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EXECUTIVE SUMMARY

\

The purpose of Tier 4 of the National Dioxin Study is to assess
combustion source emissions of primarily 2,3,7,8-Tetrachlorodibenzo-p-dioxin
(2,3,7,8-TCDD) and, secondarily, other chlorinated dioxin and furan
homologs. Radian Corporation has been contracted by EPA to review and
evaluate dioxin emissions data from the literature and propose a test plan
for the Tier 4 program. This report summarizes the results of the review
and evaluation and presents a proposed test plan.

Radian conducted a Titerature review on dioxin emissions from
combustion processed early in 1984, In addition, contacts were made with
key individuals to identify recently performed or ongoing studies that could
be used to supplement the data base. Based on the available information, a
preliminary 1ist of source categories with the potential to emit dioxins was
developed. The preliminary list was then ranked based on potential to emit
dioxins, number of previous dioxin tests in a source category, and potential
human exposure. Highly ranked source categories will be stack tested early
in the Tier 4 program. The Tier 4 budget will allow for 10 source stack
tests. A relatively inexpensive ash screening procedure will be used to
supplement the stack testing program. The lower ranked source categories
will be screened first using a polychlorinated dibenzo-p-dioxin (PCDD) scan
on ash samples. The screening will help in determining which of the lawer
ranked categories warrant stack tests and will help classify categories that
will not be stack tested. .

Table 1 presents the ranked Tist. Rank A sources will be tested
initially, Ash screening will be conducted on Rank B and C sources, along
with sources requested by State and regional offices. Results of the ash
screening will be used to select other sources for stack testing.




TABLE 1. RANKED SOURCE CATEGORY LIST

Rank A Source Categories

Rank

Rank

Rank

Sewage Sludge Incinerators
Black Liquor Boilers .
Commercial Boilers

B Scurce Categories

PCP Sludge Incinerators

Carbon Regeneration (Industrial)
Charcoal Manufacturing

Wire Reclamation

C Source Categories

Wood Stoves

Wood Boilers (PCP Treated)

Mobile Sources

Small Spreader Stoker Coal Boiler

Hazardous Waste Incinerators

Lime/Cement Kilns Cofired with Hazardous Wastes

D Source Categories

MSW Incineration
Industrial Boilers Cofiring Wastes

Rank

Rank

Rank

Rank

A

Large source categories (greater than 1 million tons of fuel and/or
waste burned annually) with elevated dioxin precursor contamination
of feed/fuel. These categories have the potential to emit TCDD and
require further testing.

Small source categories (less than 1 million tons of fuel and/or
waste burned annually) or source categories with limited dioxin
precursor contamination of feed/fuel. These categories have the
potential to emit TCDD and require further testing.

Source categories less likely to emit TCDD.

Source categories that have already been tested three or more
times.
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1.0 INTRODUCTION

1.1 BACKGROUND

The Air Management Technology Branch within the U. S. Environmental
Protection Agency's (EPA) Office of Air Quality Planning and Standards
(0AQPS) is responsible for the development and implementation of a sgurce
testing program for Tier 4 of the National Dioxin Study. The purpose of
Tier 4 is to assess combustion source emissions of polychlorinated
dibenzo-p-dioxin (PCDD}, with a focus on the most toxic isomer -
2,3,7,8-tetrachlorodibenzo-p-dioxin (2,3,7,8-TCDD). Combustion source
emissions of polychlorinated dibenzofuran {PCDF) will also be addressed in
this study.

Radian Corporation, under task order contract, is providing support to
the Air Management Technology Branch by collecting and reviewing available
literature data on combustion related emissions sources of PCDD's and
PCOF's. Based on information available in the literature and the Tier 4
budget, Radian has also developed a source test plan that will address the
following questions:

1. Which combustion source categories emit PCDD's {and PCDF's) to the
atmosphere?

2. ¥hat range of concentrations of PCDD's (and PCDF's) are emitted
from these source categories?

Dioxins are members of a family of organic compounds known chemically
as dibenzo-p-dioxins. The common aspect of all dioxin compounds is that
they have a three ring nucleus containing two benzene rings interconnected
through 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 1-la. Theoretically, one to eight chlorine atoms can occur
at dioxin substituent positions such that 75 different 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 schedule of potential chlorinated dioxin isomers
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is given in Table 1-1. The abbreviations given in this table for
chlorinated dioxin homologs are used throughout this report.

Furans are a group of organic compounds chemically known 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 Figure 1-1b. Theoretically, the chlorinated furan
group can contain up to 135 different structural isomers, each with varying
physical and chemical properties. The schedule of potential chlorinated
furan isomers is given in Table 1-2. The abbreviations given in this table
for chlorinated furan homologs are used throughout this report.

1.2 APPROACH AND LIMITATIONS TO THIS STUDY

This study was accomplished in three general tasks. The first task was
to obtain and review the available literature on PCDD emissions from
combustion sources. Approximately 119 published and unpublished reports
were obtained. In addition, contacts were made with key individuals to
identify recently performed or ongoing studies that could be used to
supplement the data base. The second task was to develop a ranked list of
source categories with potential to emit PCDD's. The criteria used to
develop the ranked list was based on information obtained from the
literature review. The final task was to develop a testing program to
assess PCDD (and PCDF) emissions from combustion sources. Again, the
results of this task were largely based on the outputs of the first two
tasks.

During the development of the source test plan, it became apparent that
the Tier 4 budget would allow for only 10 stack tests. Obviously, this
number of tests will be inadequate to characterize all the source categories
being considered. The source ranking procedure is an attempt to predict
which categories are most Tikely to emit PCDD's and, therefore, should be
stack tested. However, the ranking procedure is largely subjective, since
no realistic assignment of weighing factors could be made for each of the




TABLE 1-1. SCHEDULE OF THEORETICAL CHLORINATED DIOXIN ISOMERS

Chlorinated Dioxin Compound Number of Isomers
Monochlorodibenzo-p-dioxin (MCDD) 2
Dichlorodibenzo-p-dioxin (DCDD) 10
Trichlorodibenzo-p-dioxin (T3CDD) 14
Tetrachlorodibenzo-p-dioxin (TCDD) 22
Pentachlorodibenzo-p-dioxin (PSCDD) 14
Hexachlorodibenzo-p-dioxin (H6CDD) 10
Heptachlorodibenzo-p-dioxin (H7CDD) 2
Octachlorodibenzo-p-dioxin (OCDD) 1

TOTAL 75




TABLE 1-2. SCHEDULE OF THEORETICAL CHLORINATED FURAN ISOMERS

Chlorinated Furan Compound

Number of Isomers

Monochlorodibenzofuran (MCDF)
Dichlorodibenzofuran (DCDF)
Trichlorodibenzofuran (T3CDF
Tetrachlorodibenzofuran (TCDF)
Pentachlorodibenzofuran (PSCDF)
Hexachlorodibenzofuran (HGCDF)
Heptachlorodibenzofuran (H7CDF)
Octachlorodibenzofuran (OCDF)

TOTAL

16

28

38

28

16

135
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ranking criteria. The development of a ranked list would change depending
on the relative importance given to the ranking criteria. A screening tool
would be beneficial to prevent wasting of Timited resources.

Because of the tight schedule, 1imited budget, and large number of
source categories, a PCDD scan of ash samples was selected as a quick and
inexpensive screening tool. Although the ash screening cannot be used as an
absolute ranking tool, this method can provide a relative indication of
which source categories warrant further study. Source categories identified
by OAQPS along with sources suggested by State and regicnal offices will be
screened. The results of the screening procedure will help verify the
ranked 1ist developed in this text and will help characterize source
categories that will not be stack tested.

1.3 CONTENTS OF THIS REPORT

" Section 2.0 presents a summary of the literature review.
Tetrachlorodibenzo-p-dioxin (TCDD) emissions data are presented along with
qualitative information on source characteristics. A complete listing of
the emissions information along with sampling and analytical methodology
used to obtain the data is presented in Appendix A. Ongoing research is
also identified in Section 2.0

The source category characteristics and emission rates summarized in
Section 2.0 are used in Section 3.0 to identify factors that affect TCDD
emissions. These factors include both fuel and combustion characteristics.
The factors identified are based on experimental studies, source tests, and
theoretical chemistry. No attempt was made to assign a relative importance
to these factors.

In Section 4.0, a ranked 1ist of source categories is developed. The
ranking procedure is largely based on the factors affecting TCDD emissions
identified in Section 3.0. In addition, the size of the source category,
the number of previous PCOD studies, and the potential for human exposure
are considered during the ranking. As discussed earlier, the ranking
procedure is largely subjective, and the final ranked Tist may be modified
following the ash screening program.



Section 5.0 presents a testing program based on the ranked 1ist of
source categories. The testing program will include initial screening of
all sources identified, followed by stack testing of the top ranked sources.
Section 5.0 also discusses the costs of stack testing, the number of sources
that should be tested in each source category, and the types of samples that
should be analyzed at each source.

Section 6.0 presents a short discussion on two proposed modeling tasks.
The advantages and disadvantages of dispersion modeling 2,3,7,8-TCDD
emissions from combustion sources for the purposes of assessing exposure,
and development of an empirical or a mechanistic model describing
2,3,7,8-TCDD emissions from specific source categories are discussed.



2.0 SUMMARY OF AVAILABLE DATA

A literature review for sources of PCDD and PCDF ajir emissions was made
in 1983 by the Pollutant Assessment Branch (OAOPS/PAB).14 This review was
used as a starting point for a more specific literature search concerning
PCOD emissions from combustion sources in early 1984, 1In addition, contacts
were made with key individuals to identify recently performed, ongoing, or
planned studies that could be used to supplement the data base. Contacts
" included personnel from the Canadian Government, EPA personnel, and
researchers from industry and universities. Primarily, members of the EPA's
Chlorinated Dioxin Working Group and authors of key references were
contacted.

This chapter summarizes the updated literature review and provides the
data base upon which the Tier 4 testing program was developed. Confirmed
and potential sources of PCDD and PCDF air emissions are identified.
Industrial, commercial, and residential combustion sources are identified by
testing. Experimental studies suggest additional potential sources of
emissions., Quantitative data are presented on TCDD emission rates, along
with qualitative information on the source characteristics and feed
composition. Theories are also presented on dioxin formation mechanisms and

conditions that promote formation.

2.1 COMBUSTION SOURCES TESTED

A review of the 1iterature has produced a 1ist of 12 broadly defined
source categories that have been tested for dioxin emissicns:

- Municipal Waste Combustors,

- Hazardous Waste Incinerators,

- Sewage Sludge Incinerators,

- Coal Fired Utility Boiler,

- Commercial Boilers Firing Waste 0il,

- Industrial Boilers Cofiring Wastes,

- Carbon Regeneration,

- Residential Wood Combustion,

10



- Mobile Sources,

- Wire Reclamation, ,

- Lime/Cement Kilns Cofiring Hazardous Wastes,

- Accidental PCB Fires. '

Table 2-1 Tists tested sources and the TCDD concentrations detected.
Although the Mational Dioxin Study is focusing on 2,3,7,8-TCDD, most of the
data found in the literature addressed TCDD and PCDD. TCDD has been used
during the evaluation of the data base as the best representative of
2,3,7,8-TCDD emissions. Whenever possible, stack test results were
recorded. Much of the literature is focused on analysis of ash samples due
to the ease of collection. However, these samples may not always be
representative of stack emissions. The possibilities of PCDD partitioning
in the ash and PCDD enrichment on the fine particulate are discussed in
greater detail on Section 5.0.

General source characteristics are summarized in Table 2-2. Source
characteristics are used to identify factors that affect PCDD emissions.
Based on these factors, other potential sources of PCDD emissions are
identified for the testing program. In several cases, PCDD studies have not
been cleared for public use. For these studies, the sources are described,
but no emissions data are provided. Appendix A provides a complete listing
of the dioxin data bases. The data base 1ists levels of PCDD detected,
source characteristics, precursors, and sampling/analytical methodology.
Based on the information provided, the data are rated as good (G}, poor (P),
or incomplete (I). The rating is a function of sampling/analytical
procedures, detection 1imits, and completeness. The following discussion
summarizes the data available on source categories identified in the
literature review.

2.1.1 Municipal Waste Incineration

In 1978, TCDD's were detected in the emissions of the Hempstead

municipal waste combustor (MWC) on Long Island. Since that date, this

source category has received considerable attention in the United States.
The Canadian Government has identified MWC's as one of the major combustion

1
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TABLE 2-1.

COMBUSTION SOURCES TESTED FOR TCDD

Number of
Facilities
Source Category Tested Sample Mean Range References
Municipal Waste Combustors 3 3
USA 7 Stack 45.4 ng/m3 ND-240 ng/m3 43, 44, 49, 114
European 13 Stack 25.6 ng/m ND-128 ng/m 23, 24, 1], 53, 86
Hazardous Waste Incinerators a
Incinerator Ship 2 b Stack NIY 3 ND 3 2,3
Land Based Incinerators 10(7) Stack 0.56 ng/m ND-2.5 ng/m 116, 98, 99, 61
Sewage Sludge Incinerators 1 Stack c c 117
Utility Coal Bailers 7 Stack ND ND 44
Conmercial Boilers (Waste Fired) 6(6)b Stack D D 39
Industrial Boilers (Waste Fired)  6(1)° Stack 10.13 ng/m> ND-40.5 ng/m> 22, 28, 31, 45
Activated Carbon Regeneration 1 Stack 1.26x107° ppb ND-5x10"° ppb 50
Residential Wood Cowbustion 4 Scraping 0.329 ppb ND-.777 ppb 31, B3
Mobile Sources 9(4)P Exhaust 4x1073 ppb ND-2x10"2 ppb 31, 105
Wire Reclamation Incinerators 1 Scraping .234 ppb .058-,.410 ppb 51
lime/Cement Kilns (Waste Fired) 1 Stack ND ND 90
Accidental PCR Fires 2 Scraping 44,000 ppb HD-195%,000 ppb 48, 79

1nn = None delected.

Nunber of tests that have been perfarmed, but the results ha
C - PCOD scan only. PCDOD concentrations ranqed from 483 ng/m

I = Resulis have not yet been officially reported.

not heen officially reported. 3
ta 1,140 ng/m” with a wean of 739 ng/un”,
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TABLE 2-2.

CHARACTERISTICS OF SOURCES TESTED FOR DIOXINS

Source Precursors Furnace Type Temperature Available®
Air
Municipal Waste Combustors
Conventional Cl-aromatics Waterwall 500-1000°C Low
Refuse Derived Fuel Cl-aromatics Spreader stoker 1000°C Excess
boilers
Hazardous Waste Incinerators
Land Based PCBs, PCPs Rotary kiln 1200°C Excess
Incinerator Ships PCBs, PCPs Dual chamber 1600°C Excess
Sewage Sludge Incinerators PCBs, Cl-aromatics Mulitiple hearth 450-950°C Excess
Utility Coal Boilers Coal, low chlorine Pulverized coal 1200°C Excess
Commercial Boilers TCP Small fire tube 1000°C Excess
(Waste Fired)
Industrial Boilers PCP, Cl-aromatics Liquid injection/stoker 1300°C Excess
(Waste Fired)
Activated Carbon Regen- PCBs Fluidized bed 750-1000°C Limited
eration
Residential Wood Combustion Low chloriqe Woodstove/fireplace <500°C Low
Mobile Sources Low chlorine Internal combustion engine Excess
Wire Reclamation Incin- PCBs, PVCs Batch/conveyor 500°C Limited
erators
Lime/Cement Kilns C1-organics Rotary kiln 1400°C Excess
(Waste Fired)
Accidental Transformer Fire PCBs Uncontrolled PCB 0il Fire NAD NA

%xcess: High air/fuel ratio with efficient mixing.
Low : High air/fuel ratio with inefficient mixino.
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sources of PCDD's in the Canadian environment.202 Numerous tests have also
been conducted in Europe and Japan.za’ 24, 41, 53, 8

MWC's can be classified as either Targe mass burn units, refuse derived
fuel (RDF) units, or small modular units. Large mass burn units comprise
the largest portion of this source category. These units are characterized
by low combustion temperatures (500-1000°C) and poor air/fuel mixing. Of
the seven MWC's tested in the United States, three are large mass burn
units, three units are RDF fired, and one unit is modular., The TCDD
emission rates measured at these sources ranged from none detected (ND) to
240 ng/m> (Table 1-1).

The only study with no PCDD's detected was a spreader stoker boiler
that cofired RDF with coal.44
other facilities with low levels of TCDD's detected are another incinerator
boiler {3.15 ng/m3) and a small moduiar unit (1.2 ng/m3)49 Both facilities
were equipped with secondary chambers for combustion of offgases. The

The furnace temperature was 1200°C. Two

-remaining units, both mass burn units and RDF units, emitted higher levels

of TCDD's (6.3-240 ng/m3)49' 44, 114, 43 These sources were characterized
by no supplemental fuel, no secondary combustion chambers, and, in some
cases, poor air/fuel mixing. One unit added a chiorinated biocide to the
RDF, 114

Many of these units are equipped with electrostatic precipitators or’
cyclones to remove the large particulate from stack emissions. However,
Karasek et al has shown that in some cases PCDD's enrich on the smaller
particu]ate.s7 A large portion of these may not be removed by the above
control devices.
2.1.2 Hazardous Waste Incineration

The incineration of hazardous wastes can be divided into four
categories: '

(1) Land Based Incinerators,

(2) Incineration Ships,

(3) Boilers Cofiring Hazardous Wastes,

(4) Lime/Cement Kilns Cofiring Hazardous Wastes.

14



In each case, the feed material may contain elevated levels of chlorinated
aromatics or PCDD's. Based on fuel composition, the potential for PCDD
emissions is high. Fuel characteristics are discussed further in
Section 3.0. In spite of the fuel composition, well controlied source
design allows for high efficiency destruction of these wastes.

2.1.2.1 Land Based Incinerators. Four studies have been conducted in
the U. S. with data from ten land based incinerators.lls’ 98, 99, 81 In
tests on two rotary kilns incinerating polychlorinated biphenyl (PCB's),
TCDD emissions were Tow (ND-2.48 ng/rn3).116 These incinerators were
equipped with afterburners (1200°C). 1In both bases, the addition of
supplemental fuel resulted in no PCDD's detected. Tests on a controlled air
incinerator firing poiychlorinated phenol treated wood aiso showed no PCDD's
detected.109 This incinerator was also equipped with an afterburner
(1370°C) and used supplemental fuel.

2.1.2.2 Incinerator Ships. Two studies were conducted with M/T
Vulcanus incinerator ship.z’ 3 The first study was conducted during the
incineration of Herbicide Orange. TCDD levels in the feed ranged from
ND-2.4 ug/g. No PCDD's were detected in the stack emissions. The second
study was conducted during a PC8 burn. PCDD's were not found in the feed or
stack emissions. However, PCDF's were found in the feed. This incinerator
ship uses a dual chamber configuration. Furnace temperatures reach 1600°C

with a residence time of 1.35 seconds.

2.1,2,3 Boilers Cofiring Wastes. A review of the literature has
produced five studies describing dioxin emissions from 13 boilers cofiring
wastes. The Industrial Environmental Research Laboratory {[IERL) in
Cincinnati conducted studies on eight industrial boilers cofiring waste
products.22 Four boilers were cofiring chlorinated wastes and were tested
for dioxin, A steam boiler firina waste wood contaminated with
pentachlorophenol (PCP) and PCDD's emitted TCDD's at a level of 38-43 ng/m3.
PCOD's in the feed were highly chlorinated isomers. PCDD's formed from PCP
should also be highly chlorinated isomers.32 The predominance of TCDD's in
stack emissions indicates that dechlorination had occurred. Further
analysis of the results indicate that the lower chlorinated isomers (TCDD's)
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escaped with the small particulates and flue gas, while the higher
‘2%:/;h1orinated isomers are trapped with large particulates in the ESP. The
/ three boilers remaining were tested for PCDD's at a detection limit of 1,000
ng/m3. No PCDD's were detected. At present, more sensitive tests are being
conducted on archived samples from these three boilers.
Two unrelated studies detected dioxins in ash samples from boilers
cofiring PCP wastes.28’ 94 In one study, stack emissions were tested.28 No
PCDD's were detected. However the detection 1imits were high (10 pg/ms). A
final study found no-PCDD's or PCDF's in the emissions of a high efficiency
industrial boiler firing PCB contaminated oi1.45 The detection limits in
this study were again high.

Dow Chemical tested two industrial waste incinerators; a 72 million
Btu/hour stationary tar burner and a 70 million Btu/hour rotary ki1n.31
both cases, PCDD's were detected in the fly ash taken from the stacks. When
supplemental fuel was added to the rotary kiln, no TCDD's were detected at a
2.0 ppb detection limit.

2.1.2.4 Lime/Cement Kilns Cofiring Wastes. One study has addressed
PCDD emissions from cement kilns cofiring wastes.90 This study tested
emissions from the San Juan cement kiln while cofiring pharmaceutical wastes
(21 percent C1). No PCOD's or PCDF's were detected at a detection Timit of
14.9 ng/m3. The combustion temperature of this process is 1260°C, with a
residence time of 1.5 seconds. The State of California is planning to test
a dry cement kiln cofiring wastes. Details on this study are not yet
available,

2.1.3 Sewage Sludge Incineration

Very Tittle data is available on PCDD emissions from sewage sludge
incinerators. A Canadian study detected PCDD and PCDF emissions from a
sewage sludge incinerator at concentrations of 0.739 ug/m3 and 1,213 uQ/mS,
r‘espectively.117 The incineration was a multiple hearth unit with a
combustion temperature of 1000°C. Currently, there are no U. S. studies
available. However, the New Bedford Incinerator in Massachusetts has been
tested. The results will be available before the Tier 4 final report is
completed.

In
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2.1.4 Coal Boilers

The EPA conducted a national survey of organic emissions, including
PCDD's and PCDF's, from coal fired utility boﬂers.44 Seven large utility
boilers were tested. No PCDD's were detected in the emissions. The boilers
were large pulverized coal units operating at temperatures above 1000°C.

