSNS
4S/PT4 TCDD 0 ng/g INCIN. ASH GS
49/PT4 P5CDD VU ng/x INCIN, ASH GS
49/PTé H6CDD 0 ng/g INCIN. ASH e3
49/PT4 H7CDD, 0 ng/g INCIN. ASH GS
49/PT4 0oCDD 0 ng/g INCIN. ASH GS
49/PT4 TCDF 0 ng/g INCIN. ASE GS
49/PT4 PSCDF 0 ng/g INCIN. ASH GS
49/PT4 H6CDF 0 ng/g INCIN. ASH Gs
49/PTé H7CDF 0 ng/g INCIN. ASH GS
49/PT4 OCDF 0 ng/g INCIN. ASH GS
49/PT2 TCDD 25 ng/g BOILER  ASH GS
49/PT2 P5CDD 11 ng/g BOILER ASH GS
49/PT2 H6CDD 8 ngl/g . BOILER ASH GS
49/PT2 H7CDD 6 nglg BOILER ASH GS
49/PT2 0CDD 15 ng/g BOILER ~ ASH GS
49/PT2 TCDF : 4 nglg BOILER ASH GS
49/PT2 P5CDF 4 nglg BOILER ASH GS.
49/PT2 H6CDF 5 ng/g BOILER ASH GS

-49/PT2 H7CDF 4 nglg BOILER ASH GS
49/PT2 OCDF - 1 ng/g BOILER . ASH -GS
49/PT3 TCDD " 32 ng/g BOILER ASH GS
49/PT3  P5CDD 13 ng/g BOILER ASH , GS
49/PT3 H6CDD 11 nglg BOILER ASH GS
49/PT3 E7CDD 6 ng/g BOILER ASH GS :
49/PT3 0CDD 10 ng/g BOILER ASH GS :
49/PT3 TCDF 3 ng/g BOILER ASH GS
49/PT3 P5CDF 4 nglg BOILER ASH GS
49/PT3 H6CDF 3 ng/g BOILER ASH GS
49/PT3 H7CDF 3 ngl/sg BOILER ASH GS
49/PT3 OCDF 1 ng/g - BOILER . ASH GS
49/PT4 TCDD 57 ngl/g BOILER ASH GS
49/PT4 P5CDD 16 ng/g BOILER ASH GS
49/PT4 H6CDD 11 ng/g BOILER ASH GS
49/PT4 H7CDD 5 nglg BOILER ASH GS
49/PT4 0oCDD 8 ng/g " BOILER ASH GS
49/PT4 TCDF 2 ngl/g BOILER ASH GS
49/PT4 P5CDF 2 nglg BOILER ASH GS
49/PT4 H6CDF 2 ngl/g - BOILER ASH GS
49/PT4 B7CDF 2 nglg BOILER ASH GS
49/PT4 OCDF 1 ng/g BOILER ASH GS
49/PT2 TCDD 0 ng/g ECONOM. ASH GS
49/PT2 P5CDD 1 ng/g ECONOM. ASH GS
49/PT2 H6CDD 4 nglg ECONOM. ASH GS
49/PT2 H7CDD 7 nglg ECONOM. ASH GS
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MUNICIPAL SOLID WASTE

REF # ISOMER ISOMER CONC. PROCESSES SAMPLE ‘METHOD

49/PT2
49/PT2
49/PT2
49/pPT2
49/PT2
49/PT2

ng/g ECONOM. ASH GS
ng/g ECONOM, ASH GS
ng/g ECONOM. ASH ‘ GS
ng/g ECONOM. ASH GS
ng/g ECONOM. ASH GS
ng/g ECONOM. ASH GS

W N

49/PT3
49/PT3
49/PT3
49/PT3
49/PT3
49/PT3
49/PT3
49/PT3
49/PT3
49/PT3

ngl/g ECONOM. ASH GS
ngl/g ECONOM. ASH GS
ng/g ECONOM. ASH GS
ng/g ECONOM. ASH GS
ngl/g ECONOM. ASH GS
ng/g ECONOM, ASH GS
ng/g -ECONOM . ASH GS
ng/g ECONOM. ASH GS
ngl/g ECONOM, ASH GS
ng/g ECONOM. ASEH GS

ot s s
W WS~ P

agl/g ECONOM. ASH GS
ng/g ECONOM. ASH GS
ngl/g ECONOM. AsH GS
ngl/g ECONOM. ASH GS
ngl/g ECONOM. ASH GS
ngl/g ECONOM. ASH GS
ng/g ECONOM. ASH GS
ng/g ECONOM. ASH GS
ng/g ECONOM. ASH GS
ng/g ECONOM. ASH GS

49/PT4
"49/PT4
49/PT4
49/PT4
49/PT4
49/PT4
49/PT4
49/PT4
49/PT4
49/PT4

»

—SFORUONHENHO OHHW

49/PTS ng/m3 STACK FG MMST
49/PT5 ng/m3 STACK FG MM5T
49/PTS ng/m3 STACK FG MM5T
49/PT5 ng/m3 - STACK FG MMS5T
49/PT5 ng/m3 STACK FG MMST
49/PT5 ng/m3 STACK FG MMST
49/PTS ng/m3 STACK FG MM5T
49/PT5 ng/m3 STACK FG MMST
49/PT5 : ng/m3 STACK FG MM5T
49/PT5 ng/m3 STACK FG MMST

49/PT6 . ng/m3 STACK FG MMST
49/PT6 - ng/m3 STACK FG MMST
49/PT6 ng/m3 STACK FG MMST
49/PT6 ng/m3 STACK FG MMS5T
49/PT6 ng/m3 STACK FG MMS5T
49/PT6 ng/m3 STACK FG MMST
49/PT6 ng/m3 STACK FG MMST
49/PT6 ng/m3 STACK "FG MM5T




