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ABSTRACT

The purpose of this document is to present a comprehensive inventory and overview of
sources and environmental releases of dioxin-like compounds in the United States. The major
identified sources of environmental releases of dioxin-like compounds are grouped into six broad
categories: combustion sources, metals smelting, refining and process sources, chemical
manufacturing sources, natural sources, and environmental reservoirs. Estimates of annual
releases to land, air, and water are presented for each source category and summarized for
reference years 1987, 1995, and 2000. The quantitative results are expressed in terms of the
toxicity equivalence (TEQ) of the mixture of polychlorinated dibenzo-p-dioxin (CDD) and
polychlorinated dibenzofuran (CDF) compounds present in environmental releases using a
procedure sanctioned by the World Health Organization (WHO) in 1998. This TEQ procedure
translates the complex mixture of CDDs and CDFs characteristic of environmental releases into
an equivalent toxicity concentration of 2,3,7,8-tetrachorodibenzo-p-dioxin (2,3,7,8-TCDD), the
most toxic member of this class of compounds. Using this WHO procedure, the annual releases
of TEQp--WHO4, to the U.S. environment over the three reference years are 13,965 g in 1987,
3,444 g in 1995, and 1,422 g in 2000. This analysis indicates that between reference years 1987
and 2000, there was approximately a 90% reduction in the releases of dioxin-like compounds to
the circulating environment of the United States from all known sources combined. In 1987 and
1995, the leading source of dioxin emissions to the U.S. environment was municipal waste
combustion; however, because of reductions in dioxin emissions from municipal waste
combustors, it dropped to the fourth ranked source in 2000. Burning of domestic refuse in
backyard burn barrels remained fairly constant over the years, but in 2000, it emerged as the
largest source of dioxin emissions to the U.S. environment.
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FOREWORD

The purpose of this document is to present an inventory of sources and environmental
releases of dioxin-like compounds in the United States. This inventory is associated with three
distinct reference years: 1987, 1995, and 2000. The presentation of information in this manner
permits the ranking of sources by magnitude of annual release and allows for the evaluation of
environmental trends over time.

The term “dioxin-like” includes congeners of polychlorinated dibenzo-p-dioxins (CDDs),
polychlorinated dibenzofurans (CDFs) having chlorine atoms in the 2,3,7,8 positions on the
molecule, and certain coplanar-substituted polychlorinated biphenyls (PCBs). Dioxin-like refers
to the fact that these compounds have similar chemical structure and physical-chemical properties
and invoke a common toxic response. Because of their hydrophobic nature and resistance
towards metabolism, these chemicals persist and bioaccumulate in fatty tissues of animals and
humans. Consequently, the principal route of chronic population exposure is through the dietary
consumption of animal fats, fish, shellfish, and dairy products. Dioxin-like compounds are
persistent in soils and sediments, with environmental half-lives ranging from years to several
decades. Understanding the sources and environmental releases of dioxin-like compounds is
fundamental to ultimately linking sources with population exposures. It is through such
understanding that actions can be taken to reduce human exposures.

The quantitative results of the inventory are expressed in terms of the toxicity equivalence
(TEQ) of the mixture of polychlorinated dibenzo-p-dioxin (CDD) and polychlorinated
dibenzofuran (CDF) compounds present in environmental releases using a procedure sanctioned
by the World Health Organization (WHO) in 1998. This TEQ procedure translates the complex
mixture of CDDs and CDFs characteristic of environmental releases into an equivalent toxicity
concentration of 2,3,7,8-tetrachlorodibenzo-p-dioxin (2,3,7,8-TCDD), the most toxic member of
this class of compounds. With this procedure, the quantity of the mixture of CDDs and CDFs
present as a release is given the notation grams (g) TEQp--WHOy.

This inventory of sources and environmental releases of dioxin-like compounds concludes
that, between 1987 and 2000, there was approximately 90% reduction in the release of dioxin-like
compounds to the circulating environment of the United States from all known sources combined.
Annual emission estimates (TEQp-~WHQ.) of releases of CDDs/CDFs to air, water, and land
from reasonably quantifiable sources are approximately 1,422 g in reference year 2000; 3,444 g in
reference year 1995; and 13,965 g in reference year 1987. In 1987 and 1995, the leading sources
of dioxin emissions to the U.S. environment were municipal waste combustors. The inventory
also identifies bleached chlorine pulp and paper mills as a significant source of dioxin to the
aquatic environment in 1987 but a minor source in 1995 and 2000. The inventory concludes that
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the major source of dioxin in 2000 was the uncontrolled burning of refuse in backyard burn
barrels in rural areas of the United States.

The reduction in environmental releases of dioxin-like compounds from 1987 to 2000 is
attributable to source-specific regulations, improvements in source technology, advancements in
the pollution control technologies specific to controlling dioxin discharges and releases, and the
voluntary actions of U.S. industries to reduce or prevent dioxin releases.

Peter W. Preuss, Ph.D.