62, 29, 47 The only study
31

Several smaller studies recorded similar results,
that detected PCDD's in coal fired boilers was a Dow Chemical Study.
TCDD's were detected in fly ash at a level of 38 ppb. In an experimental
study, Dow Chemical detected PCDD emissions from coal combustion, but only
when chlorine was added to the feed.78 A small spreader stoker coal boiler
test will be tested in the near future by IERL. This testing effort will be
expanded to include stack sampling for the Tier 4 program. '
2.1.5 Activated Carbon Regeneration

The regeneration of activated carbon has been studied in Cincinnati,
Ohio.50 This carbon serviced the Cincinnati water supply for approximately
1 year. PCB's were detected in the feed. Parts per trillion (ppt) levels
of TCDD were detected in the fly ash and flue gas samples. This facility
operated a rotary kiln at 800°C. The air supply was limited to prevent
combustion of the carbon.
2.1.6 Wire Reclamation

One PCOD study has been conducted on a wire reclamation incinerator.
TCDD and tetrachlorodibenzofurans (TCDF) concentrations in ash scrapings
were 410 ppt and 11,600 ppt, respectively. Wire insulation incinerated
during this process often contains PCB's and polyvinyl chloride. To prevent
oxidation of the copper wire, both combustion temperatures and oxygen levels

51

are kept low.
2.1.7 PCB Transformer Fires

48, 79

Ash samples from two PCB fires have been analyzed for PCDD;s. In
both cases, PCDD's were detected at elevated Jevels. At a third fired,
PCDF's were detected in both the uncombusted PCB 01l and ash samp]es.54 In

experimental work, Buser et al demonstrates the formation of PCDF's by
pyrolysis of PCB's.19 Buser postulates an intramolecular cyclization

mechanism.
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2.1.8 Residential Wood Combustion

Dow Chemical conducted two series of tests on wood stoves. The
levels of TCDD's detected in ash samples ranged from ND-370 ppt. The feed
material was untreated wood and residential wastes. Both combustion
temperature and local oxygen availability are expected to be low.

2.1.8 Mobile Sources

Two series of tests have been conducted on auto emissions.
test series by Dow Chemical, TCDD levels in muffler scrapings ranged from ND
to 20 ppt. This test series included regular and unleaded cars and diesel
trucks. Currently, the Environmental Science Research Laboratory in
Research Triangle Park is conducting emissions tests on gasoline and diesel
vehicles. This work will be available in the Tier 4 final report.

2.1.10 Experimental Studies

Extensive experimental studies have been conducted on PCDD and PCDF
formation from combustion of chlorinated aromatics. Three categories of
organics have been tested: PCB's, chlorobenzenes, and chlorophenols. The
effect of inorganic chlorine on PCDD emissions has also been studied.

The major focus of the experimental work identified is the formation of
PCDD's from the combustion of chlarinated phenols. Experiments by Rappegz,
Janssonss, and.AhlingS’ 4 demonstrate the formation of PCDD's at combustion
temperatures of 500-800°C. Above this temperature, PCDD's are destroyed.
Formation mechanisms postulated are (1) dimerization of chlorophenates,

(2) cyclization of predioxin, and (3) dechiorination of higher chlorinated
dioxins.

Buser investigated the formation of PCDD's and PCDF's from the
pyrolysis of ch'[orobenzenes.17 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 the pyrolysis of

31, 83

31, 105 In a

The yields of PCDF's were estimated to range from

0.1 percent to several percent. The proposed formation mechanism is an
intramolecular cyclization. No experimental work has been identified on
PCDD formation from PCB's. However, PCDD formation from PCB combustion has
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been demonstrated in two transformer fires.48’ 9 Elevated levels of PCDD's

were found in ash samples from both fires. During two series of PCB

destruction tests, PCDD emissions from rotary kilns increased when PCB

wastes were added to the feed.116

Three recent reports have dealt with PCDD formation from combustion
processes in the presence of inorganic ch]orine.78’ 113, 73 Tierman found
no detectable PCDD's or PCDF's emitted from the combustion of virgin
pine.113 However, in the presence of HC1, significant quantities of TCDD's
were detected. Mahle presents similar results when burning coal in the
presence of C12, HC1, and NaCI.78 Liberati studied the combustion of
vegetables.’> When inorganic chlorine or PVC is added, PCDD's and PCDF's

were detected in the emissions.

2.2 POSSIBLE, PLANNED, OR ONGOING WORK

Table 2-3 1ists PCDD studies that are either ongoing or being
considered. Results from many of these tests will be available in the
Tier 4 final report.

The Industrial Environmental Research Laboratory (IERL) in Cincinnati,
Ohio is conducting a series of tests. These include a batch asphalt plant
in Maryiand, a steel blast furnace cofiring hazardous wastes in
Pennsylvania, and a spreader stoker coal boiler co?iring hazardous wastes.

Two sewage sludge incinerators are listed. The New Bedford incinerator
has recently been tested. Results are due in the near future. Testing of
the Norfolk incinerator will start this summer. PCDD tests may be conducted
at this site,

Several regions have expressed interest in testing MWC's. Two studies
that should be noted are the retesting of Hampton which is currently
underway, and the retesting of Hempstead. The Hempstead study may not be
complete during the Tier 4 program.

Two important foreign studies are currently ongoing. The University of
Waterloo in Canada is conducting a study on a Paris MWC. This study is
attempting to correlate operating conditions with levels of PCDD emissions.
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TABLE 2-3.

POSSIBLE, PLANNED, OR ONGOING WORK

Organization Source Type Number of Tests
DOE Coal/Waste Boiler 1
ORD, EPA Steel Blast Furnace 1
Asphalt Plant 1
Stoker Coal Boiler 1
Mobile Sources 1
EPA Regional Offices Municipal Waste Combustors 11
Sewage Sludge Incinerators 2
Pathological Incinerators 2
Hazardous Waste Incinerators 2
State Offices Municipal Waste Combustors 1
Dry Cement Kiln i
Environment, Canada Municipal Waste Combustors 3
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A current Japanese study is looking at the effect of control devices on PCDD
emissions.

2.3 SUMMARY AND PURPOSE OF LITERATURE REVIEW

The literature review has produced a list of twelve source categories
that have been tested for PCDD's. Ten of the 12 source categories tested
have been shown to emit PCDD's at detectable levels. Likewise, theories
proposed for PCDD formation mechanisms and experimental studies which
support these theories have been identified. By evaluating the proposed
formation mechanisms and characteristics of the tested sources, a 1ist of
factors that may affect PCDD emissions have been developed. Based on these
factors, source categories with suitable operational and fuel
characteristics are identified for the Tier 4 testing program. The next
section presents a more detailed discussion on the factors that are believed
to affect PCDD emissions.
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3.0 FACTORS AFFECTING DIOXIN EMISSIONS

There are several unproven hypotheses concerning PCDD emissions from
combustion processes. Dow Chemical's "Chemistries of Fire" theory proposes
that PCDD's are a natural byproduct of fire and will be formed at some

quantities in all combustion processes.31.

However, experimental results by
Buser and Rappe and an evaluation of data from the literature suggests that
PCOD's are emitted only under limited conditions. The most prevalent
theories, including Esposito's formation mechanism, involve the incomplete
combustion of PCDD's or PCDD precursors. Although there is some
disagreement on the definition of precursors, PCDD precursors are defined in
this paper as chlorinated aromatics that can produce PCDD's through
bimolecular reactions and thermal rearrangements. Examples include
chlorinated phenols and chlorinated benzenes. When PCDD's are in the feed
of a combustion source, they can escape with the fine particulate if thermal
destruction efficiency is low., Additionally, PCDD precursors may be
thermally rearranged during incomplete combustion to form PCDD's.

Neither the Dow hypothesis or the precursor hypothesis have been
conclusively supported or refuted. Recent studies involving pyrolysis of
wood with and without chlorination, in conjunction with the studies of
pyrolysis of chlorinated coal, suggest that inorganic chlorine at high
Tevels with any organic material may very well lead to PCDD formation (see
Section 2.1.10).

This section discusses the various factors identified in the literature
that may effect PCOD emissions. These are listed below.

Based on the literature review, the following factors are believed to
affect dioxin emissions:

- PCOD in feed,

- Precursors in feed,

- Chlorine in feed,

- Combustion temperature,

- Residence time,

- Oxygen availability,
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- Feed processing,

- Suppliemental fuel.

How these factors interact during the formation of PCDD's is not well
defined. Therefore, each of the factors will be discussed separately below.
Once the results of the source test program and ash screening studies are
available and have been analyzed, an assessment of the relative importance
of each of these factors can be made. In addition, now Dow's hypothesis and
the precursor hypothesis can be tested with the additional information.

3.1 PCDD IN FEED

2,3,7,8-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 (OCDD). The
primary end use for PCP is as a wood preservative. It is anticipated that
1imited 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, 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 organics 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. Two examples are PCP sludge incinerators used at wood
preserving facilities and black liquor recovery boilers used at paper mills.

The IERL industrial boiler study discussed in Section 2.1.2.3
demonstrates that PCDD's have been detected in combustion source emissions
with PCDD's in the feed.?® 'If PCDD's are found in the feed of an
inefficient or poorly controlled combustion process, it is very likely that
they will be released to the atmosphere.
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3.2 PRECURSORS IN FEED

Although the Dow "“Chemistry of Fire" theory has some backing, much of
the experiments reviewed 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 2.1.10. Esposito et al presented detailed descriptions of

the formation mechanisms of chlorinated dioxins from precursors.37 This
work organizes dioxin precursors into three classes:

Class I - Polyhalogenated phenols, primarily with a halogen ortho
to the hydroxyl group, with a high probability of dioxin formation.

Class I1I- 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

likelihood, of dioxin 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.

Table 3-1 lists the uses and annual production rates for these three classes
of chemicals.

PCOD formation from the combustion of chlorinated phenols has been
tested extensively by Rappegz, Janssonss, and Ah1ings’ 4. The formation of
2,3,7,8-TCDD from 2,4,5-trichlorophenol is illustrated in Figure 3-1la.
Figure 3-1b illustrates the formation of OCDD from PCP. Dechlorination of
the highly chlorinated homologs 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 chlorophenols may be
disposed of by incineration or used as a supplemental fuel in boilers. 1In
addition, chlorophenol wastes are often disposed of in sludge incinerators
and industrial boilers. The identified experimental references indicate
that these combustion sources should be considered in the Tier 4 testing
program.

Buser investigated the formation of PCDD's and PCDF's from the

pyrolysis of chlorobenzenes.17 The formation mechanism included a
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TABLE 3-1. PCDD PRECURSORS

Precursor

Use

Quantity

Chlorophenois

Chlorobenzenes

PCBs

Herbicides
Fungicides

Wood Preservatives
Sap Stain Control

Manufacturing Inter-
mediates

Inert Solvents

Rubber Production

Pesticides

Lubricants

Pharmaceuticals

Dyes

Wood Preservatives

Transformers
Capacitators
Insulation
Hydraulic Fluid
Plasticizers
Dyes

63,000 kkg/y:

215,000 kkg/:

570x10%kg
(1930-1975)
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Figure 3-1. PCDD formation from chlorophenols.
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chlorophenol and a polychlorinated diphenyl ester (PCDPE) intermediate.
Figure 3-2 illustrates the possible formation mechanisms.

Chlorobenzenes are used in solvents, dyes, pharmaceuticals, and rubber
production, These products make up much of the organic chlorine found in
MWC feed. 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.lB’ 19, 20 The proposed formation mechanism is an intramolecular
cyclization as shown in Figure 3-3. No experimental work has been
identified on PCDD formation from PCB's. However, several studies have been
identified that found PCDD's emitted from PCB fires.*8» 9% 116 1,
addition, PCB's are often in solution with hexachlorobenzenes which 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 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.104 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. Table 3-2 lists the chlorine
content of several fuels.

Other authors have demonstrated the effect of chlorine on dioxin
emissions. Mahle et al demonstrated that PCDD's were emitted from coal
combustion only when chlorine was added.>® Tierman et al found PCDD
formation during the combustion of pine in the presence of HCl1, but no

PCOD's were detected during the combustion of pine a]one.113 Liberti
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TABLE 3-2, FUEL

CHLORINE CONTENT

Fuel Type

Chlorine Content (ppm)

- Refuse Derived Fuel

Paper

Wood

Coal

Residual 01l

Crude 041

Distillate 01l

Natural Gas

PCP/PCB Wastes

1,400 - 9,500
300 - 1,600
11 - 84
10 - 3,700
1 - 200
1.6 - 74
50 - 100

Several Percent

Source: Reference No. 104
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studied the combustion of vege’cables.73 When inorganic chlorine or PYC is

added, PCDD's and PCDF's were detected in the feed.

While the precursor theory 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.

3.4 COMBUSTION CONDITIONS

The remaining factors that affect PCDD emissions are combustion
conditions. These are combustion temperature, residence time, supplemental
fuel, and fuel processing. The 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 Btu fuel, and long residence times.
Each factor is discussed separately below.
3.4.1 Combustion Temperature

Experimental evidence suggests that temperatures of 500-800°C promote
PCDD formation, while temperatures greater than 800°C destroy PCDD'S.S’ZO’31
Buser et al showed that PCB pyrolysis at 550-650°C forms PCDF.20 However,-
pyrolysis at temperature greater than 700°C cause 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 chlorophenols.

Combustion temperature is a function of the Btu content of the fuel or
supplemental fuel, the available air, and the degree of fuel processing.

MAC's are considered a major combustion source of PCDD's.114

The large mass
burn units are characterized by .low combustion temperatures. This is due in
part to the high moisture, low BTU fuel; poor air/feed mixing due to the
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 BTU fuels or add high BTU

supplemental fuels; and, even if the air/fuel ratio is low, the air/fuel
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missing 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. Several studies have been ijdentified that
demonstrate the effects of high combustion temperatures on PCDD's and PCDD
precursors.lls’ %0, 3 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 project was
1600°C.

When selecting sources for the Tier 4 testing program, combustion
temperatures will be considered. Source categories characterized by low
combustion temperatures are considered potential sources of PCDD emissions.

3.4.2 Residence Time

The residence time necessary to destroy PCOD'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 long residence time for destruction of
PCDD's. Sachter et al showed that an increase in both temperature and
residence time decreased the formation of PCDD's from chlorophenol
100 Similar results have been found at hazardous waste
incinerators that run with 1.5-2.0 second residence times. Combustion

combustion.

sources with longer residence times and high temperatures are less likely to
form products of incomplete combustion, such as PCDD's.
3.4.3 Oxygen 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 (waste tars, etc.) burn
as particulates or large droplets, and therefore portions of the fuel are
burned in low oxygen or pyrolysis conditions. A low air/fuel ratio or poor
air/fuel mixing will promote poor combustion conditions and the formation of
PCOD's. Jansson demonstrates that an insufficient air supply increases PCDD

55 MWC are usually fired with excess

emissions from chlorophenol combustion.
air. However, large mass burn units have poor air/fuel mixing due to the

Tack of fuel processing. Activated carbon regeneration and wire reclamation
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jncinerators are both designed with Timited air. Al1 of these cases have

49, 51, 50 Available oxygen will be considered

peen shown to emit dioxins,
during the source ranking. Sources with a low air/fuel ratio or poor
air/fuel mixing will be considered potential sources of PCOD emissions.
3.4.4 Feed Processing

The feed material for a combustion source may be a liquid, 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 drying, shredding, or
separation to improve combustion. Similarly, high viscosity fuels, for

example waste tars, require some preparations including 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 1ikely to emit products of incomplete
combustion, such as PCOD's.

3.4.5 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 coal. 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. After the addition of a supplemental fuel, no TCDD's were
detected.

When selecting sources for the Tier 4 testing program, sources fired
with high Btu supplemental fuel will be considered less likely to emit
PCOD's. Sources burning low Btu wastes without supplemental fuels are
Tikely candidates for testing.
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4.0 DEVELOPMENT OF THE RANKED SOURCE LIST

Based on the results of the literature review, a sampling plan has been
developed that will provide data to allow a better definition of the nature
of the dioxin emissions problem. Due to Tier 4 budget restraints, not all
source categories jdentified by the literature search will be tested. In
order to facilitate the source selection process, source categories will
first be ranked based on factors identified in Sections 2.0 and 3.0. Source
categories with the highest ranking will be stack tested first, and source
categories ranked with a low potential to emit dioxins will be screened
early in the test program. Source screening will involve collecting ash
samples and analyzing these samples for PCDD's. Screening results help
select which of the lower ranked categories should be stack tested and will
help characterize source categories that will not be stack tested. The
following chapter describes the rationale used to select and rank broad
source categories for the Tier 4 testing program.

During the development of the ranked source list, very broad source
category definitions were used. All of the source categories can be
subdivided further and, in many instances, it is anticipated that some
subcategories will have a higher potential for PCDD emissions than others.
For example, municipal waste combustion can occur in large field erected
units designed for energy recovery or in smaller package units. The waste
can be burned as is or can be classified in a number of ways including by
air or by wet processing. In addition, refuse derived fuel can be cofired
in boilers. As discussed earlier, each of these differences in
subcategories can effect dioxin emissions. ODue to the limited amount of
information available, and the subjective nature of the ranking process, the
authors felt that subcategorization was not justified for the development of
the preliminary source Tist. '

' As site selection for ash screening and stack testing proceeds,
consideration should be given to the representativeness of the facilities
selected, Subcategories of the major categories may well be justified
especially during ash screening.
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4.1 DEVELOPMENT OF PRELIMINARY SOURCE LIST

The first step in the ranking process is to develop a fairly extensive
1ist of the major combustion source categories. Table 4-1 Tists the
approximately 50 combustion sources considered. The sources listed can be
categorized in one of the following groups:

(1) Fossil fuel boilers, process heaters, oil engines;

(2) Manufacturing processes;

(3) Waste Disposal; and

(4) Accidental fires.

Source category size and precursor concentration in the feed are key
criteria in the selection of these categories. Based on precursor content

L

described by Esposito37 and chlorine content, many waste disposal categories
and manufacturing processes were selected. A review of AP-42 and the 1981
NED's Fuel Use Report suggested several fossil fuel and wood fired source
categories. These sources were selected based on size and emissions data.

From this 1ist of potential source categories, a preliminary source
list has been developed. These sources are most likely to pose a dioxin
emissions problem. Source categories on the preliminary source list will
eventually be ranked and considered for stack testing. Selection of source
categories for the preliminary source list is based on the following
criteria:

(1) PCDD's detected in previous studies;

(2) Elevated levels of chlorine, PCOD precursors, or PCDD's in feed;

(3) Experimental studies that suggest the source is a potential PCDD

emitter; and

(4) Favorable combustion conditions for PCDD formation based on

operational parameters described in Section 2.0,

For examplie, wood stoves have been shown to produce dioxins.31 Based
on this work and the possibility of PCP contamination, wood fired boilers
and wood stoves warrant further research. Municipal waste combustors,
sewage sludge incinerators, and hazardous waste incinerators have all been
previously tested, and PCDD's were detected. Precursor and chlorine levels
in the feed iqdicate that both black liquor boilers and other waste fired

34



TABLE 4-1.

COMBUSTION SOURCES

Fossil Fuel Boilers, Process Heaters, or Engines

Boilers

Coal Fired

0i1 Fired
Natural Gas Fired
Liquified Petroleum Gas
Process Heaters

- 01l

- Natural Gas

- Refinery Gas
Turbines

- 0il

- Natural Gas

Internal Combustion Engines
- Stationary

- MobiTle

Home Heating

- 0il

Natural gas

Coal

Kerosene

Industrial Processes

Catalytic Cracking
Charcoal Manufacturing
Carbon Black Manufacturing
Coke Manufacturing

Coal Gasification

Asphalt Manufacturing
Coffee Roasting

Meat Smoke Houses

Waste Disposal Operations

Wood Boilers
Refuse Derived Fuel Boilers
Municipal Waste Incinerators
Hazardous Waste Incinerators
- land based
- incinerator ship
Sewage Sludge Incinerators
Boilers Fired with
contaminated waste oils
off spec products
distillation bottoms

tars

Cement/Lime Kilns (Waste Fired)
Resource Recavery (Metals)
Carbon Reactivation
Pathological Incinerators
Black Ligquor Boilers

Open Burning

Wood Stoves

Agricultural Burning

Accidental Fires

PCB Transformers
Structural Fires
Forest Fires
Subway Fires
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i
boilers should be considered. Based on combustion conditions, activated

carbon regeneration, charcoal manufacturing, and wire reciamation will also
be considered. In each of these processes, both the combustion temperature

and the air/fuel ratio are limited by design.208’ 205, 209
Some source categories will be excluded from the preliminary list.

Based on an evaluation of available data, these source categories are not
expected to present a health risk. Therefore, these source categories will
not be considered for stack testing during the initial ranking procedure.
At the request of State or regional offices, these sources and others not
listed will be screened using ash samples. Exclusion of source categories
from consideration for stack testing was based on the following criteria:

(1) Low chlorine fuel (natural gas, clear oil);

(2) Low precursor level (less than 1 ppm);

(3) Small source category (low annual tonnage); and

(4) Intermittent source category.

Based on previous studies and chlorine content, fossil fuel boilers,
process heaters, and turbines have been excluded from the preliminary
list.44
black manufacturing and coal gasification, have been excluded. Two

In addition, processes using clean fossil fuels, such as carbon

exceptions are small spreader stoker coal boilers and mobile sources. Due
to combustion conditions (poor air/fuel mixing and lower temperatures),
small spreader stoker coal boilers will be included in the test plan.
Dioxins have been detected in two previous studies on mobile sources.
Sources burning lTow annual tonnage such as coffee roasting, meat smoke

31, 105

houses, or open burning have also been excluded from the preliminary list.
Similarly, intermittent sources such as accidental fires or incinerator
ships have been excluded. While on an individual basis, many of these
sources may emit dioxins, these source categories do not pose the potential
exposure problem that would be expected with large continuous sources.
Table 4-2 lists the major exclusions from the preliminary source 1ist,

Table 4-3 presents the preliminary 1ist of combustion source categories
and rationale for selection. In the next section, the rationale for ranking
the preliminary source Tist will be presented.
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TABLE 4-2, COMBUSTION SOURCE CATEGORIES EXCLUDED FROM
PRELIMINARY SQURCE LIST

Coal: Tested extensively by EPA
No PCDD detected

Natural Gas: Clean burning
Low chlorine

Clean oil: Low chlorine
Processes using low chlorine petroleum products

Carbon Black Manufacturing
Catalytic Cracking

Coke Manufacturing

Coal Gasification

Asphalt Manufacturing

Intermittent Sources/Low National Fuel/Feed Use

Pathological Incinerators
Incineration Ships

Coffee Roasting

Meat Smoke Houses

Bagasse Boilers

Open Refuse Burning
Accidental fires

Apartment House Incinerators

[ N N AR R D D T
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TABLE 4-3.