ICIPAL SOLID WASTE

REF # ISOMER ISOMER CONC. PROCESSES SAMPLE METHOD
49/PT6 H7CDF 24 ng/m3 ‘ STACK FG MMS5T
49/PT6 OCDF 4 ng/m3 STACK FG MM5T
49/PT7 TCDD 3 ng/m3 STACK FG MMS5T
49/PT7 P5CDD 11 ng/m3 STACK FG MM5T
49/PT7 H6CDD © 22 ng/m3 STACK FG MMST
49/PT7 H7CDD 43 ng/m3 STACK FG MM5T
49/PT7 0CDD 51 ng/m3 STACK FG MMST
49/PT7 TCDF 20 ng/m3 STACK FG MMST
49/PT7 P5CDF - 39 ng/m3 STACK FG MM5T
49/PT7 H6CDF 57 ng/m3 STACK FG MM5T
49/PT7 H7CDF 58 ng/m3 STACK FG MMST
49/PT7 OCDF 9 ng/m3 STACK FG - MMST
49/PT5 TCDD 0 ng/m3 BOILER FG MMST
49 /PTS5S P5CDD 0 ng/m3 BOILER FG MMST
49/PTS H6CDD 0 ng/m3 BOILER FG MM5T
49/PT5 H7CDD 0 ng/m3 BOILER FG MM5T
49/PTS 0CDD 0 ng/m3 BOILER FG MM5T
49/PTS5 TCDF 0 ng/m3 BOILER . FG MMS5T
49/PTS5 P5CDF 0 ng/m3 BOILER FG MMST
49/PTS5S H6CDF - -0 ng/m3 BOILER FG MMST
49/PTS H7CDF 0 ng/m3 BOILER FG MMS5T
49/PT5 OCDF 17 ng/m3 BOILER FG MMST
49/PT6 TCDD 0 ng/m3 BOILER FG MMST
49/PT6 P5CDD 0 ng/m3 BOILER FG MM5T
49/PT6 H6CDD -0 ng/m3 BOILER FG MM5T
49/PT6 H7CDD 0 ng/m3 BOILER FG MMS5T
49/PT6 0CDD 0 ng/m3 BOILER FG MMS5T
49/PT6 TCDF 0 ng/m3 BOILER FG MM5T
49/PT6 P5CDF 0 ng/m3 BOILER FG MM5T
49/PT6 H6CDF 0 ng/m3 " BOILER FG MM5T
49/PT6 'H7CDF 0 ng/m3 BOILER FG MM5T
49/PT6 OCDF 14 ng/m3 'BOILER FG MMST
49/PT7 TCDD 0 ng/m3 BOILER FG MMST
49/PT7 P5CDD 0 ng/m3 BOILER FG MM5T
49/PT7 H6CDD 0 ng/m3 BOILER FG MMST
49/P17 H7CDD 0 ng/m3 BOILER FG MM5T
49 /PT7 0CDD 0 ng/m3 BOILER FG MMST
49/PT7 TCDF 0 ng/m3 BOILER FG MMS5T
49/PT7 PSCDF 0 ng/m3 BOILER FG. MM5T
49/PT7 H6CDF. 0 ng/m3 BOILER FG MMS5T
49/PT7 H7CDF 0 ng/m3 BOILER FG MMST
49/PT7 OCDF 13 ng/m3 BOILER FG MMST
49/PT5 TCDD 0 ngl/lg = ==---= GARBAGE GS
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MUNICIPAL SOLID WASTE

REP # ISOMER ISOMER CONC. PROCESSES SAMPLE METHOD
MRS T IS AN I E I R S S S e S S S S E S E S NN I NSNS SR E SN SN NN
49/PTS . P5CDD .0 nglg = ===-- GARBAGE GS
49/PTS H6CDD 0 ng/lg = <===-- GARBAGE GS
49/PTS H7CDD 0 ng/lg = ====- GARBAGE GS
49/PT5 0CDD 3.6 ng/lg = @ mm——-—- GARBAGE GS
49/PTS TCDF 0 ng/lg =  mme—- GARBAGE GS
49/PTS PS5CDF 0 ng/lg = ===-- GARBAGE GS
49/PTS H6CDF 0 ng/lg  m=—-- GARBAGE GS
49/PTS5 H7CDF 0 ng/lg =  ===-- GARBAGE GSs
49/PT5 OCDF 0 ngl/lg m=———-— GARBAGE GS
49/PT6 TCDD 0 ng/g ————— GARBAGE GS
49/PT6 P5CDD 0 ng/lg =  —==-- GARBAGE GS
49/PT6 H6CDD 0 ng/lg  ——--- GARBAGE GS
49/PT6 H7CDD 1.4 ng/lg =  ====- GARBAGE GS
49/PT6 0CDD 5.1 nglg = ====- GARBAGE GS
49/PT6 TCDF 0 ng/g = @ ===-- GARBAGE GS
49/PT6 P SCDF 0 nglg =  m—--- GARBAGE GS
49/PT6 H6CDF 0 ng/lg @ —==-- GARBAGE GS
49/PT6 H7CDF 0 ngl/lg =  w==—-- GARBAGE GS
49/PT6 OCDF 0 ng/lg =  <==——- GARBAGE GS -
. 49/PT7 . TCDD 0 nglg ™  ===-- GARBAGE GS
49/PT7 PS5CDD 0 ng/lg  <—e=——- GARBAGE ' GS
49/PT7 .H6CDD " 0 ng/lg ===-= GARBAGE GS
49 /P17 H7CDD 0 ng/lg = @ m==—- GARBAGE GS
49/PT7 0CDD 1.3 nglg =  m=——- GARBAGE GS
49/P17 TCDF 0 ng/lg  ==——- GARBAGE GS
49 /P17 . PSCDF 0 ng/lg = ==--- GARBAGE GS
49/PT7 H6CDF - 0 ng/lg = ~—=-—-- GARBAGE GS
49/PT7 H7CDF 0 ng/lg =  ===—- GARBAGE GS
49/PT7 OCDF 0 ng/g = ===-=- GARBAGE GS
49/PTS TCDD 0 ng/g INCIN. ASH GS
49/PT5S P5CDD 0 ng/g INCIN. ASH GS
49/PT5 H6CDD 0 ng/g INCIN. ASH GS
49/PT5 H7CDD 0 ng/g INCIN. ASH GS
49/PT5S 0CDD 0 ngl/g INCIN. ASH GS
49/PT5 TCDF 0 ng/g INCIN. ASH GS
49/PT5 PSCDF 0 ng/g ) INCIN. ASH GS
49/PTS5 H6CDF 0 ng/g INCIN. ASH GS
49/PT5 H7CDF 0 ngl/g INCIN. ASH GS
49/PT5 OCDF 0 ng/g INCIN. ASH GS
49/PT6 TCDD 0 ngl/g INCIN. ASH GS
49/PT6 P5CDD 0 ng/g INCIN. ASH GS
49/PT6 H6CDD 0 ngl/g INCIN. ASH GS
49/PT6 H7CDD 0 ng/g INCIN. ASH GS

0

49/PT6 oCDD ngl/g INCIN. ASH GS
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ICIPAL SOLID WASTE