Director

National Center for Environmental Assessment
Office of Research and Development

XXXV



PREFACE

This document, An Inventory of Sources and Environmental Releases of Dioxin-Like
Compounds in the United States for the Years 1987, 1995, and 2000, was prepared by the
National Center for Environmental Assessment, which is the health risk assessment program in
the Office of Research and Development. The document presents estimates of annual releases of
dioxin-like compounds specific for each year. It is a detailed compilation and description of all
known U.S. sources and their associated activities that cause these compounds to be released into
the open and circulating environment, i.e., to air, water, and land. The overall purpose of this
report is to document and describe sources in the United States that release dioxin-like
compounds into the open environment, quantify annual releases to the environment from known
sources in a scientific and transparent manner, and provide a reliable basis for observing trends in
environmental releases. To the extent practical, the inventory is a comprehensive analysis of
dioxin sources.

This final document reflects a consideration of all comments received on an External
Review Draft dated March 2005 (EPA600/P-03/002A) provided by an expert panel at a peer-
review workshop held September 13-15, 2005, and comments received during a 60-day public
review and comment period (May 6-July 5, 2005).

Over 800 references were reviewed and cited in the preparation of this document. The
citations generally reflect publications up to and including the year 2003
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EXECUTIVE SUMMARY

This report, An Inventory of Sources and Environmental Releases of Dioxin-Like
Compounds in the United States for the Years 1987, 1995, and 2000, presents estimates of annual
releases of dioxin-like compounds specific to each year. It is a detailed compilation and
description of all known U.S. sources and their associated activities that cause these compounds
to be released into the open and circulating environment, i.e., to air, water, and land. The overall
purpose of this report is to document and describe sources in the United States that release dioxin-
like compounds into the open environment, quantify annual releases to the environment from
known sources in a scientific and transparent manner, and provide a reliable basis for observing
trends in environmental releases. To the extent practical, the inventory is a comprehensive
analysis of dioxin sources.

The term “dioxin-like” refers to chemical compounds that mimic the chemical and
physical properties of dioxin and have similar toxic effects. These include compounds of
chlorinated dibenzo-p-dioxins (CDDs), chlorinated dibenzofurans (CDFs), and certain coplanar
polychlorinated biphenyls (PCBs). The dioxin-like CDDs and CDFs have chlorine atoms in the
2,3,7,8 positions on the molecule. Dioxin-like PCBs contain zero or one chlorine atom in the
2,2',6 or 6' positions. All together there are 7 CDDs, 10 CDFs, and 12 PCBs that are considered
to be dioxin like. It should be emphasized that releases of dioxin-like compounds presented in
this inventory are, for the most part, for dioxin-like CDDs and CDFs. Sources of dioxin-like
PCBs are generally poorly characterized.

Approach

Only sources judged to have a reasonable likelihood for releases of dioxin-like compounds
to the air, water, and land of the United States are addressed in this report. The release estimates
were derived in one of two ways: (1) dioxin was measured as an actual release from the source
(i.e., points of release from the source were sampled and evaluated), or (2) dioxin releases were
calculated on the basis of an emission factor and activity level. The emission factor is the amount
of dioxin anticipated to be emitted per unit of activity and is derived from measurements made at
sources having similar characteristics. The activity level is the amount of material processed,
produced, or consumed by the source in the course of a year or, in the case of mobile sources, the
number of kilometers driven. It can take several forms, such as kilograms of material processed
per year by an industrial facility, vehicle kilometers traveled per year by trucks and automobiles,
and liters of wastewater discharged into surface water from industrial sources. The activity level
is multiplied by the emission factor to arrive at an estimate of annual dioxin releases from those
sources lacking direct measurement of dioxin emissions.
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Confidence in the accuracy of both the emission factor and the activity level are rated as
low, medium, or high, based on the quality of the data. All the release estimates from sources in
the inventory are assigned an overall confidence rating based on the lowest rating assigned to
either the emission factor or the activity level. In some cases, the data were not adequate to
support even a low confidence rating. These cases were treated in one of two ways. If the data
were sufficient to make an approximate, but clearly nonrepresentative, estimate of releases, the
estimates were labeled as preliminary and were not included in the national inventory. If limited
data suggested that dioxin releases were possible from a source but were not adequate to support
even rudimentary calculations of emissions, the source was labeled as unquantifiable. This
approach resulted in the classification scheme shown below.

Category A High Confidence Included in the national
Category B Medium Confidence quantitative inventory
Category C Low Confidence

T e o
Category E Unquantifiable quantitative inventory

Throughout this document, environmental release estimates are presented in terms of
toxicity equivalence (TEQs). TEQs are derived from a toxicity weighting system that converts all
mixture components to a single value normalized to the toxicity of 2,3,7,8-TCDD. This is done
for convenience in presenting summary information and to facilitate comparisons across sources.
For many situations, however, it is important to use the individual CDD/CDF and PCB congener
values rather than TEQs. CDD and CDF congener-specific releases for most sources are given in
tables in each chapter. The summary amounts of dioxin-like compounds released to the
environment are reported in units of grams (g) TEQ, developed by the World Health Organization
(WHO), and are given the abbreviated notation of TEQ,--WHO., throughout the document.