PRELIMINARY SOURCE LIST OF COMBUSTION SOURCE CATEGORIES

BELIEVED TO HAVE THE GREATEST POTENTIAL TO EMIT DIOXINS

Source

Hazardous Waste Incinerators
Municipal Waste Incinerators
RDF Boilers

Commercial Waste Oil Boilers
Industrial Boilers Cofiring Wastes
Wire Reclamation Incinerators
Activated Carbon Regeneration
PCP Sludge Incinerators
Sewage Sludge Incinerators
Mobile Sources

Wood Stoves/Fireplaces
Wood/Bark Boilers

Charcoal Manufacturing

Bilack Liquor Boilers
Cement/Lime Kilns
Cofiring Wastes

Small Spreader-Stoker Coal
Boilers

Rationale

TCDD
TCDD
TCDD
TCDD
TCOD
TCDD
TCDD
TCDD
PCDD

Detected

Detected

Detected

Detected

Detected

Detected

Detected

Detected

Detected

TCDD Detected

TCDD Detected

Experimental results with PCP
treated wood

Experimental results with PCP
treated wood, combustion conditions
PCBs in effluent, PCP's in feed
Precursors present

Favorable combustion
conditions for dioxin formation

38



4,2 DEVELOPMENT OF RANKING CRITERIA AND THE RANKED SOURCE LIST

Shih et al developed a ranked priority list of conventional combustion
systems emitting polycyclic organic matter.lo4
was on PCDD's, PCDF's, and PCB's. The rationale presented for source
ranking was based on fuel characteristics and combustion process
characteristics. Table 4-4 presents Shih's ranked list.

The emphasis of this work

Radian's efforts to rank combustion sources with the potential to emit
TCDD is based on Shih's work, with the following exceptions:

(1) A greater emphasis is placed on combustion of wastes as fuels and

on dioxin precursors in the feed.

(2) Coverage has been expanded to include nonconventional combustion
sources, such as waste fired boilers and black liquor boilers
which are considered due to the potential for elevated
concentrations of chlorinated aromatics in the feed.

(2) Source category size (annual tonnage) is considered during
ranking.

(3) The number of valid tests previously conducted on a source
category is also considered a ranking criteria.

The following discussion presents supporting data, ranking rationale,
and key references using during the development of the ranked source list.
Figure 4-1 summarizes these procedures by means of a flow chart. Source
categories from the preliminary source list are ranked into one of four
groups. Rank descriptions are Tisted in Table 4-5.

The ranking process was highly subjective since no realistic assignment
of weighing factors could be made for each of the ranking criteria. The
development of a ranked 1ist would change depending on the relative
importance given to the ranking criteria. The criteria used to rank the
preliminary source 1ist are based on factors affecting dioxin emissions
identified in the literature review. In addition, the size of the source
Category, the location of the sources, the number of previous tests, and the
results of previous tests are considered. Table 4-6 lists the ranking

criteria. Table 4-7 summarizes source characteristics used in the ranking
procedure.
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TABLE 4-4. RANKED PRIORITY LIST OF COMBUSTION SYSTEMS FOR SOURCE TESTING

ot

Corresponding Priority Carresponding Priority
Priority List for * Ranking for Bromjnated Ranking for PAH

Chlorinated POM Compounds POM Compounds Compounds
1. Coal-refuse spreader stoker 1 10
2. Municipal refuse incineration 2 12
3. Coal-refuse suspension-firing 3 16
4, Wood combustion - dutch oven 4 7
5. HWood combustion - overfeed stoker 5 8
6. Wood combustion - spreader stoker 7 11
7. MWaste oil combustion 6 19
8. Bituminous coal - hand-fired units 8 1
9. Bituminous coal - overfeed stoker 9 3
9. Bituminous coal - underfeed stoker 9 3
11. Bituminous coal - spreader stoker 11 5
12. Wood combustion - hand-fired units 13 2
13. Lignite - other stokers - 12 6
14, Lignite - spreader stoker 14 S
15. Bituminous coal - cyclone 15 13
16. Bituminous coal - pulverized dry-bottom 16 14
17. Bituminous coal - pulverized wet-bottom 17 16
18. Lignite - cyclone 18 18
19. Lignite ~ pulverized dry-bottom 19 19
20, Distillate oil - home heating units 20 15
21. Residual 0il - packaged boilers 21 21
22. Residual o0il - field-erected boilers 22 22
23. Distillate o0il - packaged boilers 23 23

*
Chlorinated POM compounds include PCDDs, PCDFs, and PCBs.
* Brominated POM compounds include PBDDs, PBDFs, and PBBs.

Reference Number 104



Praliminary Source List

; }

Yes :
' 3 Or More Mynficipal Waste Incineration
Valid Tests . - 0 Industrial Waste Boflers
No
r
Potantial To Mobile Sources
Emit TCOD Low Wood Stoves
Y ¥ood Fired Boilers
1. TCDD Detected Spreader Stoker {oal
2, Precursor Level Hazardous Waste Incineration
3, Combustion Condition Lime/Cement Kilns
—
High
Small PCP Sludge Incinerazion
S{ze OFf — B Carbon Regeneration
Source Category Charcoal Manyfacture
Wire Reclamation
‘ Large

A

Sewace Sludge Incineration
. Black Liquor Boilers
Comnercial Waste 011 Boflers

Figure 4-1. Ranking flow chart.
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TABLE 4-5. RANKING CATEGORIES

Rank

Description

Large source categories {greater than 1 million
tons of fuel and/or waste burned annually) with
elevated dioxin precursor contamination of
feed/fuel. These categories have the potential to
emit TCDD and require further testing.

Small source categories (less than 1 million tons
of fuel and/or waste burned annually) or source
categories with Timited dioxin precursor
contamination of feed/fuel. These categories have
the potential to emit TCDD and require further
testing.

Source categories less likely to emit TCDD.

Source categories that have already been tested
three or more times.
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TABLE 4-6. CRITERIA FOR RANKING COMBUSTION SOURCE CATEGORIES

Number of previous dioxin stack tests
Estimated potential to emit TCDD

- Measured TCOD Tevels
- Presence of dioxin precursors in feed
- chlorinated phenols
- chlorinated benzenes
- PCB's
- Chlorine content of feed
- Combustion conditions
- temperature
- local air availability
- supplemental fuel
- residence time
- fuel processing

Size of source category

) Number of facilities

- Quantity of fuel burned

- Location of sources in category
- Potential for human exposure
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TABLE 4-7.

SOURCE CHARACTERISTICS

Number Rumber of
Stze of U.S. Combustion Air/Fuel Air/Fuel Previous TCDD
Source (Tons/Year) Facilities Fuel Composition Temperature Ratio Mixing Tests Detected
Waste Fired Boilers 20x108 -
Industrial -—- - PCBs, Cl-phenols 1000°C Excess Good 6(1) ND-40.5 ng/m3
Commercial -—- - PCBs, Cl-phenols <10nQ°g Excess Good 6(6)
MHCs
Conventional lleO6 a0 Cl-organics 500-1000"C Excess Poor 3 3.15-240 ng/m:j
Hodular 0.23)(1[)6 920 Cl-organics 500-1000"C  Txcess Poor 1 1.2 nt_|/m3
RDF Boiler 4.5x106 11 Cl-organics 1000°C Excess Good 3 ND-29.7 ng/m3
Black Liquor Boilers 42x10ﬁ 271 PCBs, PCPs 1000°C Excess Good 0
N Sewage Incinerators 1.5)(106 200 Cl-organics 1000°C Excess Paor 2 483-1140 ng/m3
= {PCDD Scan)
PCP Sludge Incinerators pCPs 1000°C Excess Good 1 0.8-3.1 ppb
Carbon Regeneration 73 PCBs 800°C Limited Good i I‘ID-SxIO_4 ppb
Wire Reclamation PCBs, PVC 550°C Limited Poor 1 ND-.41 ppb
Charcoal Manufacturing 3.7)(106 106 Pce 500°C Limited Poor 0
Wood Boilers 60x1{]6 PCPs 1000°C Excess Poor 4 .329 ppb
Woods toves 48:&106 <500°C Low Poor 0
Spreader Stoker Coal 1000°C Excess Poor 0
Mobile Sources Excess Good 9(4) ND-.02 ppb
HH Incineration 1108 219 PCBs, Cl-phenols 1200°C Excess Good 10(7) ND-2.5 “‘J/m3
Lime/Cement Kilns 2-3 PCBs, Cl-phenols 1400°C Excess Good 1 ND




Based on these ranking criteria, source categories in the preliminary
source 1ist will be ranked into one of the groups listed in Table 4-5. The
Rank A group is expected to emit dioxins with the greatest potential human
exposure. Rank B and C sources are expected to be less of a problem.

Rank D sources are considered to be adequately tested for the purposes of
the Tier 4 testing program. The implications of these rankings will be
discussed in greater detail in the next section.

Source categories with three or more valid dioxin tests, using modified
Method 5 train sampling and GC/MS analysis for 2,3,7,8-TCDD, are considered
adequately tested for the purposes of Tier 4. Results of three or more
valid tests are considered sufficient to indicate the potential range of
2,3,7,8-TCDD emissions from a source category. Source categories meeting
these criteria are assigned a rank of D. These include municipal waste
combustors (reference 49, 56, 9, 44, 114, 43) and industrial boilers
cofiring wastes (reference 94, 46, 22). Seven MWC's have been tested in the
United States. Several fly ash and stack tests have also been conducted in
Canada and Europe. After reanalyzing archived samples from the IERL
industrial boiler tests, a total of six waste fired industrial boiler tests
will be completed.

The remaining source categories are ranked according to potential to
emit TCDD's. Rank C source categories are categories that have been judged
less Tikely to emit TCDD's, when compared to other source categories under
consideration. The judgments made considered many of the ranking criteria
including the level of TCDD's detected in previous tests, the anticipated
level of precursors, and the combustion conditions. Rank C source
categories inciude mobile sources, woodstoves, wood boilers, small spreader
stoker coal boilers, hazardous waste incinerators, and lime/cement kilns.

Mobile sources have been tested in two earlier studies.31’ 105 In both
cases, TCDD's were detected at the ppt level. Chlorine content of the
gasoline and diesel fuels are also low (0-100 ppm). The only case where
significant quantities of chlorine may be found in gasoline is the use of
ethylene dichloride (EDC) as an antiknock agent in leaded gasoline.
However, with the increasing concern over atmospheric lead pollution, the
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use of leaded gasoline and EDC is on the decline. Based on earlier tests
and chlorine content, mobile sources have been ranked C.

Dow Chemical conducted two series of tests on woodstoves. TCDD's
detected ranged from ND-370 ppt. The chlorine content of wood is less than
100 ppm. Although the combustion conditions found in wood stoves favor the
formation of PCDD's, the low chlorine concentrations and the low levels of
PCDD's detected in earlier studies indicate that this category is less
likely to emit PCDD's. However, 48 million tons of wood is burned each year

31, 83

in residential woodstoves. This source category is characterized by low
stacks and high particulate emissions. Woodstoves will be considered during
the ash screening. Likewise, wood fired boilers, which are more efficient
combustion systems with higher stacks, will be ranked C. Boilers fired with
PCP treated wood are considered under the waste fired boilers category.
Small spreader stoker coal boilers have been placed in the Rank C
category. This source category was originally considered because of
combustion conditions that favor PCDD formation. These include lower
combustion temperatures than the larger boilers previously tested,44 and
poor air/fuel mixing due to large feed size. However, the earlier tests on
utility boilers did not detect PCDD in stack emissions™*

studies demonstrate that PCDD's are emitted from coal combustions at 600°C
78

, and experimental

only when chlorine is added.
Both hazardous waste incinerators and 1ime/cement kilns cofiring wastes
have been ranked C. Elevated levels of PCDD precursors can be expected in
the feed of these source categories. However, previous tests have shown
only Tow levels of PCOD's emitted. 8> %05 81 this is due to combustion
conditions. Generally, combustion temperatures for these sources are
greater than 1000°C, and the residence time for fuel ranges from 1 to
2 seconds. The use of high Btu supplemental fuel and afterburners also
decrease the likelihood of PCDD emissions from these sources.
Sources with high potential to emit are ranked A or B. Rank B source
categories are smaller source categories {less than 1 million tons/year) or
categories with lower concentrations of precursers in the feed. These

4¢



e
R

include PCP sludge incineration, carbon regeneration, charcoal
manufacturing, and wire reclamation.

Two studies have looked at PCP waste incineration. In both
cases, PCOD's were detected in fly ash samples. Through experimental

studies, PCP's have been shown to form octachlorodibenzo-p-dioxins (0CDD)
22

28, 94

during combustion.55 Dechlorination of OCDD can result in TCDD's.
Annually, 19,000 tons of PCP is used to preserve wood.213 Only a small
percentage of this is incorporated in sludge which must be disposed,
Typically, the sludge is incinerated at the wood preserving plant along with
scrap wood. The lack of feed processing and the high moisture content of
the sludge can result in poor combustion conditions. Therefore, while PCP
sludge incineration is a potential source of PCDO's, the size of this
category does not warrant the highest ranking for the Tier 4 program.
Activated carbon regeneration has also been placed in the Rank B
category. The thermal regeneration of activated carbon has been studied in
Cincinnati, Ohio. ppt levels of TCDD's were detected in the fly ash.
However, the spent carbon had been used to treat the Cincinnati water
supply. Precursor levels in the carbon were Tow in comparison to what might
be expected in carbon used to treat an industrial waste stream. In order to
prevent the combustion of the carbon, the air/fuel ratio and the combustion

209 These conditions promote the

temperature (~800°C) are kept low.
formation of products of incomplete combustion, such as PCDD's. There are
approximately 73 carbon regeneration facilities in the United States. The
actual amount of carbon thermally regenerated annually is currently not
available.

Charcoal manufacturing is another source category with combustion
conditions that favor dioxin formation. Furnace temperatures are kept low

206 Source

{500°C), and both air/fuel ratio and air/fuel mixing are poor,
category surveys indicate that charcoal manufacturers are now using scrap
wood from saw mills. Much of this wood has been treated with PCP products
for sap stain control. The combustion conditions, along with the potential
use of PCP treated wood, indicate that this source category has a high

potential to emit dioxins. Approximately 3-4 million tons of wood is used
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annually in the production of charcoal. However, not all of this wood is
PCP treated. Tierman has demonstrated that the combustion of clean wood
(pine) does not form PCDD's.113 In addition, the majority of charcoal
manufacturing facilities are located in rural settings. This source
category has been placed in the Rank B category.

The final Rank B source category is wire reclamation incinerators. In
previous tests, ppt levels of TCDD's were detected in stack scrapings. As
with carbon regeneration and charcoal manufacturing, both the combustion
temperature and available oxygen are kept low in this pr‘ocess.210 Wire
insulation incinerated during this process often contains PCB's and
polyvinyl chloride., The size of this source category is not known.

However, there are 11 of these facilities in the Chicago area.212 New York
State has also cited this source as a potential problem.

The remaining source categories are Ranked A. These are sewage sludge
incinerators, black liquor boilers, and commercial boilers cofiring
chlorinated wastes. Of the sources that have not been adequately tested,
these sources are considered to have the highest potential to emit dioxins.

Approximately 1.5 million ton of sewage sludge is incinerated
annua]]y.201 The high moisture content of the feed can result in poor
combustion conditions, Many of these incinerators have odor and particulate
problems. In addition, sewage from an industrial district may contain
elevated levels of PCB's and other chlorinated aromatics. In an earlier
" Canadian study, PCOD's were detected in stack emissions. Many newer units
are operated on a fuel efficient system. In order to save energy, both the
combustion temperature and the available oxygen are held low.

Black Jiquor boilers are alsoc Rank A sources. Approximately 13 percent
of all fuel used in large industrial boilers is pulping Hquor.215
42 million tons of this pulping liquor is disposed of in boi1ers.216 Due to
wood treatment at saw mills and pulp wood storage areas, and biocides used
in the pulping operation, the potential for chlorophenol contamination is

high. In addition, earlier studies have detected PCB's in the emissions
217

Some

from these boilers. One subcategory of particular concern is black

Tiquor recovery boilers. These boilers recover smelt from the 1iquor. The
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black liquor is sprayed on the inner walls of the boiler. Smelt is
collected at the base of the boiler while organics are incinerated. The
temperature is kept low in these boilers to prevent oxidation of the smelt.

The final Rank A source category is commercial boiler firing waste oil
containing chlorinated solvents. Approximately 20 million tons of RCRA
wastes are disposed of in boilers annuaHy.zo5 Many of these wastes are
chlorinated aromatics. Commercial size boilers account for about one third
of this waste disposal. These boilers are less efficient that the larger
industrial boilers and are more likely to produce products of incomplete
combustion such as dioxins. The low stack heights and urban settings of
these boilers also increase the human exposure risk.

Table 4-8 presents the ranked source 1ist. As discussed earlier, this
ranking procedure is highly subjective. In order to help validate the
ranked source list, ash screening tests will be conducted on Rank B and C
source categories. The final ranking of B and C source categories may
change depending on the results of the screening tests. The following
section presents the development of the testing program which is based on
the ranked source list.
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TABLE 4-8. RANKED SOURCE CATEGORY LIST

Rank

Rank

Rank

Rank

A Source Categories

Sewage Sludge Incinerators
Black Liquor Boilers
Commercial Boilers

B Source Categories

PCP Sludge Incinerators

Carbon Regeneration (Industrial)
Charcoal Manufacturing

Wire Reclamation

C Source Categories

Wood Stoves

Wood Boilers (PCP Treated)

Mobile Sources

Small Spreader Stoker Coal Boiler

Hazardous Waste Incinerators

Lime/Cement Kilns Cofired with Hazardous Wastes

D Source Categories

MSW Incineration
Industrial Boilers Cofiring Wastes

Rank

Rank

Rank
Rank

A

Large source categories (greater than 1 milijon tons of fuel and/or
waste burned annually) with elevated dioxin precursor contamination
of feed/fuel. These categories have the potential to emit TCDD and
require further testing.

Small source categories (less than 1 million tons of fuel and/or
waste burned annually) or source categories with 1imited dioxin

precursor contamination of feed/fuel. These categories have the
potential to emit TCDD and require further testing.

Source categories less 1ikely to emit TCDD.

Source categories that have already been tested three or more
times. .
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5.0 SAMPLING PLAN DEVELOPMENT

The objective of this chapter is to develop a sampiing plan that will
provide data to better define the nature of the PCOD emissions problem.
Prior to the development of a sampling plan, some decision regarding the
scope of study had to be reached.

Data obtained from the 1iterature review has shown that PCDD emissions
from combustion sources have been studied for some time on a piecemeal
basis. Various hypotheses have been advanced concerning dioxin emissions
including the theory that PCDD's are a widespread contaminant from
combustion processes. The Canadian Government has taken the position that
MWC's and forest fires are the major combustion sources emitting PCDD's.

With this diversity of opinions, there are several alternative options
that could be pursued to fulfill the Tier 4 objectives. Each option has a
different focus and attempts to address different aspects of the dioxin
emissions issue. Four such options are considered during the sampling plan
development.

Option 1: Take the Canadian position to be definitive and focus the
Tier 4 efforts on MWC's and forest fires. Address the two prime questions:
(1) Do 2,3,7,8-TCDD emissions at the concentration measured from MWC's pase )
an unreasonable risk to the public? (2) If so, what can be done to minimize
the risk?

The work would involve several items including reviewing the previous
risk assessment methodology, testing additional MWC's, and sampling forest
fires. Forest fires could be sampled by perhaps sampiing the plume from an
aircraft or by taking ash samples. In addition, if the risk was
significant, a detailed evaluation of an incinerator would have to be
conducted. This would include determining the effects of various furnace
operating parameters and fine-tuning the control devices.

Option 2: Test the trace chemistry of fire hypothesis for all
combustion source categories. This option would involve testing as many
combustion source categories as possible. The main question to be addressed
would be: Which combustion sources emit 2,3,7,8-TCDD to the atmosphere?
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A reliable and relatively cheap technique would have to be developed to
allow a representative number of the hundred's of different combustion
source categories and subcategories to be tested. Analysis of ash sampies
may be a viable technique.

Option 3: Develop a theoretical or empirical model of the combustion
processes that lead to dioxin formation.

The modeling results will be used to address the question: Which
combustion sources have the potential to emit 2,3,7,8-TCDD? It is unlikely
that the model could address the follow-up gquestion: At what concentrations?

Any modeling effort would have to be validated by some source tests
which covered the range of expected types and conditions of combustion
sources. '

Option 4: Select a reasonable number of source categories to source
test based upon the available data provided by the literature review.
Attempt to select the combustion source categories with the highest
potential to emit TCDD's and concentrate the available resources on these.

This option would attempt to address the questions: (1) Which
combustion socurce categories emit significant 2,3,7,8-TCDD? (2) What range
of concentration of 2,3,7,8-TCDD are emitted from the source categories?

(3) What source characteristics (fuel type, combustion temperature, chlorine
level, etc.) have the greatest effect on 2,3,7,8-TCDD emissions?

Recommended Option: Option four {4) has been selected by 0AQPS for the
Tier 4 study because it has the potential to provide the most information to
the dioxin task force. In addition, the Tier 4 Working Group has decided to
collect and analyze ash samples for PCDD's. This information will be used

to help select sources for stack testing and will help characterize sources
that will not be stack tested. Maximum use will be made of the available
emissions information and, in addition, a broad range of combustion source
categories will be covered. With judicial source category selection based
on the literature review and ash analysis, sufficient information should be
available from the test program to determine which source characteristics
have the most effect on PCDD emissions. Even though insufficient
information would be available to develop empirical models, the availabie
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results could then be extrapolated to other untested combustion source
categories to estimate the relative magnitude of PCDD emissions from these.