REF # ISOMER ISOMER CONC. PROCESSES SAMPLE METHOD
-----.B------------.-.--..l- ----‘.---.".gﬂﬂ?---.--I--.-..-I------..'
49/PT6 TCDF 0 ng/g INCIN, ASH GS
49/PT6 PS5SCDF 0 ng/g "INCIN. ASH GS
49/PT6 H6CDF 0 ng/g INCIN. ASH GS
49/PT6 H7CDF 0 ngl/g INCIN, ASH GS
49/PT6 OCDF 0 ngl/sg INCIN, ASH GS
49 /PT7 TCDD 0 ngl/g INCIN. ASH GS
49/PT7 P5CDD 0 ng/g INCIN. ASH GS
49/PT7 H6CDD 0 ng/g INCIN. ASH GS
49/PT7 H7CDD 0 ngl/g INCIN. ASH GS
49/PT7 0oCcDD 0 ng/sg - INCIN. ASH GS
49/PT7 TCDF 0 ng/g INCIN, ASH GS
49/PT7 PSCDF 0 ng/g INCIN. ASH GS
49/PT7 H6CDF 0 ngl/g INCIN, ASH GS
49/PT7 H7CDF 0 ngl/g INCIN. ASH GS
49/PT7 OCDF 0 ng/g INCIN, ASH GS
49/PT5 TCDD 56 ngl/sg BOILER ASH GS
49/PTS P5CDD 22 nglg BOILER ASH GS
- 49/PT5 H6CDD 17 ng/g BOILER ASH GS
49/PTS H7CDD 11 ng/g BOILER ASH GS
49/PT5 0CDD 51 ngl/g BOILER ASH GS
49/PT5 TCDF -- .-2 nglg ) BOILER ASH GS
49/PTS5 PSCDF 4 ngl/g BOILER ASH GS
49/PT5 H6CDF 5 ngl/g BOILER ASH GS
49/PT5 H7CDF 9 ng/g BOILER ASH GS
49/PTS OCDF 3 ngl/g BOILER ASH GS
49/PT6 TCDD 150 ng/g BOILER ASH GS
49/PT6 P5CDD , 48 nglg BOILER ASH GS
49/PT6 H6CDD 33 ng/sg BOILER ASH GS
49/PT6 H7CDD 11 ng/g BOILER " ASH GS
49/PT6 0CDD 38 ngl/g BOILER ASH GS
49/PT6 TCDF 3 ngl/g" BOILER ASH GS
49/PT6 PSCDF 4 nglg BOILER ASH GS
49/PT6 H6CDF 5 ngl/g BOILER ASH GS
49/PT6 H7CDF 9 ngl/g BOILER ASH GS
49/PT6 OCDF 3 ngl/g BOILER ASH GS
49/PT7 TCDD 5 ngl/sg BOILER ASH GS
49/PT7 P5CDD ’ 4 nglg BOILER ASH GS
49/PT7 H6CDD 2 ngl/g BOILER ASH GS
49 /P17 H7CDD 2 nglg BOILER ASH GS -
49/PT7 0CDD 6 ngl/sg BOILER ASH GS
49/PT7 TCDF 1 ng/sg BOILER ASH GS
49/PT7 PSCDF 1 ngl/g ~ BOILER ASH GS
49/PT7 H6CDF 1 ng/sg ) BOILER ASH -GS
2 nglsg BOILER ASH GS

49/PT7 H7CDF
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MUNICIPAL SOLID WASTE

REF #

49/PT7

49 /PT5
49/PT5
49/PT5
49/PT5
49/PT5
49/PT5
49/PT5
49 /PTS5
49/PT5
49/PT5

49/PT6
49/PT6
49/PT6
49/PT6
49/PT6
49/PT6

49/PT6-

49/PT6
49/PT6
49/PT6

49/PT7
49/PT7
49/PT7
49/PT7

49/PT7

49/PT7
49/PT7
49/PT7
49/PT7
49/2T7

49/PT8
49/PT8
49/PT8
49/PT8
49/PT8
49/PT8
49/PT8
49/PT8
49/PT8

ISOMER

OCDF

TCDD
P5CDD
H6CDD
H7CDD
0CDD
TCDF
P5CDF
H6CDF
H7CDF
OCDF

TCDD
P5CDD
H6CDD
H7CDD
0CDD
TCDF
P5CDF
H6CDF
H7CDF
OCDF

&
13

TCDD
P5CDD
H6CDD
H7CDD
0CDD
TCDF
P5CDF
H6CDF
H7CDF
OCDF

TCDD
P5CDD
H6CDD
H7CDD
oCDD
TCDF
P5CDF
H6CDF
H7CDF

ISOMER CONC.

1 ng/g

2 ng/g
4 ngl/g
13 ng/g
20 ng/g
ng/g
ng/g
ng/g
ng/g
ng/g
ng/g

'S
w

WOoOoON

ng/g
ng/g
ngl/g
ng/g
ng/g
ng/g
ng/g
ng/g
ng/g
ng/g

»

[y
=AW MNEHUIOOWNN -

4 nglg
15 ng/g
43 nglg
78 ng/g

140 ng/g

6 ngl/g
14 ngl/g
19 ng/sg
22 nglg

7 nglg

1 ng/nm3
6 ng/nm3
9 ng/nm3
16 ng/nm3
26 ng/nm3
8 ng/nm3
14 ng/nm3
18 ng/am3
17 ng/nm3
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PROCESSES

BOILER

ECONOM.
ECONOM.
ECONOM.
ECONOM.
ECONOM.
ECONOM.
ECONOM.
ECONOM.
ECONOM.
ECONOM.

ECONOM.
ECONOM.
ECONOM.
ECONOM.
ECONOM.
ECONOM.,
ECONOM.
ECONOM.
ECONOM.
ECONOM.

ECONOM.
ECONOM.
ECONOM.
ECONOM.
ECONOM.
ECONOM.
ECONOM.
ECONOM.
ECONOM.
ECONOM.