Option 1 was not selected because it was felt that this option was too
narrow in scope. The literature review indicated that only 15 or so source
categories had been tested out of the potentially hundreds of combustion
source categories and subcategories. One of the objectives of the Tier 4
study was to better define the nature of the problem. In addition, a
detailed study of several incinerators has been or is being conducted to
ascertain how PCDD emissions from these sources can be minimized. Instead
of duplicating this ongoing effort, the Tier 4 resources could be better
allocated,

Option 2 was not selected because it was too broad in scope. OQOption 3
was not selected because insufficient emissions information and source
information are currently available to develop a model. The available data
in the literature are very scanty and, in addition, the data were taken with
various methods and at various levels of accuracy. Oevelopment of an
empirical model that covered the range of combustion sources would require
extensive sampling and data gathering at multiple sources and would require
more resources that are currently available.

5.1 SELECTION OF NUMBER AND TYPE OF SAMPLES TO BE COLLECTED
5.1.1 Stack Testing
The Tier 4 stack testing program will use the EPA/ASME protocol

developed Tast January. This'protocol is based on a modified Method 5 train
and includes continuous monitoring of various stack parameters. A summary
of the EPA/ASME protocol is shown in Table 5-1. This has been used to
develop a preliminary cost estimate for sampling at a particulate site.
Depending on the number of sampling trains used and the complexity of the
test site, the cost per source tested will range between 370,000 and
$130,000. The following documents the costs and assumptions required for
five sampling scenarios.

Assumgtions

1. Three samples will be collected during a l-week test period (on-site).
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TABLE 5-1. SUMMARY OF DRAFT EPA/ASME PROTOCOL AND COST ESTIMATES
FOR SAMPLE COLLECTION

Sampling procedures will be based on the draft EPA/ASME protocol
requirements.

- Three separate test runs
- Sample quantities will allow for initial analysis and archived
samples
- Each source will be tested and includes the following samples:
- total gaseous and particulate stack emissions
- inlet/outlet of control devices
- grab samples of feed/fuel
- bottom ash grab samples
- ash or siurry from control devices
- Precombustion air
- Quench water effluent
- Soil

Standard EPA Method 5 train, modified to incorporate a sorbent module
containing XAD-2.

Emissions characterization.

- Stack temperature

- Moisture content

- C02, co

- 02, NOx, TYHC, SOx, Opacity
- Total particulates

Continuous monitoring

Estimated Costs

- Estimated sampling costs: $70,000 - $130,000
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10.

11.

12.

Three weeks are required for each test site. The full crew will not be
on-site the entire 3 weeks.

The site is "test ready", with sample ports, power, and scaffolding
present,

There will be two categories of sites {(Table 5-2):

Simple - no control devices;

Complex - control devices present.

Three tests will be run per site. These will be approximately 8-hour
tests. If the site is complex, that will include six actual modified
method 5 trains (3 inlet, 3 outlet).

The testing must be limited to 8 hours. Since there is no guarantee
that PCDD's will be present, bounds must be established in the testing.
There will be one or two audits over the complete testing period. The
cost is amortized over the complete program.

Van cleanup is amortized over the complete program.

There are two types of reports costed: only a Tisting of test data with
discussion, or a complete report including the analytical results.

The resin trays, filters, and filter holder used in the Method 5 train
will have to be sent to the appropriate analytical laboratory. Their
return during the program for reuse is unlikely. The cost of
replacement trays are included as part of the testing costs.

If furan samples are to be archived, two trains must be run
simultaneously at each sampling point.

Cost scenarios include:

labor;

travel;

per diem;

supplies;

shipping; and

-+ M QO O O
L I D e e e

miscellaneous (extra glassware, etc.).
Based on these assumptions, five caost scenarios. have been developed.

Table 5-3 presents the costs and descriptions of the scenarios. Given the

testing budget, 10 sources can be tested. Obviously, this number of tests
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TABLE 5-2. COMPLEX/SIMPLE SITE COMPARISON

Complex Simple
Modified Method 5 trains 3 inlet 3 outlet
3 outlet
Personnel on-site 7 5
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TABLE 5-3. COST SCENARIOS

Scenario Cost Remarks

1 70,000 Simple site, report is listing of data

2 77,000 Complex site, report is listing of data

3 85,000 Simple site, complete report including
sampling and analytical results.

4 90,000 Complex site, complete report including
sampling and analytical results.

5 130,000 Complex site, double trains, complete

report including sampling and
analytical results.
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would be inadequate to characterize all of the combustion source categories
on the ranked listed. In addition, there is marked uncertainty with the
absolute ranking results discussed earlier since the ranking procedures are
largely subjective.

5.1.2 Ash Screening

A tool to screen source categories during the Tier 4 program would be
very beneficial to prevent wasting of 1imited resources. Because of the
tight schedule, limited budget, and large number of combustion source
categories and subcategories, any screening technique would need to be quick
to perform, inexpensive, applicable to many sources, and would need to be a
responsible indicator of TCDD emissions from a source category.

Unfortunately, there are no proven screening techniques that can be
used to estimate TCDD emissions from combustion sources. Two screening
methods have been considered. These are (1) a PCDD precursor scan and PCDD
scan of the fuel, and (2) a PCDD scan of ash samples. The fuel analysis
method has several problems. Although fuel analysis is considered during
ranking of source categories and is discussed at length in the Titerature
review, this method does not consider the combustion conditions of the
source. In addition, fuels are often heterogeneous and difficult to handle.
On the other hand, ash analysis may have some merit as a screening tool and
as an indicator of those source categories which should be stack tested
using the EPA/ASME protocol. The following paragraphs discuss the validity
of using ash screening instead of the stack testing.

Use of ash samples for screening of combustion sources has several
advantages. These include:

(1) There is usually a significant quantity of easily accessible ash
in the hoppers of the control devices on combustion sources.

(2) The ash is usually homogeneous and can be readily extracted
without a lot of preparation work.

(3) Taking of ash samples does not require a lot of sampling
equipment.,

(4) Ash supplies can be shipped easily.

(5) An ash sample can be screened for PCDD's for $500-1,000.
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There are several disadvantages to using ash sampies. These include:

(1) The dioxin in the ash is not a true indicator of the dioxin
emitted in the flue gas. One study has shown that PCDD's can be enriched on
smaller particles.57 A Tlarge portion of the small particles is not captured
by the control device but are emitted from the source. Another study showed
that there was selective partitioning of homologs between the flue gas and
the particulate matter (fly ash and bottom ash).22 In particular, TCDD's
concentrated in the flue gas while the higher chlorinated homologs
concentrated in the ash particulates.

(2) Absence of TCDD's in the ash samples does not jndicate absence of
TCOD's in the flue gas. Table 5-4 shows flue gas and fly ash analyses for
several MWC's where both types of samples were taken. The data do indicate
that PCDD ash analysis could be"used as an relative indicator of the
presence of TCDD emissions. However, the data trends show that the PCDD
data could not be used for estimating TCDD emission rates from the sources
screened.

Despite the above mentioned disadvantages, ash sampling and analysis
will be useful in the ranking process for combustion sources. However, to
get maximum utitity from the ash sampling and analysis, some additional
source data should be obtained at the same time as the ash sample is
collected. For example, source characteristics that should be collected
include fuel type and degree of processing, the combustion conditions, and
control device specifications including inlet and outlet temperatures so
that a thermal history of the ash can be ascertained.

5.2 NUMBER OF SOURCES TO BE TESTED IN A PARTICULAR CATEGORY

The number of sources to be tested within a source category should
depend upon several factors including the intent of the testing, the number
of sources previously tested, and the budget. Preliminary calculations were
made to estimate how many sources within a source category would be needed
to statistically characterize the average emissions from the source category
within a given confidence interval,
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TABLE 5-4, COMPARISONS OF FLUE.GAS AND ESP ASH DIOXIN CONTENTS
Stack (ng/m3) ESP Ash{ppb)

Reference TCDD PCDD TCDD PCDD
43 (U.S.A.) 240 2,300 170 800
24 (Italy #2) 189.2 48,997 0.25 599.8
24 (Italy #4) 70.9 4,409 46.4 3,535
86 (9 facilities) 57 1,540 93 2,056
49 (U.S.A.) 20.14 - 7.3 -
24 (Italy #3) 19 7,509 ND 7.32
24 (Italy #6) 19 587.8 ND 5.9
24 (Italy #5) 9.9 1,030 0.7 - 0.9
44 (Chicago) 6.3 45.4 ND ND
114 (Ames) ND ND ND ND

* Furnace Ash

ND= None detected
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he MWC source category was chosen as an example since there are a
The

of source tests for this category, and something is known about the
r 3 -
e n characteristics. Appendix B illustrates the calculations made.

sopulatio L )
' show that to statistically characterize the MWC source

alculations

e © th a 95 percent confidence interval, 14-39 tests would be

category ¥1

required- _
in the calculations.,

dropped from the calculations. The MWC with the high valve (240 ng/m
are

Hac undergone modifications and is being retested. The MWC with the Tow
" ND) was fired with refused derived fuel and coal. Assuming

Thirty-nine tests are required if all six previous tests are used

Fourteen tests are required if the high and Tow valves
%)

vyalve (
$100,000 per source test, the entire Tier 4 budget would be used up on one

source category.

A reasonable number of source tests and screens should be performed
4ith each source category to enable an estimate of the mean emissions to be
sade. The confidence intervals around these mean emissions should be fairly
arrow to allow comparison between source categories. The confidence

interval around a mean is given by:
- gy 9
x s € (15 )2

The size of the confidence interval, therefore, varies with the size of the

sample (n) and the value of the t statistic. The size of the t value varies
aith the degrees of freedom {number of samples -1) and the confidence level

chosen. Some example values of the t statistic are shown below.

t Statistic

fumber of Samples 95% C.I. 90% C.I.
2 12.706 6.314
3 4,303 2.920
4 3.182 2.353
> 1.96 2.645
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Inspection of this table shows that beyond three samples, there are
diminishing returns. Similarly, the effects of 1/[;- diminish beyond n=3,
For these reasons, a sample size of three was suggested as optimal for the
purpose of this study. Based on the Tier 4 budget and the number of source
categories considered, three source tests per source category is considered
practical.

5.3 SELECTION OF THE SOURCE TEST PLAN

Several options were initially considered for the source test pian.
These are shown in Table 5-5. These include (1) compiete coverage (3 tests)
of all listed sources, (2) broad coverage of all listed source categories,
and (3) a recommended plan. Option 1 is not acceptable due to budget
restraints. Option 2 does not provide any statistical significance for the
results. Following review by the Tier 4 Working Group and after considering
comments by the various regions, Option 3 was recommended along with ash
screening.

The recommended test plan including ash screening is shown in
Table 5-6. The testing weuld be phased. Complete stack tests would be
initiated in 1984 for sewage sliudge incinerators, black liquor boilers, and
commercial boilers cofiring wastes. A portion of the testing budget would
be set aside for screening of the remaining B and C ranked scurces and other
source categories recommended by the regions.

Three screening samples would be taken from each source under
consideration, and a total of three sources within a source category would
be sampled. Analysis of the samples (PCDD scan) could be conducted for
$500-1,000 each, and therefore 10-20 source categories (9 samples each)
could be screened for the cost of one complete stack test.

Early in the testing program, State and regional offices will be asked
to collect ash samples and source information from facilities selected for
screening. Results of the screening test will be used to determine which of
the Rank B or C sources warrant stack testing. Other sources suggested by
State or regional offices with high PCDD levels in the ash will also be
considered for stack testing.
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TABLE 5-5. SOURCE TEST PLAN OPTIONS FOR STACK EMISSIONS

Number of Recommended Tests
Source Option 1 Option 2 Option 3

Rank A Sources

Sewage Sludge Incinerator 2 1 2
Black Liquor Boilers 3 1

Commercial Boilers 3 1
Rank B Sources

PCP Sludge Incinerator 2 1

Carbon Regeneration (Industrial) 2 1

Charcoal Manufacturing 3 1

Wire Reciamation 2 1
Rank C Sources

Mobile Sources 2 1 2
Wood Stoves 3 i

Wood Boilers {PCP Treated) 3 0

Small Spreader Stoker Coal Boiler 3 0

Hazardous Waste Incineration 1 0

Lime/Cement Kiins (HW) 2 0

Rank D Sources

MSW Incineration** 1 1 1
Industrial Boilers Cofiring Wastes 0 0 0
TOTAL 32 10 10

Option 1: Three test coverage of potential source categories.
Option 2: Single source coverage of potential source categories.
Option 3: Recommended stack test plan, focused on source categories with
greatest potential.
*
$10K - allocated to EPA Environmental Science Research Laboratory in
. Research Triangle Park for emissions testing.

Retest Hempstead.
63




TABLE 5-6. PHASED SOURCE TEST PLAN FOR STACK EMISSIONS
INCLUDING ASH SCREENING

Source

Number of Recommended Tests Number
1984 1985 Screened

Rank A Sources

Sewage Sludge Incinerator
Black Liquor Boilers
Commercial Boilers

Rank B Sources

PCP Sludge Incinerator

Carbon Regeneration (Industrial)
Charcoal Manufacturing

Wire Reclamation

Rank € Sources

Mobile Sources

Wood Stoves

Wood Boilers (PCP Treated)

Small Spreader Stoker Coal Boiler
Hazardous Waste Incineration
Lime/Cement Kilns (HW)

Rank D Sources

MSW Incinerationb
Industrial Boilers Cofiring Wastes
Other Categoriesd

W W W W

2-3 30

ao o

10K - allocated to EPA Environmental Research Laboratory for emissions

testing.
Retest Hempstead.

Expand sampling and analysis of IERL Cincinnati spreader stoker test..

Identified by screening, these cou

1d include categories listed in the

table, or categories chosen by the States having the highest PCDD ash

screening values.,
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A small spreader stoker is being tested in the near future by IERL.
This test effort could be readily expanded to inciude PCDD sampling and
analysis. This source category is included in the recommended plan. In
addition, approximately $10,000 has been allocated to EPA Environmental
science Laboratory in Research Triangle Park to obtain samples for PCDD
analysis of mobile sources.

5.4 SELECTION OF TYPES OF SAMPLES AND ANALYSIS
The intent of the source testing is not only to provide an estimate of
the amount of 2,3,7,8-TCDD emissions from a given source, but is also to
gather additional data about the source to determine if PCDD emitted from
the source has contaminated its surroundings., In addition to stack samples,
water and soil samples will be cotlected. Ash samples will also be
collected and used to determine the levels of TCDD's in the solid wastes.
Comparison of the ash analyses to the flue gas analyses will allow the
validity of the ash screening tool to be checked. Table 5-7 summarizes the
types of sampies and analyses recommended for each source test.
The analyses of these samples will inciude the tetra and above dioxin
homologs as well as 2,3,7,8-TCDD. Analysis for furans homologs is also
included. Sufficient sample will be taken to aliow archiving of samples for
future PCDF analysis when additional resources become available. The ‘ édéﬁ/
fuel/feed samples will also be analyzed for PCB's, total organic ch]orineé‘r”EmJL%f
chlorinated phenols, and chlorinated benzenes, since these compounds may be C)QSAA”
precursors of PCDD's.
Input Samples. Precombustion air will be sampied at sources where air
contamination may be a factor in stack emissions. Heavily industrialized
areas may have high concentrations of precursors or dioxin in the background
air. For example, when testing a PCP sludge incinerator located at a wood
preserving facility, precombustion air should be analyzed for chlorinated
phenois. The decision to test precombustion air will be made during a
pretest survey. If collected, precombustion air samples will be analyzed
for PCOD's, PCB's, chlorinated phenols, chlorinated benzenes, and total
organic chlorine (T0C1).
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i TABLE 5-7. RECOMMENDED SAMPLING AND ANALYSES
Sample Me thod Recomiended Recunmended Analyses Total Samplesa
(Samples/bay) for Amalysis
Inputs
Preconbustion Afr XAD-2 0-1° 2,3,7,8-TCDD, Homologs, PCBs, TOCL, b
Ci-phenols, Cl-Benzenes c
Feed/Fuel Grab (every 4 hours) Daily Composite PCDD Scan, Cl-phenols, Cli-benzenes J
PCBs, TOCL
Outputs
Stack (before control) MM5T 2 trains 2,3,7,8-TC0D, Homologs 6
~-Back half daily conposite
-Condenser rinse
-Adsorbent resin
~-Front half daily composite
-cyclone catch
~filter
-probe rinse
Stack {after control) MMET 2 trains 2,3,7,8-TCLD, Honologs 6
-fack half daily camposite
-Condenser rinse
-Adsorbent resin
-Front half daily composite
-filLer catch
-probe rinse
Bottom Ash Grab (every 4 hours) Daily Composite 2,3,7,8-TCDD, Homologs 3
Ash from Control Davice Grab (every 4 hours) Daily Composite 2,3,7,8-TCDD, Homologs 3
Quench Water Effiuent Grab (every 4 hours) Daily Composite 2,3,7,8-TC0D, Homologs 3
Other
Soil Boring 1 Composite 2,3,7,8-1C0D, Homologs 1
TOTAL 26

3Based on 3 sampling days.

Sample to be collected {f there is a source of precursors in area.

Chnatuain e canbUr e .
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During stack testing, fuel/feed samples will be collected every four
hours and composited daily. These samples will be analyzed for total
pCDD's, chlorinated phenols, chlorinated benzenes, PCB's, and TOC1. The
sampling contractor will be responsible for analyzing the sample.

Qutput Samples. Stack samples will be taken before and after control
devices. The stacks will be sampled using the EPA/ASME sampling protocol
with an EPA modified Method 5 train. Daily gaseous and particulate samples
will be composited separately., Grab samples of control device ash, bottom
ash, and quench water will be collected every 4 hours and composited daily.
A1l output samples will be sent to a centralized Tlaboratory and analyzed for
2,3,7,8-TCDD, dioxin homologs (and furan homologs}.

Environmental Samples. Soil borings will be collected at the source
facility around ash handiing and fuel storage areas. Composite samples will
be sent to a centralized laboratory and analyzed for 2,3,7,8-TCDD, dioxin
homologs, and furan homologs. This data will provide some historic
information on PCDD deposition at the facility.

When a facility has been located that emits high Tevels ¢f TCDD's,
ambient air samples will be taken around the facility and at the point of
maximum piume impact. These samples will be analyzed for 2,3,7,8-TCDD,
dioxin homoiogs, and fural homologs. This data will be useful in
determining the extent of dioxin contamination and in risk assessments.

5.5 TIER 4 FINAL REPORT

At the conclusion of the Tier 4 testing program, OAQPS will submit a
final report to the Dioxin Task Force and to Congress. Table 5-8 presents a
recommended outline for the Tier 4 final report. This report will summarize
the literature review and results of the testing program and recommend
options to reduce the emissions of PCOD's from combustion sources.
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III.

IV,

VI.

VII.

VIII.

TABLE 5-8, TIER 4 FINAL REPORT OUTLINE

Executive Summary
Recommendations t

Introduction

A.  Background :
B. Objectives
C. Methodology

Literature Survey

. Summary of Available Data
Postulated Formation Mechanisms
Factors Effecting Dioxin Emissions
. Risk Assessments

Planned or Ongoing Work

Moo W

Tier 4 Testing Program

. Source Test Plan

Screening Test Results

Stack Test Results

Data Evaluation

1, New ranked list

2. Factors effecting dioxin emissions
3. Validity of screening tests

oOoOwmX

Risk Assessment

A. Review of Sampling and Analysis Methodology
B. Worse Case Risk Assessment

Minimizing Risk

A. Evaluation of Control Devices
B. Operation and Maintenance Procedures

Data Gaps
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6.0 MODELING PCDD EMISSIONS FROM COMBUSTION SOURCES

During the development of the Tier 4 testing program, two modeling
tasks were proposed. The first task was to use a standard gaussian
dispersion model to determine the relative impact of generic source groups.
The second proposed task was to develop a mechanistic model to determine
operational parameters that affect dioxin emissions and to predict worse
case sources. The following two sections present discussions relevant to
these tasks.

6.1 DISPERSION MODELING OF GENERIC SOURCE GROUPS

The original proposed task involved the use of a standard gaussian
dispersion model to calculate maximum ambient 2,3,7,8-TCOD hourly
concentrations resulting from combustion source emissions. These models
were to be run with "constructed" source strengths and generic source
groups. This analysis would be for the purpose of establishing relative
source impacts and priority determinations relative to some sensitivity
level. This task was to be done only if sufficient data was available,

Several problems arise when extrapolating results from generic source
group modeling to specific combustion sources. First of all, generic groups
would be based on source characteristics such as stack height, gas flow
rate, gas temperature, source density, and source geometry. Characteristics
used to group sources identified in the literature include combustion
conditions and fuel composition. The variability in modeling parameters of
sources identified in Section 4.0 would produce vague modeling results,

In addition, "constructed" source strengths would have to show the
variability within a source category and the variability within a single
source, For example, the Tevels of TCDD's detected in six MWCs in the U. S.
range from ND to 240 ng/m3. Other tested sources do not have enough data to
pravide an accurate range of emissions. Variability from day to day at a
single source would depend on several factors including fuel composition and
Operation conditions and would be expected to be large. There is

insufficient data to provide statistically sound emissions data base for a
modeling effort.
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Finally, results of dispersion modeling are very sensitive to modeling
parameters. Gschwandtner et al discuss the sensitivity of three models
(PAL, RAM, and ISC-ST) to variations in receptor grid spacing, emissions
release height, area source size, and source type.2 Each of these
parameters was varied, while other modeling parameters were held constant.

Figure 6-~1 illustrates the affects stack height. Changes of 20-30 feet
will change the location of the point of maximum impact and will change the
TCDD concentration at this point. Differences between models depends on how
each model calculates wind speed as a function of height and whether or not
the stack is above the wind speed measurement height.

Figure 6-2a shows the effect of area source size or maximum
concentrations using PAL. Point source emissions produce the maximum plume
impact. Figure 6-2b shows significantly different results for the RAM
model. In this case, the area source produces the greatest impact. This is
because the RAM model assumes no pollution dispersion in the crosswind
direction. This model should never be used to model an area source as a
point source.