STACK
STACK
STACK
STACK
STACK
STACK
STACK
STACK
STACK

SAMPLE

ASH

ASH
ASH
ASH
ASH
ASH
ASH
ASH
ASH
ASH
ASH

ASH
ASH
ASH
ASH
ASH
ASH
ASH
ASH
ASH
ASH

ASH
ASH
ASH
ASH
ASH
ASH
ASH
ASH
ASH
ASH

FG
- FG
FG
FG
FG
FG
FG
FG
FG

METEHOD

GS

GS
GS
GS
Gs
GS
GS
GS
GS
GS
GS

GS
Gs
Gs
GS
GS
GS
GS
GS
GS
GS

GS
GS
GS
GS
GS
GS
GS
GS
GS
GS

MMST
MM5T
MMS5T
MM5T
MMST
MMS5T
MMS5T
MMS5T
MMS5T




NICIPAL SOLID WASTE

REF # ISOMER ISOMER CONC. PROCESSES SAMPLE = METHOD
---.--...-.-.-I---..-'-----I----'----.....'-----.---"I..-.I-‘........
49/PT8 OCDF 3 ng/nm3 STACK FG MMST
49/PT9 TCDD 2 ng/am3 STACK FG MMS5T
49/PT9 P5CDD 9 ng/nm3 STACK FG MM5T
49/PT9 H6CDD 12 ng/nm3 STACK FG MMS5T
49/PT9 H7CDD 23 ng/nm3 STACK FG MMS5T
49/PT9 oCDD 25 ng/um3 STACK FG MM5T
49/PT9 TCDF 18 ng/am3 STACK FG MM5T
49/PT9 P5CDF 34 ng/nom3 STACK FG MM5T
49/PT9 H6CDF 45 ng/nm3 STACK FG MMST
49/PT9 H7CDF " 34 ng/nm3 STACK FG MMST
49/PT9 OCDF 4 ng/nm3 STACK FG . MMST
9/PT10 TCDD 1 ng/nm3 STACK FG MMS5T
9/PT10 P5CDD 5 ng/nm3 STACK - FG MMS5T
9/PT10 H6CDD 10 ng/nm3 STACK FG MM5T
9/PT10 H7CDD 17 ng/nm3 STACK - FG MM5T
9/PT10 0CDD 26 ng/am3 STACK FG MMST 3
9/PT10 TCDF 10 ng/nm3 . STACK FG MM5T
9/PT10 P5CDF 21 ng/nom3 STACK FG MMST
9/PT10 H6CDF 32 ng/nm3 STACK ‘ FG MMS5T
9/PT10 H7CDF 25 ng/nm3 STACK FG MM5T
9/PT10 OCDF " 3 ng/nm3 STACK FG MMS5T
49/PT8 TCDD 0 ng/nm3 BOILER FG MM5T
49/PT8 PS5CDD 0 ng/nm3 BOILER FG MMST
49/PTS8 . H6CDD 0 ng/nm3 BOILER 'FG MMST
49/PT8 H7CDD 0 ng/am3 BOILER FG MMST
49/PTS8 oCDD 1 ng/am3 BOILER : FG' MMST
49/PT8 TCDF 0 ng/am3 BOILER FG . MMST
49/PTS8 P5CDF 0 ng/nm3 BOILER FG MMS5T
49/PT8 H6CDF 0 ng/nm3 BOILER FG MMS5T
49/PTS8 H7CDF 0 ng/nm3 BOILER FG MMST
49/PT8 OCDF 10 ng/am3 . BOILER FG MMS5T
49/PT9 TCDD 0 ng/nm3 BOILER FG MMST
49/PT9 P5CDD 0 ng/nm3 BOILER : FG MMST
49/PT9 H6CDD 0 ng/nm3 BOILER FG MMST
49/PT9 H7CDD 0 ng/am3 BOILER' FG MMST
49/PT9 0CDD 0 ng/nm3 BOILER FG MMS5T
49/PT9 TCDF 0 ng/nm3 BOILER FG MMST
49/PT9 P5CDF 0 ng/nm3 BOILER. FG MMS5T
49/PT9 H6CDF 0 ng/nm3 BOILER FG MM5T
49/PT9 H7CDF 0 ng/um3 BOILER FG MMST
49/PT9 OCDF 11 ng/nm3 - BOILER FG MM5T
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MUNICIPAL SOLID WASTE

REF # ISOMER ISOMER CONC. PROCESSES SAMPLE METHOD

49/PT10 TCDD
49/PT10 P5CDD
49/PT10 H6CDD
49/PT10 H7CDD
49/PT10 0CDD
49/PT10 TCDF
49/PT10 P5CDF
49/PT10 H6CDF
49/PT10 H7CDF
49/PT10 OCDF

ng/nm3 BOILER FG MMS5T
ng/nm3 BOILER FG MMST
ng/am3 BOILER FG MM5T
ng/nm3 BOILER FG MMS5T
ng/nm3 BOILER FG MMST
ng/am3 BOILER FG MMST
ng/nm3 BOILER FG MMST
ng/am3 BOILER FG MM5T
ng/nm3 BOILER ‘ FG MMST
ng/nm3 BOILER FG MM5T

NOOOOWOoOOOoOO

49/PT8 TCDD
49/PT8 P5CDD

ng/um3 GARBAGE GS
ng/nm3 GARBAGE GS
49/PT8 H6CDD ng/nm3 GARBAGE GS
49/PT8 H7CDD ng/nm3 GARBAGE GS
49/PT8 0CDD 0.8 ng/nm3 GARBAGE GS
49/PT8 TCDF ng/nm3 GARBAGE GS
49/PT8 PS5CDF ng/nm3 GARBAGE GS
49/PT8 H6CDF ng/nm3 GARBAGE GS
49/PT8 H7CDF . ng/nm3 GARBAGE GS
49/PT8 OCDF ng/nm3 ‘ : GARBAGE GS

[=N~NoNe]

1)
4

(== NN COO0OO0OO0es OOCOO [=N =N~ N=o)

49/PT9 TCDD
49/PTY9 P5CDD
49/PT9 H6CDD
49/PT9 H7CDD
49/PT9 0oCDD 1
49/PT9 TCDF

49/PT9 P5CDF

49/PT9 H6CDF

49/PT9 H7CDF

49/PT9 OCDF

‘ng/nm3 GARBAGE GS
ng/nm3 GARBAGE GS
ng/nm3 GARBAGE GS
ng/am3 GARBAGE GS

1 ng/nm3 GARBAGE GS
ng/nm3 GARBAGE GS
ng/nm3 GARBAGE GS
ng/nm3 GARBAGE GS
ng/am3 GARBAGE GS
ng/nm3 GARBAGE GS

ng/am3 GARBAGE GS
ng/nm3 GARBAGE GS
ag/nm3 GARBAGE GS
ng/nm3 GARBAGE GS
1 ng/nm3 GARBAGE GS
ng/nm3 GARBAGE GS
ng/nm3 GARBAGE GS
ng/nm3 GARBAGE GS
ng/nm3 GARBAGE GS
ng/nm3 GARBAGE GS

49/PT10 TCDD
49/PT10 PSCDD
49/PT10 H6CDD
49/PT10 H7CDD
49/PT10 0CDD 1
49/PT10 TCDF
49/PT10 P5CDF
49/PT10 H6CDF
49/PT10 H7CDF
49/PT10 OCDF

QOO OO0O.

49/PT8 TCDD : 0 ng/g ASH GS
49/PT8 P5CDD 0 ng/g INCIN. ASH GS




UNICIPAL SOLID WASTE

REF # ISOMER ISOMER CONC. PROCESSES SAMPLE METHOD
-.---'----------s----.-a----:----------'.-g-.--.--.---n-..--..-.-....'
49/P18 H6CDD 0 ng/g INCIN. ASH GS
49/PT8 H7CDD 0 ng/g INCIN. ASH GS
49/PT8 0CDD 0 ngl/g INCIN. ASH | GS
49/PT8 TCDF 0 ng/g INCIN.’ ASH 'GS
49/PT8 PSCDF 0 ngl/g INCIN. ASH GS
49/PT8 H6CDF 0 ngl/g INCIN. ASH GS
49/PT8 H7CDF 0 ngl/g INCIN. ASH GS
49/PT8 OCDF 0 ng/g INCIN. ASH GS
49/PT9 TCDD 0 ngl/g INCIN. ASH GS
49/PT9 P5CDD 0 ngl/g INCIN. ASH GS
49/PT9 H6CDD 0 ngl/g INCIN. ASH GS
49/PT9 H7CDD 0 ng/g INCIN. ASH GS
49/PT9 0CDD 0 ng/g INCIN. ASH GS
49/PT9 TCDF 0 ngl/g INCIN. ASH GS
49/PT9 PSCDF 0 ngl/g . INCIN. ASH GS
49/PT9 .. H6CDF 0 ngl/g INCIN. ASH . GS
49/PT9 H7CDF 0 ng/g INCIN. ASH -~ GS
49/PT9 OCDF 0 ngl/g INCIN. ASH . Gs
49/PT10 TCDD 0 ngl/g INCIN. ASH GS
49/PT10 P5CDD 0 nglg INCIN. ASH GS
49/PT10 H6CDD " 0 nglg , INCIN. ASH GS
49/PT10 H7CDD -0 nglg INCIN. ASH GS
49/PT10 0CDD 0 ng/g - INCIN. ASH GS
49/PT10 TCDF 0 ngl/g INCIN. ASH GS
49/PT10 PS5CDF 0 ng/g : INCIN. ASH GS
49/PT10 H6CDF 0 ngl/g INCIN. ASH GS
49/PT10 H7CDF 0 ngl/g INCIN. ASH GS
49/PT10 OCDF 0 ngl/g INCIN. ASH GS
49/PT8 TCDD- 60 ngl/g BOILER ASH GS
49/PT8 P5CDD 14 ngl/g BOILER ASH GS
49/PT8 H6CDD 9 ngl/g BOILER ASH . GS
49/PT8 H7CDD 5 ng/g BOILER ASH GS
49/PT8 0CDD 10 ng/g BOILER ASH GS
49/PT8 TCDF 1 ngl/g BOILER ASH GS
49/PT8 P5CDF 2 nglg BOILER ASH GS
49/PT8 H6CDF- 2 ngl/g BOILER ASH GS
49/PT8 H7CDF 3 nglg BOILER ASH GS
49/PT8 OCDF 1 ng/g BOILER ASH GS
49/PT9 TCDD 21 ngl/g BOILER ASH GS
49/PT9 P5CDD 13 ngl/g "BOILER ASH GS
49/PT9 H6CDD 9 nglg BOILER ASH GS
49/PT9 H7CDD 3 ngl/sg BOILER ASH GS
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MUNICIPAL SOLID WASTE

REF #

49/PT10
49/PT10
49/PT10
49/PT10

49/PT11
49/PT11
49/PT11
"49/PT11
49/PT11
49/PT11
49/PT11
49/PT11
49/PT11
49/PT11

49/PT12
49/PT12
49/PT12
49/PT12
49/PT12
49/PT12
49/PT12
49/PT12
49/PT12
49/pT12

49/PT13
49/PT13
49/PT13
49/PT13
49/PT13
49/PT13
49/PT13
49/PT13
49/PT13
49/pT13

49/PT11
49/PT11
49/PT11
49/PT11
49/PT11
49/PT11
49/PT11
49/PT11

ISOMER

P5CDF
H6CDF
H7CDF
OCDF

TCDD
P5CDD
H6CDD
H7CDD
0CDD
TCDF
P5CDF
H6CDF
H7CDF
OCDF

TCDD
P5CDD
H6CDD
H7CDD
0CDD
TCDF
P5CDF

H6CDF -

H7CDF
OCDF

TCDD
P5CDD
H6CDD
H7CDD
0CDD
TCDF
P5CDF
H6CDF
H7CDF
OCDF

- TCDD
P5CDD
H6CDD
H7CDD
0CDD
TCDF
P5CDF
H6CDF

ISOMER CONC.

ng/g
ng/g
ng/g

4 ngl/g

OCOOO0OO0OO0O0O

ng/nm3
ng/om3
ng/nm3
ng/nm3
ng/nm3
ng/nm3
ng/nn3
ng/nm3
ng/am3
ng/nom3

ng/om3

‘ng/nm3

ng/am3
ng/am3
ng/am3
ng/nm3
ng/am3
ng/nm3
ng/nm3
ng/nm3

ng/nm3
ng/nm3
ng/nm3
ng/am3
ng/nm3
ng/am3
ng/nm3
ng/nm3
ng/nm3
ng/am3

ng/nm3
ng/am3
ng/nm3
ng/nm3
ng/nm3
ng/nm3
ng/nm3
ng/nm3
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ECONOM,
ECONOM,
ECONOM.
ECONOM,

STACK
STACK
STACK
STACK
STACK
STACK
STACK
STACK
STACK
STACK

STACK
STACK
STACK
STACK
STACK
STACK
STACK
STACK
STACK
STACK

STACK
STACK
STACK
STACK
STACK
STACK
STACK
STACK
STACK
STACK

BOILER
BOILER
BOILER
BOILER
BOILER
BOILER
BOILER
BOILER

SAMPLE

ASH
ASH
ASH
ASH

FG
FG
FG
FG
FG
FG
FG
FG
FG
FG

FG
FG
-FG
FG
FG
FG
FG
FG
FG
FG

FG
FG
FG
FG
FG
FG
FG
FG
FG
FG

FG
FG
FG
FG
FG
FG
FG
FG

METHOD

GS
GS
GS
GS

MM5T
MMS5T
MMS5T
MMS5T
MM5T
MMS5T
MMST
MMS5T
MMST
MMS5T

MMS5T
MMST
MM5T
MM5T
MMS5T
MM5T
MMS5T
MMS5T
MMST
MMS5T

MM5T
MMS5T
MMS5T
MMS5T
MMS5T
MMS5T
MMST
MMS5T
MM5T
MM5ST

MM5T
MMST
MMST
MMST
MMS5T
MMST
MMST
MM5T




ICIPAL SOLID WASTE

ISOMER CONC.

REF # ISOMER PROCESSES SAMPLE METHOD
-.---.ﬂ--...------..---..-....--...-..-.-‘,-.-.---------'.---'---..'.-
9/PT11 H7CDF 0 ng/nm3 BOILER FG . MMST
9/PT11 OCDF 7 ng/am3 BOILER FG MMST
9/PT12 TCDD 0 ng/nm3 BOILER FG MM5T
9/PT12 P5CDD 0 ng/am3 BOILER FG MM5T
9/PT12 H6CDD 0 ng/am3 BOILER FG MM5T
9/PT12 H7CDD 0 ng/nm3 BOILER FG MM5T
9/PT12 0CDD 1 ng/nom3 BOILER FG MMST
9/PT12 TCDF 0 ng/um3 BOILER FG MM5T
9/PT12 - PSCDF 0 ng/nm3 BOILER FG MMST
9/PT12 H6CDF 0 ng/am3 BOILER FG © MM5T
9/PT12 H7CDF 0 ng/nm3 BOILER FG MMST
9/PT12. OCDF 8 ng/nm3 BOILER FG MMST
9/PT13 TCDD 6 ng/nm3 BOILER FG MM5T
9/PT13 P5CDD 2 ng/nm3 BOILER FG MMST
9/PT13 H6CDD 5 ng/nm3 BOILER FG MMST
9/PT13 _H7CDD 11 ag/nm3 BOILER FG MM5T
9/PT13 0CDD 15 ng/nm3" BOILER FG MMST
9/PT13 TCDF 0 ng/nm3 BOILER FG MMST
9/PT13 P5CDF 11 ng/um3 BOILER FG MMST
9/PT13 H6CDF 4 ng/om3 BOILER FG MMST
9/PT13 H7CDF “15 'ng/nm3 BOILER FG MM5T
9/PT13 OCDF 13 ng/nm3 BOILER FG MM5T
9/PT11 TCDD 0 nglg = ==—-- GARBAGE GS
9/PT11 P5CDD 0 ng/g =  <===== GARBAGE GS
9/PT11 B6CDD 0 ng/lg = ====- GARBAGE GS
9/PT11 H7CDD 0 ng/g = <===-- GARBAGE GS
9/PT11 ~0CDD 0.6 ngl/lg —===- GARBAGE GS
9/PT11 TCDF 0 ngl/lg =  ~====- GARBAGE GS
9/PT11 PS5SCDF 0 ng/lg = ====- GARBAGE GS
9/PT11 H6CDF 0 ng/lg = = ====-= GARBAGE GS
49/PT11 H7CDF 0 ng/g = @  ~===- GARBAGE GS
9/PT11 OCDF 0 ng/lg = =~==- GARBAGE GS
9/PT12 TCDD 3.6 nglg =  ===-- GARBAGE GS
49/PT12 P5CDD 12.5 ng/lg ===-- GARBAGE GS
49 /PT12 H6CDD 7.4 nglg =  =—=——- GARBAGE GS
49 /PT12 H7CDD 3.7 ng/lg = ==--- GARBAGE GS
49/PT12 0CDD 0.7 ngl/g ————— GARBAGE GS
49/PT12 TCDF 0 ng/sg ————— GARBAGE GS
49/PT12 PS5CDF 0 ng/lg = = ===== GARBAGE GS
49/PT12 H6CDF 0 ngl/g T eme—— GARBAGE GS
49/PT12 H7CDF 0 ng/lg = ===——- GARBAGE GS
49/PT12 OCDF 0 nglg ===-- GARBAGE GS
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MUNICIPAL SOLID WASTE