As shown in the previous discussion, generic groupiﬁg and constructed
source strengths would produce unreliable modeling results. Extrapolating
these results to specific sources would prove to be useless when attempting
to establish relative source impacts.

6.2 EMPIRICAL MECHANISTIC MODELING OF PCDD EMISSIONS
[To be provided later]
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Figure 6-1. Effects of stack height on plume dispersion204
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KEY TO ABBREVIATIONS

References listed with "*" are not cleared for public use.

dscm = Ory Standard Cubic Meter

ESP = Electrostatic Precipitator

FA = Fly Ash

FG = Flue Gas

g = Gram

GC = Gas Chromatography

GBS = Grab Sample

HRGC = High Resolution Gas Chromatography
HRMS = High Resolution Mass Spectrophotometry
M3 = Cubic Meter :

MMST = Modified Method 5 Train

MS = Mass Spectrophotomer

N/A = Not Available

ND = None Detected

ng = Nanogram

NM3 = Normal Cubic Meter

ppb = Parts Per Billion

ppm = Parts Per Million

ppr = Parts per Trillion

Mg = Micrograms

Data Rating:

Good (G): FG Sampling by MM5T (or similar train), and analysis by GC/MS, and
complete data.
Poor (P): Inappropriate sampling or analysis methodology.
Incomplete (I): Incomplete data on methodology. Lack of detection 1imits
when ND is recorded. ;
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'3 ik R d.8 ooe L gseg Ind, Qi é
iz ex FULF 4.3 aon NI beeg Iad. Gi 11
o §.¢ g5 R 4,15 pre NR Hestz Haozd ,
i {.5 go Lt i hia hzste doxd *
o o4 orzned Z,5.7,8 Tl ] %iA Bzsts Reood )
2 Sur 0R0RS TebE 40,3 ngfed 3% - 47 ngend Wasts apsd ﬁ
a2 4.4 g/R3 phK 73,5 ngizl T2 - 75 ngial Ezgts Wooe }
i &, 02 ezt 2.3.7,8 TIBD b %74 Hazie Yzod i
et .07 pot z26] 1.5 pph 38 - &5 oz ¥asts Hcag !
2 1630 ngiel 2053 K KiA £-5aivents !
o 1000 posald FI00 KE N/ fi-haste il
o2 028 agias =CEp NE N/a Li-Easte:
2 1¢ ngse3 BLIL/FAET K3 A FF / scrap wood )
i 1.¥ ns.g 723l KB Kid POR i sgraz wzid
£ L.42 ngig TooF 3] Kik PR f grrap weo )
i .4 ngie POLE 30% no/g NE 0P j scrap wozd :
pi 5,73 rolg Sh 18.2 ng/y uIh PCP / scrap wacd
K ¢.2 0373 TCoD 2.3 agig LB - 3.4 ngfg PLP / szrzr wacd
s 0.3 ngig TCOF 3.7 neig 1.2 -7 ng/g PC¥ ] scrap wocs
ot} S.0nedg #LoE 209 ryig 38,5 - £33,4 ng/y PP / scrap wacd
= S.5ongig sCoF Fi.! acig 37,8 - 12,4 ngfg PIP 7 scrap wosd
3 $.5oph Toon NB NI gas and tars
3 N/E H4ZLD 7.8 pab 1-20 rpk gas and tars
ik K& H7CLD 1 ppt 37 - 140 pob tas ang tars
o NI s 306 pob £30 - 440 npo gas ang tars
k5 Nid 027,88 7I0B ST pob ND - 110 e tars, SH, gas
3 N/A 7230 T74S pab 3310 - 13000 potk tars, 28, gas
3 N/& H850E 21325 pob 1300 - 55000 528 tars, Sd, gas
3! R/E H7lo0 164730 p2 2900 - S10000 2k tare, 5K, gas
i Kb acak 253000 ppb 3000 - 810060 ppy  tars, SH, gas
, i .0 opoh 2,3,7,8 TLOD Np K8 tars, S, zac
k¥ 3.0 ppb TCID Np N/ tars, SW, gas
3! $.5 nps Ralll ] Nt - 5.0 ppt tars, SH, gas
i NFR H7CHD 32 pek &,0 - 1100 ook tars, S, gzas
i N/ geoe 234,8 pph 7.0 - 950.0 p2b tars, S, gas
o Nia o] 250C ppb /4 tars, S, gas
k4] N/ HA2DD 3406 ppb M4 tars, SN, gas
i N H7CBD 25000 peh Nk tars, SH, gas
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i1 K16 acm 1200 pph KA tars, 5¥, gas

8,08 - L0 acike PLOR/FCDF ND K7k Spiked Haste £il

% 0% -~ 3,1 ugiald PCED NG N/ Spiked Waste Qil

39 §oi0 ugied Te0F KE K/A Sgiked Haste Oil

83 0.3 - 3. ug/ad roOF 1.3 ug/ad N/4 Spiked Waste Qil

87,04 - 3.¢ aglkg BLOD/PLIF b Nid Spikes Haste 0i

£¢ .05 - 4,5 ug/al FIOE 2,48 ug/nd 0,43 - 4.5 ug’2l  Spiked Haste &il

39 0.0 ug/ed i ND N/& Spiked Kaste Di}

0¥ §.05 - 2.6 ua/al pcLF 6,78 ug/al 0,85 - 0,85 ug/el  Spiked Naste 0il '
2 5,08 ug’el TIOF MD NiA Spiked aste Qi} :
83 .04 - 2.0 ag/ikg PLID/PIEF L] N/& Spikad Xaste 0il

85,95 - 3.1 wpial 5COE .32 ug/ald ND - 1,6 ug/al Spiked Haste il
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TDILTRT IREIRINE hAITIC
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3% Iiank FZ Ll A Soshlet/Methvieas Lhigride gorx
¥35 0 IEzsg £5 L Sexhlet Methvlens Chingrids ES )
$27 Stedi 3 Wil ! Jouklet Methvliene Chicride aerme
33T meme- Fess i3 ) SoxhletiMathviane Dhierids 80N
S A £z MRzT £ Triais ScxbletMethvlene Lhiaride S
 RET FT uazY & Trigls Scuhiet/Hetnviane Chizsrige sLims
33T Sz F2 MaCT & Triziz Sozhiot/Hethyviene Chieride go/MS
¥27 Firs Tuos ] s 3 Trials Sayniet/Mathylane Lhiaride Zo-MsS
$3% Sire Tuls rR ! 3 Triais Souhipt/Methylene Thiorics ]
#3% Firz Tuts F 23 I Trials Sozhiet/Mothyieng Chicride so/us
£3% Fire Tube FA ] I Triais Sgxhiet/Methylene Chizride gosEz
$37 me=e- Feed < ¢ Trials Soxhiet/Heinyiens Cnloride go/us
1% ¢ c2 & Trialz Sauhlat ‘Methvipne Chigric iz
238 ¢ T2 £ irials Sorhigi/iednyleng Chierids isfd i)
$3¢ 3 =z £ Trizie Soxhizi/Metnvliens Chlorige goiME
333 meee- fzas gt i Trizie Szxhigd/Methviene Chigride BC/NS
£312 Eheck F3 rh § Trialz 5 ozhiet/Methviene Chioride gL/
¥I8 Etari F3 NMET 4 Trialz ScahieifMethylens Chlcride 8o/¥e
&E Stack TRER puey K Sezhigt/Mzthyiene Chloride gL NS
34 Bazh #sh g8 LY Scunlet/Tolulens goms
%% Bag Ast 8 /A Sesnlet/Tolulens SCiM3
%4 Zachiuza  3eh a3 N/A SgzhletfTalulene BL/MS
¢4 Bzchouze  Ash B N/ Soxzhiet/Trivlens [
¢4 Furnace bzn g3 KfA Saxhlet/Toiuiene go/Me
- €4 Fuyrnaze agh ES Kia Socxhieti/Tolulene ovs
&4 fFurnace fzh 25 N/ Spuhlet/Tolulene BC/N3
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¢ EIFERIMENTAL Pilzt 3zale Imgineraicr Traates ksod i
3 CIFERIMENTAL Fiipe Scaie iacineralsr Teaaied Fosd !
4 SXPERIMENTAL Piist Scals Incirerazor freated bizcd %
4 EXPERIMENTAL Filet Scaie incinerater Treatsd Wzzd !
4 EYPERTMENTAL Filct Scaie imcimeraior Treatad Kosd
4 EYPERIMENTAL Fileh 3zala frcinerat Treated Wocd i
§ TIPSAINENTAL Plict Scale Incinerat Treatec #ssd
4 EYPERIMENTAL Pilat Zcals inci ireated ¥ood i
i EYPERININTAL Pilat Scals Inci Treatad Hecd
i EIPIRINZNTAL Filet Scaje ! H oot
5 ZNFIRIMENTA: NI3 Gsen FirefTrazted Wass ‘:
s EXPERINMINTSL N/k fpan Fire/Tresied Wacd ;
3 EFERIMENTAL N/A Cpen Fire/Treatad Rood ?
e EiFERIMENTAL N/& fsen Fire/Trasted dosd ]
: EXPERINENTAL Nj Gpen Fire/Treatad hood
< SEFSRINENTAL N/A fgen Fire/Traatad Wocd !
5 SYFERIMENTAL N/A fpan FirefTraated docd !
3 EXPERINENTAL NA Oper FirefTreated @ocs i
s EXPESTMENTAL Nik Dpen Fira/Treated Kood i
S EIPSRIMENTAL . h/A Open Fire/Treatef Nesd
§7 EXPEIIMENTAL Quartz Mini fizpoules Trichierobenzene pyrolysis i
17 SIFERIMERTAL Quartz Mini Aapouies Trizhlerabenzens pyrelyeis g
7 EXFERIMENTAL Buartz Mini Aepouies Trichizrshenzens pyreolvsis oy
i7 CYFCEIMENTAL Guartz Mini A=poules Trichlarchenzese syrolysis
i7 SYFERTNMENTAL duartz Miri Aspsuies Trachigrebenzens pyralyvsis .
:7 SYPERIAZNTAL Buartz Mini Aacgules Trichicrehenzens pyrelysis :
7 EXSERIMENTAL Buartz Miai Aszpoules Trizhlorchanzene gyrslyszis ﬁ
i7 EXFIRIMERTAL Buart: #ini Ampoules Trichlarchenzene pyrolvsis t
17 EXPERIMENTAL Buartz Mini Aszpoules Trichiprobenzene pyrolvsis f
7 EYFERIMENTAL Guartz Mini Aagoulas Trichicrobenzane pyrolysis i
1€ EYPERIMENTRL Quartz Mini Azpoules PCB Pyrolysis {350 degreez C) i
ic SYPEAIMENTAL Buart: Mini Aapcules FLB Syraiysis {50 degraes 2) H
15 EX{PERIMENTAL Buart: Mini Aspcules PC2 Pyraivsis (850 degreez L) i
13 EXPERINENTAL - Quartz Mini Aapouias F2B Pyroiysiz (700 degraas L) ‘
2 EXPERINENTAL 3partz Mini Aappuies BLY Tyrolysis 1350 degrass §} }
i3 EIPSRINENTAL Buartz Mini Aepsules 8CB Fyrelveis (330 fzgreez ) i
13 EXPERIMINTAL Guart: Mini Aspcules PCE ?yr:é;sis {600 dagress T) !
17 SYPERIMENTAL Buartz Mini Aspoules PLY Pyrolysis {630 degrees )
15 EYPERIMENTAL Buart: Mini Asmpouies PCE Pyrolysis {700 degrees C)
9 EXPERIMENTAL Quart: Mini Ampouies PCB Pyralyeis (B3¢ degrses [}
9 EXPERINENTAL Juartz Mini Aspoules PCB Pyrolysis {550 degrees L)
19 EYPERIMEHTAL Suariz Mini Aspoules PCB Pyroiysis {300 degress L)
1% EXFERIMENTAL Buartz Mini Aapcules PCB Pyrglysis (450 degrees L@ .
{2 EXPERIMENTAL Quartz Mini Aapoules FCB Pyrolysis (700 degrees O v 4
19 EXPERIMENTAL Guart: Mini Aegoules PC3 Pyrni:siz BSQ degreec D) |
20 EYPERINMENTAL Buartz Mini Aepoulas PCE Pyrplysis i
i EXPERIMENTAL N/ Czrarat Seake
k3 SYPERINENTAL N/ Cigaretis Sacke '
ot EYCERINENTAL N/A Cigarstte Sacke
i EXPERIMENTAL N/A C:Pare‘te =gk ‘
£ EXPERINMENTAL Pilot Incineration Chlo oraghenot ! Treated Heot
iz EYPIRIMENTAL Pilct Incineration Chloroghenal Treated Ksad ‘
L] EXPERIMERTAL Filet Incimeration Chigrophene! Treated Mood i
23 EFFERINMINTAL Pilot Iacineration Chlorophenal Treatad deed O
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& KR FE KMk S Triais N/E Kt
4 KA F2 NIk 3 Triais NE N2
I ) 2] LT S Trials N/ kg
4 KR £5 LTH 3 Trials Ki4 NoA
& XA Fg N/A S Trials w14 N6
L HAA Tz Rin S Trials Ak NIk
4 Ak FE Ki4 I Trials N Nif
4 ™ £z Nig I Triais Nk N/
« KB F8 fz2 S Trials N NIk
L his by NiR 3 Triziz N/A hik
S dpen Five  Zzfus Fiiter £ Z:perisents Bzgic Eutraction 3L
S fper Firs G2k Filter £ Exparinents Basic Eviraction BL/ME
J fepx Firg  Secte Filter ¢ Experizents Basic Eeiracticn sems
S frEn Fire  Segxe iit B Eipprizent: Basiz Sxwractiae grs¥s
T 3';9.'. Firz  Iacrs it g E:};eri:en‘.s Basic Extraziicen EC/XE
. S 3 Sociz £ Zzoeriments Sasic Exrractios 8C.18
I fpen Fire Inoke g fxpe-iaents pasiz Exiraziian ECJYE
‘ 2 Gpern Firs Secie Filtar § Experinents Eaziz Extraciion 8L/
4 5 0pentire  Szzke Filier § S:zerizent: Basic Extrartion BL/ME
€ Czan Fire Zooke Filter 8 Experizents ] Bazic Erirgction grsrs
7N F3 KA 8 Benzene Tiug
17 KA Fz N/& N/ Sanzens gC/vs
TN FE KB K& Esnzene gLs¥
g NS F3 N/ Lib Eanzene aCsms
1T OR/R FS AR NA Benzenz o ]
17 Nk FE LH Nip Eenzens acius
1T NR F8 hiE Ne Benzene bt
17 N SE ] XA Benzene EC/NS
17 kit Fe Nid N/& Eenzenc SC/ms
J 7 K 2 N/A N/ Bsnzens BC/MS
1T kiR F3 NGB NA 3enzene/Hexane 8C/ug
1= kiR Fe Kid N/A Benzenz/Hexzane 8C/¥3S
13 LA 8 MR Nk Benzena/Hexane gC/ME
5 W& &3 N/& N/& SenzeneiHexane gCsms
13 L FE NiR Nk Benyene /Hexane EC/uC
15 N2 Fa N/ K/R Senzene/Hezane £C/¥3
3 K/t FS N/R K/8 Benzeng/Hezane s
19 W& FE N/& ¥ Benzens/Kerans BL/MS
19 WAk F3 KB N/A Benzene/Hexane go/Ms
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Benzene/Hexane £/%s

12 N/A £5 N8 N/A Benzene/Hexzne go/MS
1% 7Nt 3] N/B NZ& Benzone Hexane EC/NS
19 N; FB N/A N/ Benzene/Hexane /M
19 MR F2 N7& Kid Benzene/Hexane BC/MS
18 Nt F§ N/A N/A Benzepe/texane BZ/ME
24 L] 21 N/# NA Benzene go/Me
3t NAA .78 FILTER 2 Tests Hexare BL/XS
I NA SHEES FILTES 2 Tests Yexane 807N
It N SEDKE FILIER 2 Tests Hex3ne BC/NE
N 4 FILTER I Tests Hexane g2/m5
i e Feed ] I Tests Scxhlet/Eanzane Magc Frag.
e ree: E3 S Yests Soxnist/Eenzane Mass Fraz.
i 3t & F=  Blass Hool < Tests Soxhiet/Benzene Mass Frag,
i 32 H/A . F3  8lass Hesl 3 Tesis Saxhiet/Benzang Basg Fracg.




O 1h LY E0 L ey A Fe B e b e 1 n Pe g

S I B S N = Pl

aad ved g =l

=

[ I T T =

LT BN B )

e
<0

£ 4 .0

«0) Wy A

b b Pm ps Boh pa R pea B o

[ I
O D Y MDD W O WD

L~

€ Led A
e b el

k)
"
1

i

]
~4
-4

[ %4
-
)
s
-

i

»

TE]

L4

K&

L

H/A

KA

Nig
{.3-C.1 eglinject,
£,3-0.4 egiinject,
0,3-¢.. eg/injsct,
8.2-0.1 zg/iniect,
0.3-0.1 2gfinjact,
0.3-0,1 eg’inject.
£,3-0.1 zglinject.
8,7-0.1 agfipjact,
$.3-0.1 agfizject,
2.3-0.¢ agfinjact,

Na
Nra
LI
N/a
Nit
LH
L
N4
NiA
N/§
N/&
N/R
N/a
N/a
N/&
NS
1¢ pg/cigaratte
N'a
N/&
Nig
N/
Nid
ki

N4

H&Cld
¥7C0D

i
TCOF
TC0F
TCOF
TCH!
TCOF
T2IF
TCOF
TCOF
TCOF
enF
bl

-
L

3

-

A

3 3
n

— —
3
[ ]
"

TCOF
TCoF
PCOF
TCDD

45030
47CTD

geio
720D
PEDD
TE0R
ecie

—

Lo Tl D% B N )

0, !

ewwiimit w 1)

.Gz ugfg fead
4.7 ugfg fa3d
3.92 vyfo teed
1.72 uzfg feed
£.32 ugdg dzed
S3.% uglg fexd
77.8 ug/z fead
Z4.4 us/g feed
45.5 ugig fosd
k2

b
m
m
(=9

1.4 agikg §

= ar
o 2

ND
N
2g/kg feed
agfig fesd
ag/kg feed
ag/ke fead
NG -
830 ugig fees
2200 ug/g feed
1140 ug/g foed
100 ug/g feed
S
80 ug/g
40 ugig fead
ND

H
ol
[ 29

w

-
o LN
&3 O

Y
3

0.25%
0.02 1
€0.02 2

0.31
.32

9.3% ~ sevaral I

ND
4,2 pg/cizarett
s 9.0 pg/cigarett
2 pg/rigarettie
G.7 ug/g ieed
11 ugfg ‘eed
8%.5 ug/g feed

131.2 ug/g fzad

-

T
¢ gL
E ug!
$ug
ELLRS
80 u
i3
L5 ]

as

£

(/]
N
N:&
N7&
N/A
L H
N/&
N/8
K4
N/A
NAA
N/A
Y
N/&
b
N/
N/Q
N/A
N/A
K/
N/A
N/
N/&
N/A
kiR
N/R
X/A
N/A
N4
N4
A
N/&
N/ A

w m

m
[A I AN

Yy
T .
m e WD
m :U By €2 g)
v

W
L S 4N

n

=¥
m
nw
o

25/kg “eesd
29/kg feed

- o
PR T T LR T a
JLRGiSYapaant.ets

T lewanb 1.4

1.'.:.‘..;..-.'.:,'.‘;;2.‘«:. €
Sevpemblimpnnizanlar
iSei Ratter: wptili.wa

-

. Iy s

ietrachiercghansia
a

Teira

Tetrazhisroshencia

ig
el 1 ad
rgirahiorIsnensial

Dy
-
a
hd -
—f -

~

asq =l e

-
-

-
—

-4

-
-

-
-

-

ra +D na_!o [IS > I 2N g L]
I b e K e b e
- -
1 LN O e LN A a En en
el

ta
-

)

L4

richlorsbenzere
hlcrobenzane

Trizhis=chenzene
Tric

richlcrcbenzene
Trichigrohenzane
Trichlorcsenzene
Trizhigrobanzane
Trichiorchenzeone
Trichlorobenzens

23527 4° 5 Hexachlorabiphanyl

24527 ¥ S*4euachlorekiphany!

2852747 Ehexachlorchighenyl

2452745 Hevazkiarzisheny!

T80 473 Maxachlerobinkenyl

Ly "=
.:'\a 5515.’ 1--‘

drczizr 1254

firsclor 1234

Aracior 1233

Arezlor $234
2447° 45" Hexachlorchiphenyl
2482747 ' Hanazhlorchipheny!
24627 4 S7Hexachiorohiphenyl
24527 45" Bexaczhloratinhenyl
2442475 Hexachlcrasiphenyl

18 PCE lsgeers

Tobacca

Tebaceo

Tchaec2

Tchacro
trichloraphenalata
trichizrophenaiate

Fald

>4

1.8 - 235 ug/s feed K trighicrephensiate
.2 - 389 ug/g feed K tricnlargphenclate

webraligaa

ey

o eea e omA—e e

ey

S NI S

\ eredmeae A ke -




SITIRIMENTAL STHDIZZ
RET & ZAMPLING ORILNIIETION RATING

by )

m

fim fie
T ey
.

.
m
11
”
-
Yt gus Boa
b =]

= k=
y w
=
LA+
[}
.
u

(39
» U
Fe
m
v
.

I e b
(12 ]
=
m
e
-
T w7 NI

Lif)
o
m

3. &L
.

e T X T
1

w
1
m
[+ 9
- o EE AT NG

m

u

-~

=]

n

re

.

L
-
X
m
wn
-
o)
= ]
n
e
-

n o
i P e
s s = e

LAl
=
m

. e .
-

1
noJ

4
 H
EtA Po
HYA %p

|3
1
L7
oy
s
e,
t

R2)
=
m
[ 1
-
oW oW BT
we? ™ ue 3w g
[&]
e
-
o
m
w
-
rt *=4 pas
fo )
w

oun
x
m
[
.
Ty e Ia Xy K e Ao

w

o

i

.