REP # ISOMER ISOMER CONC. PROCESSES  SAMPLE METHOD

ng/g BOILER ASH GS
ng/g BOILER ASH GS
ng/g BOILER ASH GS
ng/g BOILER ASH GS
ngl/g BOILER ASH GS
ng/g BOILER ASH GS

49/PT9 0CDD
49/PTH9 TCDF
49/PT9 P5CDF
49/PT9 H6CDF
49/PT9 H7CDF
49/PT9 OCDF

49/PT10 TCDD
49/PT10 P5CDD.
49/PT10 H6CDD
49/PT10 H7CDD
49/PT10 0CDD
49/PT10 TCDF
49/PT10 PSCDF
49/PT10 H6CDF
49/PT10 H7CDF
49/PT10 OCDF

ng/g BOILER ASH GS
ng/g BOILER ASH GS
ng/g BOILER ASH GS
ng/g BOILER ASH GS
ngl/g BOILER" ASH GS
ng/g BOILER ASH GS
ng/g BOILER ASH GS
ngl/g BOILER ASH GS
ng/g BOILER ASH GS
ng/g BOILER ASH GS

=N b st OV DWW S Q = N = B

49/PT8 TCDD ng/g ECONOM. ASH GS
49/PT8 P5CDD ngl/g ECONOM. ASH GS
'49/PT8 H6CDD ‘ ng/g ECONOM. ASH GS
49/PT8 H7CDD ng/g ECONOM. ASH GS
49/PT8 0CDD ngl/g ECONOM. ASEH GS
49/PT8 TCDF ngl/g ECONOM. ASH GS
49/PT8 P5CDF ngl/g ECONOM. ASH GS
49/pT8 - H6CDF ng/g ECONOM, ASH GS
49/PT8 H7CDF ng/g ECONOM. ASH GS
49/PT8 OCDF ng/g ECONOM. ASH GS

49/PT9 TCDD ng/g ECONOM. ASH GS
49/PT9 P5CDD ngl/g ECONOM. ASH GS
49/PT9 H6CDD ngl/g ECONOM. ASH GS
49/PT9 H7CDD ng/g ECONOM. ASH GS
49/PT9 0CDD ng/g ECONOM. ASH GS
49/PT9 TCDF ngl/g ECONOM, ASH GS
49/PT9 P5CDF ng/g ECONOM, ASH GS
49/PT9 H6CDF ngl/g ECONOM, ASH GS
49/PT9 H7CDF ngl/g ECONOM. ASH GS
49/PT9 OCDF ng/g ECONOM. ASH GS

49/PT10 TCDD ngl/g ECONOM., ASH GS
49/PT10 P5CDD ngl/g ECONOM, ASH GS
49/PT10 H6CDD ngl/g ECONOM. ASH GS
49/PT10 H7CDD ng/g ECONOM. ASH GS
49/PT10 0CDD ng/g ECONOM. ASH GS
49/PT10 TCDF ngl/g ECONOM. ASH GS




NICIPAL SOLID WASTE

REF # ISOMER ISOMER CONC. PROCESSES SAMPLE METHOD

-.---.8.................---8--.-----.-..--..-.‘..---..-'---..------....
49/PT13 TCDD 0 ng/g ====- GARBAGE GS
49/PT13 P5CDD 0 ng/g ———— GARBAGE GS
49/PT13 H6CDD 0 ng/g ————— GARBAGE GS
49/PT13 H7CDD 0 ng/lg  ==--- GARBAGE GS
49/PT13 oCcDD 1.5 ngl/lg ====- GARBAGE GS
49/PT13 TCDF 0 ng/lg ===-- GARBAGE GS
49/PT13 P5CDF 0 ng/g =  m=———— GARBAGE GS
49/PT13 E6CDF 0 ng/lg ===== GARBAGE GS
49/PT13 H7CDF 0 ng/lg =  ==—-- GARBAGE GS
49/PT13 OCDF 0 ng/lg = = ===-- GARBAGE GS
49/PT11 TCDD 0 ng/g INCIN. ASH GS
49/PT11 P5CDD 0 ngl/g INCIN, ASH GS
49/PT11 H6CDD 0 ng/g INCIN. ASH GS
49/PT11 H7CDD 0 ng/g INCIN. ASH " GS
49/PT11 0oCcDD 0 ng/g INCIN. ASH GS
49/PT11 TCDF 0 ng/g " INCIN. ASH GS
49/PT11 P5CDF 0 ng/g INCIN. ASH GS
49/PT11 H6CDF 0 ngl/g . INCIN. ASH GS