©
ras Hea AR
b a3

[ 3

e e
- S

L&)

2

bt

mn
ooy

-

=

~ w

B e P

o5 .

ra

=
t

o

icn Res. Lla

143 a3 Wt
" x
w M
x
e e

o
u
(]

- 08 b $oa

ian Rzg, L3t

i il e

o

Y5 Fziistion Res. Lab
. @4 Polluticn Res. Lab
. B&& Peiiuticn Res. tab
H&h Poliution Res. Lakb
Swed. WhA Pollution fes, Lab
Swisc Tpg. Aes. Siation
Eawicg Fad, Ros, Station
Swisg Fed. Res. Staticn
Swiss red, Res. Staiicn
Swizs feg, Rag. Statien
Sxigs Fes. Ros. Etatien
Swiss Fed, Res. Station
Skise Fed. Res, Station
Swiss Feg, Res. Station
Saise Fed, Res. Statien
Sxies Fed. Res.Station
19 Swiss Fed. Res.Statien
1 Swiss red. Res.Station
19 Swigs Feg, Res.Statien
(] Swizs Fed. Res.Statice
¢ Swiss Fec. Res.Station
9 Swiss Fed, Res.Station
19 Swiss Fed. Res,.Station
'3 Swiss Feg. Res.Station
1¢ Swise Fed, Res.Station
{9 Swigs Fed. Res.Station
19 - Swiss Fed. Fes.Station
19 Suiss Fed. Res,Station

e L N en LN pe B e

g

i
c 1

3 Gy
=
m
. L oea (2,
=

~8 -l en th en t
(¥}
=
m
o,

Br pm B A B pem B s Bt pa b
B R B i By B N S |

19 Sw:35 Fed. Res.Statien
1% Swigs Fed. Kes.Stat:cn
20 Swiss Fed. Res. Statison
34 Pow Cheaicai

3 Zow Chesical

kA Dow Chemicel

3 Dow Chesical

35 Univ. of Stockhola

S H tniv, of Stcckhola

My, of Stocknale
Univ, of Stockhola

t
L

MO OmBEMHMmME NMmMWMEHOMGE MmUY MU @M oD o @ E 0 GE G G e (1 G UG " e 5t g G st 70 e ot g $og pme B0 0= 2

n
wn




~y g .

3 o (X2 oy

ot B |

3
©3

~3
L2 ¢

s teg d g
L3 U g3 112 (o L 3

—d g w g - 4
lﬂwml;l;‘l 3 & 3

~J
(2]

i
m o

vl o] ol g

23 )y 0

AW AT FurTEST

3IRIE Tem: FALILITY $2u3%z LH
SIERINENTAL Filot Incinzratisr Chigrzghens! Treatad Eood
SIPERIMINTAL Biist Ipcameravim Chigrzpherel Trastad Keod
SYPIFIAERTEL File: Izcineration Chlzmzchenpl Treated doud
EXFERINMIYTAL Filat Incinsraticn chigropransi Trazisd kaod
SYPETINZNTAL Piizt Incineration Ihiproghenal Treztes Eood
SEEEIpENTU Rilst Incineration Chlpropmenel Trested Nagsd
ZYFZIIMENTAL 2{izt Intineration Caloraphens] Trezted Hood
CYRIZIMENT fiiot Incineration Tnlsrsphangl Trested hoed
£iFe Filzt Incinsration Cricrophengl Trestes Wocd
£ips Filet Incimaration Chloroohenan! Treated Kozl
tiFE Pilet Incineratisn Chigropheng! Trazipd Heod
gize Yegetable Combustion Chesinuts

ZX2E8 Vegetzhie Cazhustion Chesztnuts

1Xes Vegstable Coabustion Ch iz

e Yegetaris feoxbusticr s s

g Ueés:ssia fozbust:an

Er? Vegetasle Combustisn

H Vegstahie Conbustion H.nosa

£ Yegatable Loabustion Mirosa

£ Yagetable Cosbustisn Fruit/Vogetakles

£ Vegetable Combustion Fruit/Vegetahles

3 Vegatable Combustion Fruit/vVegotahies
34243 Vegetable Cozbustion rruit/Yegetables
EXPER Vecetshie Cosbuction 811 Vegatables Tested
EXPER quarts 2inl ampouiaz 300 ~ A00 C

EYPLR N/A q"ar‘- tuba (850 L)
EYFE N/& quartz tube {460 C)
EXPER N/A qaar:z tube 1500 )
EXFER NA suart: tube {300 L}
EIPER N/A guartz tuzs (80¢ C)
£XPES N/A quartz tube {50 £)
EXPER K/A quartz tube (800 £
£yesg N/A guarts fuhe (£0C L)
EYPERENENT. k/A cuards tube (500 £
SYPER N/A guarts tubs (290 D)
EYPERINENTAL N/A quartz tube {£00 O}
EYPERIMENTAL N/A guar:z tube (600 L}
ZIPERIMEYTAL N/R quartz tube (500 O}
EXPERINENTAL K/A guarts fubs (499 L)

T[MENTAL N/A quartz tube {400 C)
RINENTAL N/A guarts tute (499 £}
XPER INENTAL N/A guart: tube (800
XPERINENTAL NiA guart: tube (400 €}
IMINTAL N/& quards tube {300 D)
LPTRIMENTAL Ni& quartz tube (400 ()
IFER!%ENTAL K/A quartz tube {609 €)
1
I
!

1 I}
Dnal
0
in In
]

(15 ] r"l £y n N
—
Q
n
24}

XPERTMENTAL N/A quart: tube (404 C)

BURG
>
‘o
in
x
=]
™
=

& N/A quarir tube {490 C
EYPZATMENTAL _ L H quartz tube (609 %)
EXPERINENTAL N7 : quartz tube {600 O3
EYPERTNENTAL K7d quarss tube (400 0)
EXPERIMENTAL N/A quart: tube 499 C)
ZIFERINENTAL N/4 guart: ube {606 [}
EXPERINENTAL Fluigized Bed Oven Paimbad tams

e

P T VU

s
oo



CyTmesysers 2w meoa
FTETLNSM KL S.&bWl3

(1 7]

TSIV T WY BT W = JEEN LT & §

nEF SBERLD RITRID SLHRLE kN,
5T emee- Fegsd g S Tesiz Scehistln Fra
22 eeee- Fead F] 7 Tesis Soukiet/s Frz
22 ki F£ §lasz Hzol T Tesis Scaniet/E Mass Fra
I KA F§ Slaszs ool S Tasts Savhlelt Yaes Tra
T2 emee- 313 £t Z Tesis SoxhleifE Mazz Fre
T2 me-e- Tael g3 8 Taesiz Saxhiet/s Mass Fra
I ] £z £iasz kol S Tesi: Souhiet/Eenzene Mase Frg
TN bk £izgz agal 3 Tesiz Scuklet/Eenzeane Mazz F-3
3T eem- rest EH] T Testc Sonhligi Rerzanc Mggs Fre
=R 8 Elaze dHoel g Tzsisz Scyklzt/Banrens Yige Fra
A ¥ 8 glass kel T Tasts Soxtiet/Eeazene Fazz fra
7TONA Fs K4 Ni& N/ §2/88
77 KA FS N/ NR NS gL/us
7T KA £3 NiB N4 WA )
EPE £3 A Nik L] SIS
A - R Nik A Nt gCirs
7T Kt FS ki K/& Kik siug
TONR k& N/ N/A K74 CiNS
72 N FB N3 N/R _ N/A EC/%3
7T NA ke h/d K/& K/R /M
Iz iR 13- K/ N/R N/& EL/¥z
T OKIE FE ] N/ N/A 5C/ME
7T ONE FB N4 N/& NG )
TN B NIk N/ A SC/ME
TE W17 FE N R N/4 N/A SC/%5
7 KA Feed #Wpol Trap Nik Sothist Benzene gC/ME
78 Nk Feed Moz! Trag ik Sczhiet/Benzene ECI¥S
7§ K/ Feed Kool Trap l/h Souhiet/Benzene BZ/NS

EE- R Teed Mool Trap N/ Sczhlet/Benzens gC/MS
78 & Feed Mool Trag /4 Scuhlet/Beragne 5C/ME
72 Kig Feed  Hosl Trap Nt Scuhiet/Benzene BENS
73 WA Feed &scl Trap NA Soxhlst/benzene 8C/NS
75 N/ Feed Hocl Trap N/R Sexhiet/benzene gC/ME
T N/ FE Kool Trap N/& Sexhist/Benzene gC/us
78 NN F& Mol Trap L Soxhiet/Berzene 5C.NE
78 N/A F&  MNoci Trap N/B Soxhlet/bBenzene somg
7€ N/ FE  Wooi Trap K/é Saxhlet/Banzene Stius
¥ K/& F& kol Trap N/& Sexhist/Benzene it
7 LEE FE ool Trap R/R Soxhlet/Benzene BC/ns
7 N4 FE  Baol Trag N Scxhlet/Benzene Borus

P N7 Sexhiet/Senzene BC/xS
N7 Boxnlet/Benzene go/M8
KA axhiet/Benzens g6C/Ns

b~ 31
]
I XI»

-n
<y o
- =
o a
a o
ra thed
—
v Y
n W
9 T

ECEY I

-4
€Ty ) A1 vy OO o0 (G

b -4

=~

< '

i

[F1]

-

[ =]

[ 4]

-

=1

S

[

=

LT F&  Bool Trzp - KA Soxhiet/Genzens £CHS
JEONA FE  Woel Trap KA Soxhlet/Benzene EE/N
BN F§ deal Trap k/h oxhlzt/Benzene go/me
78 N7A FE  Wosl Tra; iR Scxk.et/Benzere 8L/
78 /A FE sl Tean L] Saxhist/Benzene EoIMS
i OKR £z hoo! Trap N/R Soxhiet/Benzene EC/¥S
72 WA FE Mool Trap N/R Scxhlat/3enzene aTINE
7 K FE lze! Trap L ¥ Soxhlet/zenzene SCawe
E: I 11 F&  Woc! Trap KA ) Seuhlet/Benzens aC/HS
78 K& %8 Mool Treg N/A Scxhiet/Benzene gc/s

]

-

~

X

-0 -
x>

[21]

L3 -4

N/A N/A gosus

Aty L3 gy
- - . . » - - - .



)]
-

e5d

e wwi
P s 1
e AMAEE QA
e WpiiSdiws

.'..ic:: AR N

p =

PSS
crzohlapash
L

=
3
.8

-
3
H
3

| £-ReiN teteliiad ol il
i:-.'t-n -

amym-
cmuimit

I.

Arvmam .
nEvos <3

-
=
.

Gmer b we -ruE:

... =r 0

e
w

or
h
3
oy

Y £

ar.

N/A

5
iTace

-

’

L

Traz

N X

PLLPES

a
-

413
NA
N/a
N/&
N/A
N/2
Nk
gor
/A
LI
N/4

N/a
"

NI
L
ND
KD
ND
XD

€D

iy
0cas
T

i

-
X

k

o
L1
Nid

ve

i-

.o

-
s

-~

N/A

3 L d

L

AT,
Iy

N/a

NG

K/R

oond

[« N

-y
>

(33
(29

2+ gir
12 4 A
+ Air

nt
wa
12

Kb
/A

£on
otk

7 eeb

LI
Cele

+ Air

Coal + ¢

4
[ o ]

(=2 ]
AT

£

(TR}
<o

e
0"

r

i
1

gy

. S 3 ]
(£

(47 ]
a2

L)

L34

-
(3]
~
[ R T+
et upmg et
Qq < <& 4-
+ 4 e,
“wd
g ey ¢ L
m oyg o
o Q-
L)L)
s
I
[ 7]
L& ]
<L <}, s T
e e St ]
P - 4
T
b @
o W
“- e
o o ey
= N > ==
o o
[ =3 =1
~
« w
P e
3 o &
[ B ==}
2y €3 L)
- r. P
= <E=
£33
£ o £ CL
L 1. £l o
ppp?
e Ty P~
« o o =
== T~ R

) g O I
[ S S A

Ccal + Adr & Nali
o1

1

o

r o+ Nzl
r-X
21z
-t

Czal + Ajr 5 C12
r e

El
A

2zl + Al
Czal + Air ¢ H
Lzai ¢ 4ir + 4C
Coal + &

al ¢+ Air +

al + Af

-
Sm
-——

A
Pa
-

In
-

Nik
N/A
N7k
N/A
NFA
N

N/A

N/g

jeed

L3
/g
ng/g teed
$Y ng/g feed
290 ng/g feed
S pak

s
3

.2 ngly fead
”N;

25 ngfg feed
4 n

!

ad

-
'L

0CoE

H&CIT

HsCID
KICoD
1508
TCED
(L)
TC0D

K

0.2 ppb

©4 UY <y e gy
. & e 4 =
Lao S = B T s TP 04

e O Ty O €0,
[ S S S AT Y



CORSTTMTLY A 2TtmtID
i mirastmis ! P W maama
ooz i SimzZe TUn nEmnesameeg SETONE
LA ShiT el URTHMLIPOILL ARland

- "
i e il

rz
©

L e {o34-4

-
-
Lw
-
~
-
-

v rmismmt -
rwnliainsie

e
(3]
n

n

-y

I H

7 22 F

7z Ty ¢

) tz Sprz

3 te Fooe

=3 -3 tz Roze

7z i t5 Rooa

TE tniv pf lre:

1E Dow Chee:zal

7 Dow Chezizal
Jow Chezical
ou Theaical

53 6D TR IF) [T2 #-4 veeg #ot a-g B2 gq bk Dg B9 peg 4 4 4 g ped b FEX L5333 053 ved gy UEY €53 (DD i l‘-’!.

(L I V]
9 L O [¥)
£ ¥ ¥ K 3 X

Cheaical
Chegize
Chesica
Dow Chegizal
Bow Cheniz
Bow Cnecic
Chesical
Dou Chemical
Lhegical
s Chegical
v Chezical
Chepica:
Chazical
Chezical
Chemiza!l
Bow Chemicai
Dow Chegicza!
Dos Chemical
Bow Cheaizal
Dow Chesical
Chezical
vew Cheeizal

W Chanicsl

©
Tma St

vt} 3 L) ) .2
oy X3 a9 N O 12) ¢

[

v
s
.

et

e I e B B e
Qe Moo 00 ) G (o (O
= o T [~ [
I:)uDg,l"-ll:l %]
& X ¥ ¥ ¥ x L 3
fu m
o Bwe G B

wy €

et B e I
¥ v
=
()
u

g

- . - -
w0wi o Oy :ﬂ L o aQ
-]

[=]

x

a,:nnamnraru;mlnu:mmmmlumn)mn;mmmcnu:g

[13]
py ]

A-50




[Pre—

WM AR R o oW o e oy W U o W I I W e W g U W A0 i W0 an i gy W n

LS oL 2 I T L L LI BT S BEET Y Je) 1t el pe e et el cnd el et S et 0 gl ted el il et R el el agq 18 e

[TIO U BT B 1] (U] LT T, I VIO T Y T L O T O L T I L I L T I L T T T T Y

Sen SR el Beo j-o. See Da. P Dee Bea Bee e Tea D Ded D I $4s Del e Dma Dl Zae Dee Bea el Bl e me

. Pul @40 meg med e - Pad gt #u ) awg el #=0 pwq o8 e o er el g et gl v el M4 ] e=0 pa g eed pad

[ [T & B ¥ ] (4] £ 3 W 4 % ¢7 £ 0 W o) 0 O o0 o0naog0anona

€£.) | . ba Ao Bl [ L S L T T Ve T T T Y [ TS | T PO VO Y [ T T v

il I 2 Dee Tel ae Dam, De. e Ske Dee Pen el Zeo o DR S See Jal ke Tl e Im, Bee Skl Bee Sm.

o’ Q. KL da. WL ), a. ha f), 2. g1, O. W, . @, . 9y, O. . UL . D ol O L O, e O. Al WL,
<L

WK A M U o W a (] W oy @ g W W oW Q) WM WGy W oo Wop s oo @ W

[ - Y I Y Y R I ] Rl D i L L Y L L A N R L e Y B X e " "L~ S B W R W )

W e wm WM ) M o W Mmoo ) M o Y g ) o G D T o 40 iy M ™ Al Qe 6] M

irl L 6 o 60 6l €T €2 LT ot £ k! £ OEs S 07 Loer €T fn $2 IS T gL % pl & ¢ g5 ¢S = (3 8o g2 & gt Wl o

[& ™ M @ ®m W o ®Wom Moa WA A oM Wopm W QWMWY 00 M o w GO WD G gl

23 £ LT L L0 00 CL oMt K3 T LS ux: £3 s L3 0D AT o7 Mo 0D LS AT L2 g A T ST D £ L7 G O 0T T KT e S £

L gL €£) 7). ELL ¢ K (2 €L 3 [A ) L ¢y L . €L (. EL L PR €), K2 g3, b gl fA g3 FL ). €3 ¢ £L (), Nk ) (). Q)

<) 0oty 6 g N o 0D 0o 0 00 00 a0 0 a0 g oo b oo oogoaoniagildnoanan

134 | T T T N Y T PE Ve e YO T | O T T S o S o W N T O M Y T U i U

€ O 0O 3 O n 0 0 o 9D 2y ; € K01 0O MO0 S0 0 0n 0oL ogooaanfangaan

#=4 ped ecd peh St acd P4 wed PO payg el emg P o s gay rwl g P mg el gy 204 gud ewd pug ard pnl] em onf el g 2o pmy el | +=8 gef e=d vl wrd gy

AR LD KD g Mol S gD LD T ST O D g7 LT er 7 X7 &3 07 67 g L2 o LT xz LT 02 KD g L3 .00 4D vl a3 g L3 45 00 ¢F L2 gk

Ly G L) 3 L L) €3 L) BY €3 €3 ) €2 69 6 Ly L7 €9 LY L €O €y €F €3 L) Ly L) ) ) .3 € €3 € ) €I LY €9 0.3 L) £ LI .0

Sme @G g o 0w w0 oy ¥ Wwe LW P 0 S MDY W

[ 3N A L L T Y e W T T T U e T O O Y S L T T Y T T T S Y S Y S WO S T

e e el tr @ eeq trd gt el e P apg - e ' eg e d apd el sl tel spt el gl el .8 twd ceg el rpg ‘el ipd S cgh 1l cpd cr® g PP s ol pd vl apd

-1 N T L O O e F T LY DO B O ¥ T T L T o T O o O o o Y ¥ T VOO VU YOR VR TR YO Ol PR PO Y I v
[T}

E.1 [ =~ S T I~ N =R A A - A R S B A A = = T - S~ - R — B~ - - S - B (R N << <~ ~ B - N VS R R

X W W oW s o Y oL Mo U Lo Mo W@ Mo e Do &g WA MmO g W@ Do) O

le. L 1. €L 1 GL fL €. 1 € £ (3 (1 41 42 €L L CL o gF £ L K. L (kgL CL ) R ¢, €1, A f1L £ L 0, £V 3, t O M. 2 T £

L= = I So IS B P o i e Y L e B D VR e B S — I T U S i SR - IO I S = I A I TR e i ST R e M T T

-1 - —d -4 a2 e )

194 . - - . X L X <X

0. ] [ [ LSl Ll L L

e b =T = wn W Ao =~

= i it i ui Li i Gi Gl

o s e . XD o3I XD >

17 Ve ord -—e bod Ped boq D@ =

[N] [TH (13 2 (Y e OO gel ut [+

(45 L (11} 13 Lol agg W4 10

- ) N O, 0. gk, . ge. L ). X [p. S0. R U3, 0D, . . O. Q. 0.