..49/PT11 H7CDF 0 ng/g INCIN. ASH GS
49/PT11 " OCDF 0 ngl/g INCIN. ASH GS
49/PT12 TCDD -+ ++ 0 nglg INCIN. ASH GS
49/PT12 P5CDD 0 ng/g INCIN. ASH GS
49/PT12 H6CDD 0 ngl/g - INCIN. ASH GS
49/PT12 H7CDD 0 ngl/g INCIN. ASH GS .
49/PT12 0CDD 0 ng/g INCIN. ASH GS
49/PT12 TCDF 0 ngl/g INCIN. " ASH GS
49/PT12 P5CDF 0 ngl/g INCIN. ASH GS
49/PT12 B6CDF 0 ngl/g INCIN. ASH GS
49/PT12 H7CDF 0 ngl/g INCIN. ASH GS
49/PT12 - OCDF 0 nglg INCIN. ASH GS
49/PT13 TCDD 0 ngl/g INCIN. ASH GS
49/PT13 P5CDD 0 ngl/g INCIN. ASH GS
49/PT13 H6CDD 0 ng/g INCIN. ASH GS
49/PT13 H7CDD 0 ng/g INCIN. ASH GS
49/PT13 0CDD 0 ng/g INCIN. ASH GS
49/PT13 TCDF 0 ngl/g INCIN. ASH GS
49/PT13 P5CDF 0 ng/g INCIN. ASH GS
49/PT13 H6CDF 0 ng/g INCIN, ASH GS
49/PT13 H7CDF 0 ng/g INCIN. ASH GS
49/PT13 OCDF 0 ng/g INCIN. ASH GS
49/PT11 TCDD 31 ng/g BOILER ASH GS
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MUNICIPAL SOLID WASTE

REP ¢ ISOMER ISOMER CONC. . PROCESSES SAMPLE METHOD
------.-.----..---------II.----.-.'-.----'-.-.---.-.--I.--------‘.-'--'
49/PT11 P5CDD 20 ngl/g BOILER ASH GS
49/PT11 H6CDD 41 nglg BOILER ASH GS
49/PT11 H7CDD 12 ng/g BOILER ASH GS
49/PT11 0CDD 28 ng/g BOILER ASH GS
49/PT11 TCDF 2 nglg BOILER ASH GS
49/PT11 P5CDF 3 ng/g BOILER ASH GS
49/PT11 H6CDF 4 ngl/g BOILER ASH GS
49/PT11 H7CDF 6 ng/g BOILER ASH GS
49/PT11 OCDF 2 nglg BOILER ASH GS
49/PT12 TCDD ** 78 nglg BOILER ASH GS
49/PT12 P5CDD 51 ngl/g BOILER ASH GS
49/PT12 H6CDD 43 ngl/g BOILER ASH GS
49/PT12 H7CDD 11 ng/g BOILER ASH GS
49/PT12 0oCDD 19 ng/g BOILER ASH GS
49/PT12 TCDF 3 ngl/g- BOILER ASH GS
49/PT12 PSCDF 4 nglg BOILER ASH GS
49/PT12 H6CDF . 4 ngl/g BOILER ASH GS
49/PT12 H7CDF 4 nglg BOILER ASH GS
49/PT12 OCDF 2 ngl/g BOILER ASH GS
49/PT13 TCDD 38 ng/g BOILER ASH GS
49/PT13 PSCDD ** 26 ngl/g BOILER ASH GS
49/PT13 H6CDD 21 ngl/g BOILER ASH GS
49/PT13 H7CDD 7 nglg BOILER ASH GS
49/PT13 0CDD 24 nglg BOILER ASH GS
dv/pri3 TCDF 1 ng/g BOILER ASH GS
&G /PTIZ FSCDF 2 nglg BOILER ASH GS
49/PT13 H6CDF 3 ngl/g BOILER ASH GS
49/PT13 H7CDF 5 ngl/g BOILER ASH GS
49/PT13 OCDF 2 ngl/g BOILER ASH GS
49/PT11 TCDD 1 ngl/g . ECONOM. ASH GS
49/PT11 P5CDD 5 ngl/g ECONOM. ASH GS
49/PT11 H6CDD 13 ng/g ECONOM, ASH GS
49/PT11 H7CDD 22 nglg ECONOM. ASH GS
49/PT11 0CDD 50 ngl/g ECONOM. ASH GS
-49/PT11 TCDF 3 ngl/g ECONOM. ASH GS
49/PT11 P5CDF 6 ngl/g ECONOM. ASH GS
49/PT11 H6CDF 8 ngl/g ECONOM, ASH GS
49/PT11 H7CDF 9 ng/g ECONOM. ASH GS
49/PT11 OCDF 3 ngl/g ECONOM. ASH GS
49/PT12 TCDD 1 ng/sg ECONOM. ASH GS
49/PT12 P5CDD 3 ng/sg ECONOM. ASH GS
49/PT12 H6CDD 6 ngl/g ECONOM. ASH GS
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PRICIPAL SOLID WASTE

REF # ISOMER ISOMER CONC. PROCESSES SAMPLE METHOD

---'---...--'--.-.-.-.---.-.-----..----’--!.---.--....---.---.----.‘--
£l 5

49/PT12 H7CDD 11 ng/g ECONOM. ASH GS
49/pPT12 0CDD 67 ngl/g ECONOM. ASH GS
49/PT12 TCDF 1 ng/g ' ECONOM. ASH , GS
49/PT12 PSCDF 4 ngl/g ECONOM. ASH GS
49/PT12 H6CDF . 4 ng/g ECONOM. ASH GS
49/PT12 - H7CDF 14 ng/g ECONOM. ASH GS
49/PT12 OCDF 5 ngl/g ECONOM. ASH GS
49/PT13 TR 7 ngle EGGLCY . ASH GS
49/PT13 P5CDD 3 ngl/g ECONOM. ASH GS
49/PT13 H6CDD . 11 ng/g ECONOM. ASH GS
49/PT13 H7CDD 20 ng/g ECONOM. ASH GS
49/PT13 0CDD 47 ng/g ECONOM. ASH GS
49/PT13 TCDF 2 ngl/g ECONOM. ASH GS
49/PT13 ‘P5CDF 5 ngl/g ECONOM. ASH GS
49/PT13 H6CDF 8 ng/g ECONOM, ASH GS
49/PT13 H7CDF - 10 ng/g ECONOM. ASH GS
49/PT13 OCDF 4 ngl/g ECONOM. , ASH - GS
51 DATA ARE CONFIDENTIAL

TCDD 13.5 ppb ESP PA WEERLY GS

gg P5CDD 23.2 §§b ESP FA WEEKLY GS

69 H6CDD " 25.8 ppb . ESP FA WEEKLY GS

69 H7CDD 14.9 ppb ESP FA WEEKLY GS

69 0CDD 6.3 ppb ESP _ FA WEEKLY GS
70 TCDD 8.6 ppb ESP FA GS
70 P5CDD 15 ppb : ESP FA GS
70 H6CDD 13 ppbd ESP FA GS
70 H7CDD 3.2 ppb ESP Fa 6S
70 0CDD 6.4 ppb TSP Fa 8
7i/dap(#1) TCDD 4.8 nglg .ESP FA GS
71/Ja;(#2) TCDD 8.5 ngl/g ESP FA GS
71/Net TCDD 2.4 nglg ESP FA GS
71/0nt(#1) . TCDD 12 ng/g ESP FA GS
71/0nt (#2) TCDD 9.3 ng/g , ESP . FA GS
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MUNICIPAL SOLID WASTE