(8] B D Pl gex Fek bt tvk Pl D g Pk S D D2 v Jed Beg e 1 St

o LT} tad 033 122 B} Lad Ls) Qad V) AR M Lad L) Ul ) ur uj Ly 1
"

L e B AR B R At ST S SN TV L T B B B oF ICRW I AN B o T o IRV I ot B PR o BRI AT B SR SIS T oF BCPI 0 TR Y B oI AV IO U of WA B o I of B 40 B X B ISV B £ B oV S 4% IR G I o IO R LY T LR S ST ey

LLERE T I A ¥ IV Y B 1] WY LY sy D 1) A} B ST O O r- 0 Q- O ¢ K s Gde (3 U Gk 3= (e K2 g KX WA FR- (3N 02 fpe 0 Lae O e (0 £ O~ 9. C€F= g%« Ee- 3. D0 s KX £5e U re




AN}
(N . q
wy 822 sy 492 81 6N o) L o) Y 0 U Uy 02 0y U o U1 Uy U 0y O gy O3 U ) O ul K e 01 rp A uy) )
woo EDoar s a1 Z oW Xo M RN NTNDOND XD RS 20 NI NI NT AT NI YN AL NLWI R omoo¥Do3c XDomoaowlN
i NI GF €3 €0 &) €3 G4 &1 Kb ) 4.0 € €D ¢ €D €4 €3 €3 €Y g %9 43 €3 L) L) .0 €F €Y LY ) €D o) KD
. m..." ur uh “.." 11 K33 g KD €3y &L) cfa KM My ) €y U of) €23 cys AP U3 ) «f) (L2 ) OF ) D ) € 1) @3 iy WD Ay
Al
awm o om W 0 W M W o W o W s gy Uogy W W MW B @m @ o Q o g W
<3 Vh gy WD oy A f) I T3 ‘6 T TS TR X8 ‘rp U3 YA TR p3 XS €y K3 6y A TR F) X YD k) Y Ty 6P ‘pl O s L
a red et et @ Pl ced v gl e s i el gl rD gg vt gy oD igf ted an ed sul 0 ® ipp el g 8 8 cwd sy s ‘el rg@ vl rd el 4
. “" b P S O PR O e P N Y T T T VO O VO T YU I PN O U PO U VY VAN YO DU SO T P
Y Q 0N G Wy O ) A €3 €Y 3 € ) D 0 o) OO g N O s ) O
g O aag eed rp S e RS ms v grd K00 pmd wrd pe@ 10 et g 2md g rm@ pee b8 srd 0l sed T ey T g * S peg oY pap rmd
A LT L2 K% £33 AT LT T 07 LD LT ST AT KT XD £ 07 S X L7 4T L0 0 ST g 5 08 LD T S £ ST 2 T L2 ST
) LI ) L) ) L) L) 63 ) ) ) ) ) 1.2 (L) ) L €F €3 L3 ) L L3 L) €Y €0 £ L) L) L) L) ) € ) 3 &)
" a W ogy e W M oy o W@ G W W o W Ot W W o @ o W o D) o oW W W W
.-”" € = ¢ f= €2 g2 & £ Tofd € 3§ gl f 2 B ) © €T 6% @ £ o T o@ € g £ o G £ (- € g €z
' W o4 w W @ m dy (5 G W odr W g O o W o O Oy f @ U GF M 3 W) ) @ W oW UF G O I b W m
) A e v san md ret w8 sed PR gnd GTA peq PIA pmd eed pmg 029 ped w28 o4 028 pea P prg PSR o $T4 pmd 078 g = erd Pt ved ot ord 4 g 0m g
et " . v Sas See Sre IR Tm. Jew Tma D Za. Jee Zme Jee Dma Sn o Ses SRa Dae Bee Qe e Oa. Dee Cew T DaL TR Ee e D Do Dwa e Dae De S, D D
e . Ze o AT gl . B A R S L L DI R -~ oS VS-S S-S R o- R N S N ] 3 L5 L3 M g K g% LT g- &3 g1 A% Lo
t . Y bl B g b g S B gl Ay b g R g8 4D D 8 g B et D s D g d D s AR AP R AP 3 D M
Sent [T T W W 4 W W oW Mmoo oM g Ny WM AoWm WM D W o WM oW oM
i . =D o = W ORI NT &I XT NI DT AT 3D BN OZI I D WD oy XD oW N o BT NI NT 3T XD o3I X1 at XD =D T xD S. 3l A oAl
Sy e Swy e e T T e T Tt T T e T S e e T I
b Ay ek b b 4d 8D Sh as D gl B g B B g B gd D s pd g8 gl g A ps p P D el A AP g B s
I "R TRV TR 7] M W QG W o fow oW W oW B oW Wo@m Woa ™ oG Mo W om W W ow e W Wwmwom %M
— 80 gag sm bord T sme SRS gy emE aud A pip " g R g P o NS el S8 geh e geg v ead P e Py r=W pa g = g f rmE e P ey
SN - S -4 I o R N A BN N N B SR N - R - R BT I R R A A N SERU I SR~ - . - R S S AL A ]
3¢ 32 ag =% 3 3T 3¢ 22 € X o 3% pC 3L »g T3 34 M 3z € Pz 22 ag 3¢ ¢ 3L yC DL o3& 22 &4 RO A Y g WO 3T ¢
¢ € < u £ € € O £y O ¢y € 0D £ 0 0 () () 0 O ) ¢ N O 0 0oy Ly 00 ¢
My ) Uy N 1 U7 (fy U L) U ) ) 43 AR Al Y 0y 0D (] KFY Q0D ) KF) GFD U OB () U G U 8) G Gl U3 W) 60 W) ) o)
.
- ¥
|
- N " eas N w3 « <5 U LS o ST A | N X AT ak eX L= > . < er (4
R S M ¥ X fE L W 0 @ L Kl X oL X ST T ok o o Sk o A S X nn koo ¢
] = ot SN it L L G Mm WY uf @Y L ST M AN LT oLz NS e O Lr @ Lt AN S AN Lm Ll M Ml oLm W OLm WM oat R HT N ST gt S o JT g AT ooe Tmous
Y <
ar
i
N I ]
o s e
AR
it ) 1wy 13 Gl e K0 w0 )
- [T OO CF3 UL gap €63 G118 133 49D £33 LX) 493 U s Xy LY LXY WY KA L '
i Wmmainm il g MmN an 3 (0 ¢ 43 ©4 gt U4 D T K &)
tar L N
N Gy 6 2
- WY «x <t
g >t -
m." - QY ENT] 3._“. T vl e € PO U g 0z 63 £ OO0 g5 G20 4D (1 (f) O3 A U8 f0 T (5 00 D 0 W ..ﬂ.z. i (o T e o e G
. A L = Y GEES A i a A w TRV RSV L4 ] A3 N S A £ H . i3
) .u..u —-.. m.. H-. uwr —.-..” n.—. .u“ _.._. "u. nn.. " n" [t .hn LTI TV VY P ¥ Sy T Y BT BT BTN VN TURN NN TN PV YOG ISRy G VIR AR T T e, . L, @ W op o G . L I, b ot WL W
Lss o ! N [ VR YOO T VU 1 i, <A <L *T . [T TV Moy TR T w
e-n e
()
1)
[N
[({}] a“@)
. 11
w (11} -y 9 - Lae
p . - . . .. " : w) o 3 «r sL ;o S O WX s AL el AL wC S 4y ek W K T sl Yl S A N O YR
e o LR B S I T LI L L R A WA M T T YT
- £ LT ot 0 L L LT G W o wt T W W T ST Wt LT oW UM ol L WD M gt WS Lt D L I e AT G W L ST Nm At W LI 2t Wl W At gt D
LY1) t
o g
L "
g et . . . - -. . .3 N8 o -
P P T SN T T S T P T N R NN B RN RN R R e S R A I IS I S B SIS I S I O B AT B T o B A B o I o T I T L G I e B e R I I R LS I S TR I S B I N I 4 |
u". '™ .-.- "-.u u._ "uu ": nu.w 1\ ".5 1Y) uu.u u nUu 0O 0. :.. s 13- D3 - €0n Kes e @2 D20 O €O Nye KB Gs U= fes G D0 U7 s B - O - O U O G- O - - 0 G Q- O O O G
ot i




a -m,m unl.“ ey cM“ Y -m-o !" -m“ ‘..m ..ald. m-.“
[T TR 3 ) Y ¢ O ) £ ¢
o AR YIF Y ERT R R N R R N R L S A SR .t I Y S O S = B B pes
e i ce® ceq cmw - (WY BV YIS R I Y I S I W W R~ L T T S T I £ g2 X7 45 LD A
[y booL. R por R R S-S R B PR PO PR R R R R TR TR R TR R PR TR Ll L
) - : iod et w8tk 08 ses rd ed '8 red wd el e 3 ¥ -5 : < ke b owL b 0L
HH Ho R R R B0 00 G 59 00 60 3 03 G G 12 O 0 10 63 O 6 12 13 €3 U UV s WD U e en b 4% e o
b PRI 42 VI a2 K e T N T T T e T T T T T T+ S N5 S+ TR & B BT S ¥ B4 ] 0 a3 A vy D ..a
ITH A ERY] ar L4 o D S M g #K mw 2C pd NE ag It »g P P UC 1€ 3K I € g TR = ¥ [} ] PO ey o mL =, )
331 HERE] [{I2 (5 L Y Y R A T T A T A e e T B G I e T T U W2y by
i Lo £ I fa QO O e O 0l G G0 G 7 (X QL AXD fvd 3 et g=b at B i M€ G 3 See D= Dee s 2em 4
1Y e e e S . S X X KF <k X X v ) <F e vk <C X L L Gag A agd baf ha) LD e Ll owz Ak e A sz Lo b o b
Ki’ i oor I Pl S L N D e 2 e e sie TR Ste e oe e S D3 I KX €2 0D £3T XD € €D exg 6L —-
i 1R TR LD 0 6 O 0 of 37 (5 0 B2 O 6 i (o of G <E SC o sl xC AN «X R e e 3= M e
‘ g, o0 V. . O, e, (o) dgf Led o) e usd Lad Led Lad L1g 8ad (1) ] S DSe ox e oS e 0 D= T O 52 et MY N e R)
Ry €Y & vy ) ©) ) Ur & W U3 U G 8D ey L) (5 OF x KXS orr owal D 0D gl XS vt G .
O. B 9, 0. 3. O 41 Led Gyl G2 Gag Lef tad Ui Rsd L) -r
) ) ) UL ) D sy L3 N oD -
L]
.
"o
]
L)
i
P TR . AT <@ L oL €k of %C <L <X < YL <r <C <L <K [ s <z YE 4, <L <r X <L <r <r x
e A U B i ol b el b ol ool i o R e e s i e B el i o i
' cr T e Nwosm oW W ¥ ot BT T AT e LT om DM oom LT om TSt LN oNm o4f o Mot SUOEE ST Nt ZE o 2N ot SN o e Sy oM o X an E oS L oo Lt wmoan
on
e
L M
L)
’ 9
) I oy TV gy kP w3 i) 1 %3 'Ll ¥y LY Y3 Y ¢ A T el O3 T L T U 1 W) ) W oM O WU T O T T 9 o7ty [T o +
..u Eﬂ.:..::.EEE.EEEEEE.._._en..:..nun__EeEn__E:.n-EEEEEQEﬂ.EB“EEE n._-m_-
—oae W o ¢y W oy WMo @ @ @ & W ool o Wy Wod oy @y OO o W O O W o o W > m
5 ey S0 g1 81X .nJ- an .u“ Mo SEr e T4e sg. SBe Lpa e -AQ-. e e oIl R S SR I ) TR Y DR ST S L e SILY SR i e LT TR TR S SR SURRY SO VY S S -
2 ea, €@ ¢ 1Y (D, . o1y By LR = .- o
L u“ el “n. PHEE S S-S A T O AP oe O oen IR Yo KN g U g LY op kR LI On N o Y o EP G 6 Eh I e OP O U R KR p LD ep O e T oo
TH ) (=% L, S T s TR e e R e B TRm o Meo Tea fm Tt The e Teal EFE T Sha o e tag Tme ey o Sey Sl e Tee el Tma e The S e tel S el T T
H] (TR T T GO LSS SR 3 b g L3 g K O BRSO O D ) KD O CF R LR e OB 6 C3 O Ih (LR O LD Ch D O LY O £ th O th O o ' S ep
- ..F.wi...,..?.-.m“n.,.A,,.-....lUUH.LH.L....._Lm“.LUusn.-Ln_uuu.nw.n_uuuuuuuuuUu.nunhu.nuuuuunu b ]
% et (2] < 5 =4
- T R I Ty BT S U R ] e VI R s T I R R Ty B I N L el A B S A S R~ st B I <
bes - - - . Y oo OO0 5 g WT P « &0 Ury B w2 s L O we 3 . =e i) = - . - - - a V) o O3 . - -— -
3 U e U < <y -3 L=} — ey - T3 3 D LA~ I 2o BN TR 3N oF B ar < o wa
w’ . - - o - - - o - . -
Lo, 2o Bie 0 W §3r 6t L oy 23 e 6d Lo =l B B ol B e o B N It I = T = R N o T s IO - S I v L v - e et T U B I T I T o= T s I =t IO IO T T = T
u.... ".n.n “,... Ly “h L] -._. BRI I B H B B B €1 K3 oy 653 pm 6TF 2y B O €13 33 €0 gy 27 Ty © pTd 00 3 PSR @73 EDT 65y €3 gin €T p) ESY gl BD) ¢T)
Y €3 63 62 .3 LY F1 L) C) €y ) fY L) E) Ly K € £ €3 €3 £y b ¢33 L1 €3 6 3 63 ¢} €3 €3 123 7 €3 €3 ©3 ) 63 €7 €1 €3 €3 €3 €3 €y L1 €3
O Ty S UH S VO T I T U S R Y I et e S B S T R, i S = R i T B S S R SR T T R S S Y R B S T S v s B el I D TS T
o [ - x G, M I3 a. At [ = [ M a, X5y a.
1
o LT Y TS o £ ER oop U e € ED G Op 6N o (N gy G op CD Gh A0 KR N i OP e K vn L0 o f I Y
Hi my Ry ten . -~ Cal Wy M R Tmm tmy Mma Tag MRy e e te el ey TR Mg Ba Tme fen ey ML e e, tm San e e . -
. g K0 oen ) o CHn O g LD oep B op €0 L W0 o (O op Ch O BN o € I BB gy U e O o 6T o 11 oo
pes - £ I RS RS =3 E S I IS T I B~ T~ I = T B B BT B~ B I T B B> - BT R M- B T+ B~ B - |
o " NI GE K DN ats €D Eh €3 €3 €2 ) CR T Y SN AP D I O IR U D LD A A ) 6 SN Ly S A 4D €D AT & KD 63 €D WD
M - A S S A SIS I R R RS R YRS N R R I A S A O I S I o B o I S I S S I S I o I SISV I B S R SRS B IV I o]
L M R TN MEEE S BET S N M N [N | Y - - . - = . = . . - . . - - - - 3 - - . . . - - - - - . - - . - - . - . 3 Y
) ] ~y Tta . .... ~ra ..H e fl\. o “..-. LR o T col LN 0 IR A B i | GO LY CD O I G W G RS Oy D S CY DD DI D O O D WD D O D 0D D O
meomr &N sy Al > e A .
v e e T T SO S T TR TR B T T T T T T T T O T L T T R e T S O T T RO N T B
o (3 P wo ot v w4 e e wee ma v a4 ve b T vt Te o et et v wee v we vt e vt e v we s 8 v
) V- [~ A R A Dy EY O CF £ 4 O D Kl D O D e KD D DD D O O OO Dy DD D
e ked » g L - - .. - LT - - - il . 4 - L] - 1.. - |.l - .I - - - - - - - 3 - - - - - - - - -
1P H gy %I e s ey Iy O sDd Cr > Xy € ey T o KT WD AT €D G K3 owId T Oy WD O DD QR A Q) D XD Oy DO
MR
o
“_. " r r.f Qe Bm fa 0 e Ume B B 0 K0 0 U8 g L8 e O g s O e 0 n g g e Ot 6kt O e O g 0 g Ot U e
€ €13 LU G13 LU K31 AR €13 XY MEp MAY £x O v M - O s ARt 2e K2 g U304 BT [V O QFe I O € O- O (v O - O Dy O D U (30 U D O G- e I3 K - O e I D

v




o ) &y Ly frp 001 €0 [23 0O
Ot R T s S a

[ FE I U U I 3% T B DN R

<€) -ry 1) i L

LT B ¢ Ty |
3 Py EY D

L) o3 -0 -4!.

<) gy

P R 83 B3 k2 B Y B R B RY R B2 Y ka1 oy B D

-0

3

€3 .11 -0 .0

5 .0

2 W0

-0 ) M
LIS ¢

-1 -y

13
[ DU}

&3 e B 1

(3 -5) O g1 (3

b2 Y Py R R

-0

sTrarIs

Ma SiWdlll

driv,

dniv,

niv,
Univ,
Univ.
niv,
Gaiv,
Uaiv,
Univ,
Univ,
iniv,
Pniv,
briv,
Univ,

niv,

ay .
sig .
DNéaz P
oiatls Un:
Abgen It
z.2is Vnl
T
siels
-
2L
=t
e
-
-
.
et :
Zeaep |
whdee W'y
i
Stzie Un
_—
STEtE
St
:tﬂss

¢
ot o

T
ot {pEs,

)
=4 -+

| g
0
n
m

of Lsec,
>f Lzea,

af Unez,
ef Ugez,
of lzez,
of Uzes,
Uzza,

Unez,

(24
£ 2

o
~
| sy

ot Upes,
of laez,
of Uaga,
2% Upes,
of lpes,

of lmes,
of limzs,
af loea,
gt leea,
ot Upea,
¢ line2,
Uaea,
izpa,
Yaga,
linea,
o¢ ez,
t Ugea,
ct lzes,
oé limea,

ot lcea,

ot Hmea,
of lmea,
ct Uamza,
ot Upea.
*

[v]

Urea,
Lmee,

o
-

EE AL .
VErgIty

vareily

L
m
TR L)
m
e ]

3
Sxedes
Swesder
Sxegan
Sngden
Exaden
Sszoen
Sweden
Sweden
Sxzden
Sweden
Sweden
Swzden
Swadsn
Sueden
Supgen
Sweden
Swnaden
Sweden
Sweden
Sweden
Sweden
Sweden
Skeden
Sueden
Swecan
Saedan
Swadan
Sueden
Sweden
Sxedzn

e

Sweden
Swaden
Swacen
Sweden
Sweden

) M DY G 53 (D o G 1 Wy T30 O 22 31 OO gy (S o33 G oo Gt I 60 o AR D WD ) G N Y D D) th () an ) oy &) Gy 05 ¢y €73 3y WY oy tis fAa G




T T oy BT 7 iy i A Tt e et BN 2

. e T T = Ctm-C e e S st =y e
. . IO =& !
TS PG SR P T~k a2t T CAREER O . . N i e
ﬂaw.d Y Tt eranag e e
'
i
Wi Mo kW w
v (s . ve w
ue "
Tea L¥] W k.
. ] o o 1 [ T YRR ] [ 1] @ oy
Pom (3] a W m W W o @ n w T —
[ ] .. W W m th W ) L)
byl 1 Uy oy - [l T - H
uu . = w1} F aF p— 4 Wy =¥ gy -8 w Ay w -3 o wm. <
A, - - - - v - - - ‘ . .. - « K3 .
& A B v B B B S PR SR . S L T Y = = AU A R
< FIT R Tt R e R i iy [ - uE == W = "ww & M_F & n o
144 =onE vooan €2 gD €F k3 €D D om o3 T T e e e T a R e PN R T I TR ]
< monow oW 0 o 0o a (R ER (R X © o b e
H AT € BT 0D 3 LED €% 0T e e ve e to
) V. o ELogp EL gn LD £ £ . e Y W G <3 D o €D < D g D= g fa.
i NS S LI N L S S e S DS 5 & b ]
Y nm Pw ﬂm n.m 9 ﬂm H uu.- S [ EPE 3 LI L 4 4 fe. O e O o snm.--
R ] P e amE g red o
Y ogT LT o3 AT g XD 7 AT 'y
WLyt LY Yy LY gy L vy L) ovn

e - .. = o g e = = g = - I
E € LT fm Kl oAbl ES gl L £ £ S = £ £ e O o2 oo
B0 g 6460 cdGagnsBaooogiidono
TEOEY et aet el et P d wt e m¥ apd et et P ek e aq P8 g e 8
8D S Ty b g b b d 40 A Ad 4D 40 ot L} 2F 40 4T 48 4 4 &b
LW a Mmoo i i W W g B | W n
- - R EEEREEEEEREERR:
T R RS I = T B R S QR S . S S - = I ST R -~ S T L T
- M L i o v e - I R O I e B I IR A I i i I T B ] A1 g3
[ -.—.Hr.r.JH-“ua.nr“P.wa.En_.ms.u.usﬂ.ﬂcaDcra.cnn“:.n“n..r“ 2 a 3
i iem et red cmn ivd e tmA ey e : e = 1 -3
' 1. 1o ba bee a4 L5 2 0e [ SE R K By ) Y e 02 oy LY LY L) L o} Ly 0y ) o 2
bR - - . e P78 Y pmd e wd P58 o q 2o 8wy v=d mg vh med v gl red peep wod g = — e w, P4 g3 K4
€. Lo fIofE 6 o € o a._.... ©9 00 a0 wa o Wwo o O U O 0 0 O 0 a B33 S g 4
b W g U o Moy Wy E L oo oG B GG o6 o o G oo & = L b
L. £ ora. fLogy, UL oo, O D) W o5 g oG @ o W Gl @ G W O 9 W oM W oo T g W m g
U3 ) 63 Q) C0 e 08 G G T g gt BT s KT a2 4T A e AT L LT T LD at oo A M o8
G- 0 el L e 0 o €L . L el 0 g .k 6. AL B T FL i 6l cH ciy
o 0O 0o 00000 agiriadagdddgaogaonoaonoo o
DT TE T Y VI VU -V O S SO W SO SO WA S-S S G
“ £ 0L 0O L gy O S0 Gg0 0 05 0
e e e R e e B I R R T T T S e v e e iy S Sy g
A3 005 s AT XD P WS s ol T (3 g: &% &z KT f3 &% £ K3 A &%
ERLE R BN o B S S R S T A R A ok W O T R ]
=S IR S S ANUY S ST T [ SR SRS B [T R e T
ur oam Lp G T %4 T el AT Xp "L ¥L X <k <&
. [ S A SO v o Bea Bem pre B e bam frn b= fos bom
e Mo o g a2 L TG Wt ot ST L T oo oan
L LYY vy tod il Ld dad Ol Ul af Ul ) L
HEF I+ I T WD XD OR: nloxal n: @t AT ¥t XD
10 (LY} 2 re g B8 bad Bt -4 oy e —p Fae py s
1ed [N LS Gl e gy €25 012 Mz OE G o €rs el gR O
e ai a3t BT W NIRRT Leé Ll Lad L7 tad
£ A . B D, D 0., U. . 0, ©. 0O, Q, {1, W, 0, O.
<) ) h Faeri e Sl oL e ek I Mo Tewd Pl ert Bl Jef P et P
' rr o LU YT NRYENYETRY Lst Lag L1} L2g G2)
]
4.
1
reg
e
h.h hie L) [ ] .n.-.-:.n-n.. ; »
vl 3 LU - y I i R S . P LS I T o B T W R PR o ST PR b I ) *, -y ey
1 1r. L I L R O - Gl G = " LEasasngsgmumn
. 12 cer e T T e O e e Dt w4 s me s S e S me v es s
[F) 1y




o)
e

.
Py

ANALY

e

e s

3¢ f) ) )y U1 gy Uuld
s B X, x: X1 BT k2
- - e, MRy ey e, Rel e,
[ L RN B S % R 4 |
o ry (23 g3) e ¢y £2)

iz
P2

hosshat

us P

wareian

€)1
D% T T U T L O
a oo i ous

(T2)

- - - - - - - -~ g5
- b LT
.

T ] woap ™ a)
L&Y S LD AL K.
LI Iy e ) [ VS I 35 I W |

- €3 €3 T3
NEE 1) NEE an FAR wfn KND 0fY NS gy 00D pfy € @ rie
. de. 00 ap Ui de. Bse ke ban oy dae M3. XL s s

o L, i, la:

LS ST AT I &% BN B S LS B o B W |
oY Fee U 3 L0 e Oe O

i

N
avhe

§

75

-
i

Siiem
[FeeEN

-

iam
Lac

)
HEH
3 i
w©w) 19

ae al
gous
erIKs

) u
: b
- -
Yoy O
2] [ ]

o
»
Ll
£
(£
an
©r
A3
[+
[V
=1
)
I

£3
[
m
(4]
£2
Q.
L
]
s
¥
=]
w
e
b
—

e =X «f <1 X L o« <L I
R e
At oSt AT RN L at g i o

L Ek [ sl [+ 9

al W 0y B nj

LU T W 9 ',

Gy RI) g=a 0 pra dee (0 (1D [ =
ey ) oy €D

PR A SR £3

A4 D g )

n W oW W o

D OAD KT A v

“er ey %3 T

rrug
s cew

gL /W
.

”
-

 iom

(%)

g

h

o]

nipne/Ne

w
(34

[42]
L,

K2
(W

N/

go/xs

N/&

f

-

Ce




»
H
1

.’:n)l‘.'ﬁ ‘:'1

ng
™
&
L P

[ LS %) ]
- o=,

[ ]
1

Lo 8 I
I
-1y 0

L B

v (e Sy

-
Chsc I

<

s e

L4

e gea L31-

i e e Ty

anmbk?aennt

techigrapnenzie
Dhyiiewe -

Iy

518

R
RiE

‘5
K/R
N/3

4
iV
47

33

L bt el

=

1X

Vi e

T

ITRNLERY

[T R PR ¥
YT N )

wara
o
v we
Y
H

v

ILTTIR

o-
[ 4o ]

e
“\ln!

svT
dvw
aragne

ez 4138

hes 4

thez 4138
izh

ithes 4135

Trich
Pine and HCl

[y
D -
-

k
A
&

2.4,

.03 ugle

IA
N/

X1
N/&
3
N/A
N/R
i
l‘f..

N/a
N

Nik
X
Xif

4,12 ~

g teed

2% oq/hg fped

$ nglkg feed

4 as/kg teed
1.4 ag/kg feud

g
——

ry

L
-
>
(16

47,

PRT ITINS
(ALY RN E
COE/TCHF

mamm -

™

PE
e
s
!
‘
A
a4

[ Pl
Ni&
KR
| ¥
wi

{
N/

W
NIk

At

o o it

i

nn
P

.
0e

e

(&4
-1

o e B e s ST TR

et 4 e gm0 R ki e

/8
N/

¢ woot

-

i ngt

WA



A-58

54,
wt
- .
[ 3 €L A2 gty KFB ) K22 ) £5F L) LD €20 ARD KX QR) 02 af) KED 42D AED 1) KM agy AYD (5D TED LY) €4 kE) KE) (2) 473 s-s EDD £23
s
e
a . m e s - - o o =
[ T [ .. -
(Y] W W W m @O W
LEY BT} ny ) Uy o U
- . « . = e = = & &
e e M ta LA e s i» e = e
LR DR SN+ A1 s = £ 7
[FY R vy Lt ) Ul el W LYURR VTR YA 3 FYY
-
[ «: £2 L i = £ oz m
B. b, .. L. b B. & b . WL
[ SIS 3 133 (%] €0 3 2 3 e
Ny Y 't £3 .00 &Y L2 A3 €Y K3 0y ki
(8 = [ 3 42 2 kD ol € 2 o o @
Ll o rd g M g A oy LS
L w @ W oW ok W@ )
v [ 30 TS T o Bl t v
— ~. AL . &
" 3 a3 1 “
N Y Ly 4
“ "
[ 1 [
g ny
1.} L1
i
u
o o
. <r




.”..'-.... -1.. B2ty __P".,.:.._. .- f
.
4
FIf % S3LRCE TVES FASILITY STURCT CHARALT. ;
g YBRSTE LOMDHSTORS K, Gereany, MIP (3% £%,EL N/g ;
g L WASTE COMBUSTIRZ §. 3erzany ¥IF (80 2%3 Ri% 3
g L KASTE COMBUSTORS %, Sersany NIF (S 29%j NiA .
g %;:I:ZF&; RASTE COMBUSTERS ;. Serpany MIF (MR-L:l) N/A
B MUNITIRAL WASYE COMEEETORS 4. Goreany BIF (5-Lel) NIR
8 RURITIFEL BaSTE ZQMBUETORS %, Sersapy MIF ILFI-NK) N4
3 MUNIZTPAL HAETE DOMBHSTGRZ K. Baragny, Power Flant {zcall Ni&
3 P WASTE CRNBUSTORS Surzpsan Tne, withsut any ‘freataent
(3 MUNIDIPAL WASTT LOMSUITORZ furopesn inz. without any treataent
13 ﬁUJZ;ZFQL YASTE CO¥BUSTLRS European Inz. witncub any treastnent
13 MUNICIeSL WASTE COMBUSTIRZ furcpean inc. without any treataent
{3 BUNICISAL KASTE LOM3IUSTORS Europeszn inz, without anv treatasnt
{3 KAITE COMBUSTIRS European Inc. aéter recyclisg i
12 HATTT LONBUSTORS Surspean inc. after raoyzling
12 HASTT COMBUSTORS Euragsan Inc. zfter racyeling !
= HASTE COMBUETDRS Surppean inz. after recycling
2 HASTS COMEUSTORS Sursoean inc, after recyciing i
13 KASTE COHEUSTORS furogean Inz, aftar cospost profuctisa
3 WASTE COMBUSTORS gurgpean - Inc. after cospost productica
12 "WASTE COMBUSTIRS Eurapean Inz, after compast productioen
P H»k...°qL WASTE COMBUSTORE Suropean Inc. atter coepost sroduction :
13 RUNICIFAL WASTE CTMIUSTIRS Europezn Inz. after zaomsgzt arsduction
& MUKICIPAL WASTE CONBUSTORS Iurich, Switzerland L
16 RUNICIPAL BASTS SIMBUSTORS Iurich, Switzeriand %A
e “UMICZPAL BAZTE COMBUSTORS Italy #! N/A
23 MUNICIPAL WASTS COMBUITORS Italy 8! N/&
24 NUNICIPAL WASTE COMBLSTORS taly §! MR
24 MUMICI®AL WASTE COMBLSTORS [taly #1 N/A
24 HU%!CI? BRSTE COMBUSTORE ftaly #1 K/A
31 MINITIFAL WASTE COMEUSTIRS Italy #1 Mg
2 !h* C$=AL WASTE COMBUSTORS ftaiy # 4
23 MUMITIPAL WASTE COMEUSTORS ftaly 8! KiA
% MUNICIPAL RASTE [OM3LSTORS Ttaly #4 NiR )
24 MUNISISAL WASTE COMBUSTIRS ftaly #1 K/& !h
24 MUNICIPAL WASTE COM3USTORS Haly &1 N/& :*‘
28 MUNITIPAL ¥ASTE COMBUSTORS taly # N/& g
3 ”UNECE=Q' KASTE CTYMSUITIRS Italy #¢ ' N/A ' i
36 MUNICIFAL WASTE COMSUSTORS taly #1 N/ 1
24 Hﬁ%ICIPﬁ‘ BASTE COMBUSTERS fraiy 82 N/
2% MUNICIPAL WASTE COMBUSTIRS taly 2 N/A :
4 MUNICIPAL WASTE COMSUSTORS Italy 82 N/a . ;
24 MUNICIPAL KASTE CONMEUSTORS Italy 82 N/a i

-1
Lo

MUNICIPAL NASTE COMBUSTORS ftaly €2 WA

7

26 NMUKICIRAL WASTE COMBUITIRS italy ¥2 N/A
2% MONICIFRL WASTZ COMBUSTORS Ttaly #2 N

24 MUNICIPEL RASTS COMBUSTIRS italy 42 i&
24 MUNICIPAL WASTE COMBUSTORS taly #2 ki
28 MUNICIPAL WASTE COMBUSTORS Italy #2 N/A
24 MUNICIPAL WASTE COMENSTORS ftaly #2 N/A
24 MUNTCIPAL WASTE COMBUSTORS Ttaly 82 /R

2§ MUNICIPAL WASTE CE‘BU*TQRS Ttaly §2 NG
24  WUNICIPAL WASTE COMBUSTHRS Ttaly #2 %A
24 NUMITIPAL WASTZ COMBUSTORS ftaly 82 ’ N/A
24 MUNIZIPAL WASTES COMBUSTORS 1taly 82 N/A
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24 MOMITTIAL JASTI COMBUSTORS Traly B /8
T4 HONIDIBAL KASTE COMIUCTEAS Tigly 42 i
I MUNIDIBAL KASTE DoMRuITOIS tealy §2 Nig
W RUNIZIZAL HASTE COMBUSTIRS ttalv B2 Rt
2% il B 3USTEAS iralv §2 NiE
2 M TIeL CoKEUZTORS Ptaly 83 Rk
M RULIRAL oGr3UATARS ftaly 43 Kk
b MUNITIPR HASTE COMBUSTERS Taiy 82 L
T MUNICTOA GAZTT COMBLSTEES Ttaty 83 N7
2% MBIINTER NASTE COMBUGTORS Ttaly &3 MR
34 MUNICIAL WASTC COMBNCTRGS Ttaly 82 /e
74 MNICISAL ASTE COMBUSTORS Ttaly §3 NIA !
3% MUKICIBAL WASTE COMBUSTORS ftaly 43 N/t ,
% {LETE COMBUSTORS taly §3 Ni3 |
24 RAZTE LOM3LSTORS ftaly 3 KA ‘
23 wiriCIRAL WASTS COMBUSTING italv &3 /A i
34 MUNICIPAL WASTE COMBNSTARS tealy 3 N/f :
74 MUNICI®RL WASTE COMBUSTESS Ttaly &3 K/A i
34 MINIDIPAL HASTS COMSUSTORS Itzly 43 Nid §
34 MUNIDIFAL EASTE COMBUSTARS Ttaly 83 N ,
24 WiNITIPAL HASTE COMBUSTORI italy £ WA
31 MUNICIPRL WASTE COMIUSTORS Italy 43 17y
2 MONICIPAL ¥ASTE CONBUSTORS ftaly €3 HZA ,
34 MUNITIPAL WASTE COMBLSTORS Ttaly 83 NIR .
2% MUNITIRAL HAGTE COMBUSTORS italy 83 N/
3 MUNICISEL HAGTE COMSHSTORS taly 43 N/A :
34 MUNITIFAL WASTE CONZUSTORS ltaly #4 N/
27 MUNICIPAC KAZTE CONBUSTORS Italy ¥4 57k ,
T4 MUNICIPAL €ASTE CONBUSTORS italy #4 N78
2 MUNIDIPAL WASTE COMEUSTERS ltaly #4 KA
% MUNIDIPAL WASTT COMBUSTORS Italy #4 NZA
2% MUNICIRAL WASTE COMBUSTERS Italy #4 N/A
34 MUNICIPAL KASTE COMBUSTORS Ttaly ¥4 : Nid
3% EUNICIPAL ASTE COMBUSTORS taly #4 N/4
T3 MUNIDIRAL RASTE COMBUSTERS taly #4 KA
3i MGNISISAL WASTE CONBUSTORS aly # N/A
2% MUNIZIPAL WASTE COMSUSTORS [taly #4 N1A
28 MUNICIRAL WASTE COMBUSTORS Italy ¥4 N/A
25 MUKICIPAL WASTE COMBUSTORS Italy 84 NiA
2% MUNICIPAL KASTZ COMBUSTORS Italy #4 WA
24 .MUNICIPAL WASTE COMBUSTORS Italy $4 N/B
24 MNICIPAL WASTE COMBUSTORS Italy #4 NR :
24 MUNICTPAL HA3TE COMBUSTORS Italy M N/ f
2% AUNICIPAL WASTE COMBUSTORS italy ¥4 NS
3, MUNTCIPAL WASTE COMBUSTORS italy # N/4
34 MUNICIPAL WASTE COMBUSTORS taly #4 N
24 MUNICIPAL WASTZ COMBUSTORS taly #4 N/A
24 WUNITIPAL ASTE COMBYSTORS taly 45 173
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~. BAITE COMEUSTORZ
SauRCE TYRE TSR SGHRLT CHARALT.

MUnIITRAL RASTE COMBUSTORS italy 83 Ng
MUNICIPAL WASTE CCMBUSTORS Italy 45 Nia
MINICISAL KRSTE COMBUSTORS Ttgly 83 k8
MUNTOTRNM HASTE COMBUSTIRS ftaly 3§ LV
REMITIRAL ¥AZTS COMBUSTORE Italy &2 NIE
NIKICIPAL WASTE COMEUSTIRS 1taly $5 NA
MUtIDIPAL WASTE COMBUSTORE iraly &2 Nsh
MUNTZTPAL WASTE COMSUSTORS Téaly 48 it
MUNICIBAL RASTE COMBUSTORS [taly 85 K/
HUNIZIPRL HASTE CONRUSTORS Ttaly 3 k/8
MUNTCTEAL WASTE COMBUSTORS [taly 43 K/A
MUNTCIFAL WASTE COMBYSTORS italy #5 /A
""h'*’ﬁﬁ' B3575 CONMEUSTORS [taly &5 N/R
UHICIFAL &4STT COMBUSTIRS Tialy 2 L4
ﬁﬁii!?éL WASTE IGMZUSTORS Traly #8 WA
AL WASTE COMBHITORS ttaly 88 A4
1375 CCMELSTORS Ttaly 44 K/A
HLKI...AL RASTE COMRUSTORS Ttaly 48 N/t
MUNICIFAL WASTS COMBUSTDRS Ttaly #6 . N/&
MMICIPAL HASTE CQMBUSTERS italy 84 R/4
MUKICIPAL WRSTE CGYBUSTARS italy #5 ) %/A
AUNICIPAL HASTT IDMBUSTORS Italy & N/A
“UNICIPAL NRSTE COMBUSTORS ftaly 5 N8
MUNIZTPAL HASTS COM3USTORS Italy #2 /8
MURIZIPAL HASTE COMBUSTORS Ttaly #¢ K/
MUNISIRAL WASTE COMBUSTLRS Ttziy 34 NiE
ﬂUHIfEPhL WASTE COMSUSTORS [taly #¢ Kia
MUNICIPAL KASTE COH3USTERS taly 4 WA
MURICIFAL WASTE COMBUSTORS Taly & N/A
FURICIRAL KASTE COMBUSTOARS Ttaly #& N/
MUNICIPAL WASTT COMBUSTORS ftaly # N/A
MIKICIPLL BASTE COMSUSTORS ftaly #¢ N/R
WUNICIRAL MASTE COMBUSTDRS ftaly # K/A
HUNICISAL HASTR COMEUSTERS Italy #6 N/
NAETE CGNMBUSTORS Italy #2 /A

WASTE COMBLSTORS Ontaric, Canada {1} N/R

4L WASTE COMEUSTOGRS Ontaria, Canada (!} HiR
MUNIZIPAL KASTT CCMRUSTERS Ontario, Canada {!} N/
MUMICIPAL WASTE ﬂi..,LSTGPq Ontarip, Canada (!} NiB
MUNICIPAL WASTE COMBUSTED Ontaric, Canada (1) N/A
MUNICIPAL WBSTE EﬂﬂEESIﬂES Ontario, Canadz (2 N/&

(&3]

MUNICIPAL MASTE COMBUSTORS fintariz, Cznada {2 LT3 T 7 )

MUKICTPAL RASTE CCOMBUSTOES Bataric, Canada (2) N/R
MKICIBAL WASTE JOMBUSTIRS fntaric, Canada {2) N/A
WUKIZIFAL BASTE COMBLSTORS Ontarin, Canaza (2) . NA
MONICIPAL WASTT COMIUSTIRS Japan (#1) ‘ §/8
"“N""”' ¥ASTE CONBUSTORS Japan (82) N'A

MUNICIPAL WAETS COMDUSTORS Netkarlands NiR

'J“'CI?. WASTE COMBUSTOR

(45 )

Ontarieo (§1) N/A

MUNICISAL WASTT COMBLSTORS Cntario {42) LR

WUNTZISAL GASTE COMBUZTORS Comzg, Italy » 04 degrees T

MUNILIPAL BASTE COMBUSTERS {one, Italv > 300 dagress

MUXTCIPAL WASTE COMBUSTORE Coza, Italy ? 329 degrees L )
MUNIZIFAL WASTE COMBUSTIRS Come, Italy * 503 degrees

A &7
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£ MUMTDIZAL GASTE aly 3% geprezs I

£ MWICIOEL HASTE g taiy > S0 azgraee ©

§ MURIDIFAL RASIE 3 aty > 998 dzgresz O

4 MUNITIPAL HE3TE 2 aly > 30¢ ceérees £

£ MRTLITEL WASTE 3 aly S 500 degrees ©

dY MLNIZIREL RaSTI IQMEISTIIZ aly * 33 Zagress T

£r MUNiIDiPaL it “‘ﬂZECT:HE rator (U243 Nt

L1 MUNIZISAL BASTE r o {USa; X4

LI MUNIDIRAL WAETE :EHEEE?QEE ratar (US4 Nig

£ NURITIPSL WasSTT COMBUSTEAS  Huemitipal Iazinerator (USAY Ik

53 PUNICIPAL HAETT COMBUSTERS t.3. Kig

£3  MUNIDIFSL WASTZ COMEUSTIRS U. 5. N/a

&7  MUMITIPRL KRETE 2QwsUSTORZ - kid

27 MUNTCIEBL KASTE COMRUSTEAS 4.2, Lig

47 MURICI® S7C TTMEUCTORS .8, N/&

&7 MUNISISAL WASTE COMBUSTCRS 4.8, /3

47 MUNIZIPAL WnSTE COMBUSTORS U.5. KIA

49 MURICIPAL WRSTS CLNMEUSTORS #,8,4, Facilities Szali Mazulsr

4% NMUNICIPAL WASTE CCMEUSTORS U.S.4. Facilitiecs S2ali Kodular

4% BUNIZTFAL BA3TE CQMENSTORS #,3.4. Fazilities Szall Madglar

45 MUKIDIPAL KaSTc COMRUSTORS #.3.4. Facilities Seail Hadular

49 uNICIPEL WASTS COMBYSTORS .8.A. Facilities incinerator/Beiler

§7  MUNICIPAL WASTE COMBUSTORE U.2. &, Facilities ‘Incinprateor/Bgiler

43 MUNICIFGL KASTT CIMBUSTIRS U84, Fazilitise Inzinersior/Bailer

45 MUNIC!SSL WASTE EOMSLETORS U.5.8, racilities Incinerator/Boiler

4¢  MENTOTOAU WRSTE COMBUSTEES U,3.4, Facilitieg Incinerator/3ciler

45 MUNICIFAL WASTE COMBUSTORS 4.5, 4, Facilities incinerator/Boiler

43 MUNICISAL HASTE COMSHETIRS t.5.k. Facilities industrial Sereader Stcker
49 MUNICIPAL KASTE COMBUCTORS U.S. 8, Fazilities industrial Spreader Stoier
4% MUNIZIPAL NASTE COMSUSTORS U.8.8. Fazilities Indusirial Sprezzer Sicker
3% MUNITIPAL WASTE COM2USTORS B.8.A, Fazilities Industrial Spreader Stoker
53 MUNICIPAL WASTT COMBUSTIRS geveran, Belgium Dozestic/indusirial Wasies
S3  MUNICI®AL YASTE CGMEUSTORS Beveren, Selgiue Dossstic/Industrial Wasies
33 NUMICIPAL WASTE COMBUSTORS Beveren, Belgius Bemeshic/industrial Raztes
S NMUNICIPAL RASTE CONEUSTIRS Boveren, Beigive Domestic/Indusirial Wastes
Z5  MUNICIRAL WASTE COMBUSTORS K74 One Flant

£5  MUNICISAL WASTE COMBUSTERS NIA fne Plant

S& MUNICIPAL WASTE COMBUSTOR: N/ Gne Flant

57 MUNICIPAL WASTE COMBUSTORS Franze {1} 350 degrees

57 MURICIPAL WASTE COWPUSTORS France [1) 930 dagraes

5T MUNICIFAL WASTE COMBUSTORS France {1} 930 degroes €

57 MUNICIPAL WASTE COMBUSTORS France (1} 950 degraes L

57 MUNICIPAL €ASTE COMBUSTORS France (1! 550 degress [

72 RUNICIPAL WRSTEZ COMBUSTORS Urban Inciagratsr, Italy N/R

72 MUNICIPAL WASTE COMBUSTORS Urban Incinerator, Ilzlv K/=

77 MUNTZIPAL KASTE CCMBUSTORS Urban Incinerator, Itzly N/

72 MUNICIPAL WASTT COMBUSTORS Ursan inciaerater, Italy N/&

72 MUNICIPAL HASTT COMBUSTOES Urban Incinasrstor, italy KR

T: O MUNTZIPAL WASTT COMIUSTIRS lirban Incinorator, ltaly N/

72 '”P‘.I?R’ WASTS COMEUETERS lrkan Incinerater, Italy N/%

72 MURICIPAL WASTT COMBUITORS Urban Incinerator, Italy N/A

72 MUNICIPAL WASTZ COMBUSTORS Yehap Inciner at.., Ttaly MR

72 MUNICIPAL WASTE COMBUSTORS Urbap Incinarater, ftaly N/

72 MUNICIPAL WASTE CCMEUSTERS trban Incinerator, Italy N/&
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APPENDIX B. DETERMINATION OF SAMPLE SIZE
PROBLEM: Determine number of municipal waste combustors that should be
tested 3n order to estimate the average dioxin emission rate within a
10 ng/m” interval with 95 percent confidence.

Municipal Waste Combustors: Total population = 40

Site TCOD (ng/m°)
A 240
B 29.7
¢ 6.3
D 3.15
E 1.2
F ND
Assume: Sampling from a finite population without replacement
2 onl )
n = N z™ SD
42 (N-1) + 22 sp?
n = sample size
N = population size = 40
Z = reliability coeff = 2 (95% confidence)
SD = standard deviation 3
d = confidence interval = 5 ng/m

Case I: {all sites listed)

X = 46.7
SD - 87.0
n = 40 (2)% (87)2 - 39

52 40-1) + 22 (87)%

Case II: (drop sites with highest and lowest average TCDD levels)
z = 10.1
SD = 11.46
. 80 (2)% (11.46)%

52 (40-1) + 2% (11.46)°

= 14

SOLUTION: In order to estimate average dioxin emission rate for municipal
waste combustors, 14-3% sources should be tested. Based on 95% confidence,
results would be within 5 ng/m” of true mean.
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