REF # ISOMER ISOMER CONC. PROCESSES SAMPLE METHOD

87 /WET TCDD 905 ng/Ncm Stack FG TRAIN
87 /WET P5CDD 1395 ng/Nem Stack . FG TRAIN
87 /WET H6CDD 2598 ng/Nem Stack FG TRAIN
87 /WET H7CDD 1964 ng/Ncm Stack FG TRAIN
87 /WET 0CDD . 498 ng/Ncnm Stack FG TRAIN
*87/Normal TCDD 26 ng/Ncm Stack FG TRAIN
87/Formal P5CDD NA ng/Ncm Stack FG TRAIN
87 /Rormal H6CDD 68.4 ng/Ncm Stack FG TRAIN
87/%ormal H7CDD 62 ng/Ncm Stack FG TEALY
87 /Normal 0CDD 76 ng/Ncm Stack FG TRAIK
87 /Hormal TCDF 309 ng/Ncm Stack FG TRAIN
87/Xormal PSCDF "250.3 ng/Ncm Stack FG TRAIN
87/Normal H6CDF 314.2 ng/Ncm Stack FG TRAIN
87/Normal H7CDF 215.1 ng/Nem Stack FG TRAIN
87/Xormal OCDF 123.8 ng/Ncm Stack FG TRAIN

TCDD PPt Furnace . Asa GS
TCDD PPt Stack FA GS
TCDF PPt Stack FA Gs
TCZT ppt Furnace Ash GS

TCDD ng/dsenm Stack FG MMST
PSCDD ng/dscm Stack FG MM5T
KOG : ng/csem Stack FG MM5T
H7CDD ng/dscm Stack FG MM5T
0oCDD ng/dscm Stack FG MM5T
TCDF ng/dscm Stack FG MMST
P5CDF ng/dscn Stack FG MM5T
H6CDF ng/dscm Stack FG MMS5T
H7CDF ng/dscm Stack FG MMS5T
OCDF ng/dscm Stack FG MMS5T
TCDD ngl/g ESP FA GS
P5CDD el LGP FA GS
H6CDD ng/g ESP FA GS
H7CDD ng/g ESP FA GS
0CDD nglg ESP FA Gs
TCDF ‘ nglg ESP FA GS
P5CDF ngl/g ESP FA GS
EGCLE Thongfs E37 GS
H7CDF ng/g ESP FA GS
OCDF ng/g ESP FA GS

2,3,7,8 ng Stack FG
’Ténﬁ ng Stack FG
H6CDD ng Stack FG
H7CDD ng " Stack FG
0CDD Stack




NICIPAL SOLID WASTE

REF # -

100
100
100
100
100
100
100
100
100
100
100
100
100

101/RDF/1
101/RDF/1
101/RDF/1
101/RDF/1
101/RDF/1
101/RDF/1
101/RDF/1
101/RDF/1

101/RDF/2
101/RDF/2
101/RDF/2
101/RDF/2

101/RDF/2
101/RDF/2
101/RDF/2
101/RDF/2

101/RDF/3
101/RDF/3
101/RDF/3
101/RDF/3
101/RDF/3
101/RDF/3
101/RDF/3
INL/RDF/3

ISOMER

NN N

- v v v e e
TR WWLWWWW
(= B N N R R Y]
Qo ¢ 00 00 00 QO

L I e e e N |

e v v v v w

L]
]
3
3
3
?
c
TCDD
TCDD
TCDF
TCDF

TCDF
TCDF

2378~-TCDD
TCDD
2378-TCDF
TCDF
2378-TCDD
TCDD
2378-TCDF
TCDF

2378-TCDD
TCDD

2378-TCDF
TCDF

2378-TCDD
TCDD

2378-TCDF
TICDF

2378-TCDD
TCDD
2378-TCDF
TCDF
2378-TCDD
TCDD
2378-TCDF
TCDF

ISOMER CONC.

1.05
0.295
9.1
99.5
10.3
5.4
3.15
1.7
29.7

..279.5

11.1
21

2.1
79

62
0.3

vng/m3

ng/m3
ng/m3
ng/m3
ng/m3
ng/m3
ng/m3
ng /m3
ng/m3
ND

ng/m3
ng/m3
ng/m3
ND

ng/dscm
ng/dscm
NA
ng/dscm
ng/dscm

4 ng/dscm

NA

-;17 ng/dscm

12.2 ng/dscﬁ
142 ng/dscm

NA

27 ng/dscm

11.3 ng/dscm

228

1055 ng/dscm

1.9
46

86
1.7
22

128

ng/dscm
NA

ng/dscm
ng/dscm
NA
ng/dscm
ng/dscm
ng/dscm
NA
ng/dscm
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PROCESSES SAMPLE METHOD
Stack . FG MM5T
Stack FG MMS5T
Stack FG MMST
Stack FG . MMS5T
Stack FG MMST
Stack FG MMS5T
Stack FG MM5T
Stack FG MMS5T
Stack FG MMS5T
----- Feed GS
Stack FG MM5T
Stack FG MMS5T
Stack FG . . .. MMST-
- Feed GS
STACK PART, MMS5T:
STACK PART. MM5T
STACK PART. MMS5T
STACK PART. MMST
STACK FG MMST
STACK FG MMST
STACK FG MMST
STACK FG MM5T
STACK PART. MM5T
STACK PART. MMST
STACK PART. MMS5T
STACK PART. MMST
RTACT ‘- iraT
STACK FG MM5T
STACK FG MMST
STACK FG MM5T
STACK PART. MMS5T
STACK PART., MMST

- STACK PART. MMS5T
STACK PART. MMS5T
STACK FG MMS5T
STACK FG MMST
STACK FG MMS5T-
STACK FG MMS5T




MUNICIPAL SOLID WASTE
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REF # ISOMER ISOMER CONC. PROCESSES SAMPLE METHOD
-'--.---...--------.-..----I---.--.-.----..--...-.-.I.-CI-.-------...I.
101/8E/1 2378=-TCDD 42 ng/dscm STACK PART. MMST
101/MB/1 TCDD 167 ng/dscm STACK PART. MMST
101/MB/1 2378-TCDF 27 ng/dscm STACK PART . MMS5T
101/MB/1 TCDF 137 ng/dscm STACK PART. MM5T
101/MB/1 2378-TCDD 20 ng/dscm STACK FG (XAD) MMST
101/MB/1 TCDD 63 ng/dscm STACK FG (XAD) MMS5T
101/MB/1 2378-TCDF 32 ng/dscm STACK FG (XAD) MM5T
101/MB/1 TCDF 172 ng/dsem STACK FG (XAD) MMST
101/MB/2 2378-TCDD 95 ng/dscm STACK PART .+ FG MM5T
101/MB/2 T(LL LT negfdsen STACK PART .+ FG MM5T
101/MB/2 2378~TCDF 112 ng/dscnm STACK PART .+ FG MMST
101/M8/2 TCDF 577 ng/dscm STACK .PART..+ FG ~—~ MMST
101/MB/3 2378-~TCDD 33 ng/dscm STACK PART .+ FG MMST
101/MB/3 TCDD 155 ng/dscm STACK PART .+ FG MMST
101/MB/3 2378-TCDF 48 ng/dscm STACR PART .+ FG MMST
101/MB