The major findings of the inventory of sources and environmental releases of dioxin-like
compounds in the United States are:

1. In 1987, 1995, and 2000, approximately 13,965; 3,444; and 1,422 g TEQ, respectively,
were released into the U.S. environment from all sources. Figure ES-1 graphically
displays these releases.
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Figure ES-1. Total environmental releases of dioxin-like compounds (g TEQ)
from all quantifiable sources during 1987, 1995, and 2000.

2. Environmental releases of dioxin-like compounds decreased by approximately 90%
between 1987 and 2000. As shown in Figure ES-1, most of the reductions (75%)
occurred between 1987 and 1995. The overall reduction in releases of dioxin-like
compounds is attributed to the control of air emissions of these compounds from
municipal waste combustors (MWCs), medical waste incinerators, and cement kilns
burning hazardous waste and of wastewater discharges of the compounds into surface
waters from pulp and paper mills using chlorine. These reductions were achieved
through a combination of regulatory activities, improved emission controls, voluntary
actions on the part of industry, and the closing of a number of facilities. Table ES-1
shows the reductions made by the largest sources of dioxin-like compound releases.
Emission estimates for individual sources that could be quantified, i.e., Categories A,
B, and C, are presented in the main text of this report.

3. The leading source of dioxin-like compounds in 2000 was the backyard burning of
refuse in barrels (498.5 g TEQ, or 35% of total releases), as shown in Table ES-2,
which presents the top 10 sources of releases for 2000, 1995, and 1987. Backyard
barrel burning of refuse is an activity that occurs in rural areas of the United States. It
is unregulated on a national level, but many states have banned or limited the practice
(New Jersey, New York, California, Minnesota, Wisconsin, Massachusetts, and
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Table ES-1. Reductions of releases of dioxin-like compounds to the
environment in reference years 2000 and 1987 from major sources in the
United States

2000 1987 Percent
Source category Releases to: (g TEQ) (9 TEQ) reduction
Municipal waste
combustion Air 83.8 8,905.1 >99
Medical waste
incineration Air 378.0 2,570.0 85
Cement kilns
burning hazardous
waste Air 18.8 117.8 84
Bleached chemical
Surface
wood pulp and
. water 1.0 356.0 >99
paper mills

Florida to name a few). In 1995 and 1987 MWCs were the leading source of releases
(1,393.5 g, or 40% of total releases in 1995; 8,905.1 g, or 64% of releases in 1987).
However, due to strict regulatory requirements limiting dioxin emissions, MWCs were
ranked fourth among the top 10 sources in 2000, with emissions of only 83.8 g, or 6%
of total releases. Automobiles burning leaded gasoline were ranked as the eighth
leading source of dioxin in 1987. The phase out of lead in gasoline eliminated this
source by 2000. Cement kilns burning hazardous waste dropped out of the top 10
sources in 2000, due primarily to voluntary actions of industry combined with national
regulatory requirements to reduce dioxin emissions.

4. Environmental releases of dioxin-like compounds in the United States occur from a
wide variety of sources but are dominated by releases to the air from combustion
sources. Figure ES-2 presents the breakdown of releases to air, water, and land for
each reference year.

5. There are potential sources of dioxin-like compounds that were not included in the
inventory. Significant amounts of the dioxin-like compounds produced annually in the
United States are not considered releases to the open and circulating environment and,
therefore, are not included in the national inventory. Examples include dioxin-like
compounds generated internal to a process but destroyed before release and waste
streams that are disposed of in approved and secure landfills. There are also potential
sources for which no information exists to permit any reliable estimates of
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Table ES-2. Top 10 sources of dioxin-like compound releases and amounts released
(g TEQ) for reference years 2000, 1995, and 1987

2000 1995 1987
Rank (1,422 g total) (3,444 g total) (13,965 g total)
1 Backyard barrel burning | 498.5 | Municipal waste 1,393.5 | Municipal waste 8,905.1
of refuse (air) combustion combustion
(incineration of refuse) (incineration of
(air) refuse) (air)
2 Medical waste/ 378.0 | Backyard barrel 628.0 | Medical 2,570.0
pathological incineration burning of refuse (air) waste/pathological
(air) incineration (air)
3 Municipal wastewater 89.7 | Medical 487.0 | Secondary copper 983.0
treatment sludge (applied waste/pathological smelting (air)
to land and incinerated) incineration (air)
(land and air)
4 Municipal waste 83.8 | Secondary copper 271.0 | Backyard barrel 604.0
combustion (incineration smelting (air) burning of refuse
of refuse) (air) (air)
5 Coal-fired utility boilers 69.5 | Cement kilns 156.1 | Bleached chemical 370.1
(electric generating (hazardous waste wood pulp and
plants) (air) burning) (air) paper mills (land,
water)
6 Diesel heavy-duty trucks 65.4 | Municipal wastewater 133.3 | Cement kilns 117.8
(air) treatment sludge (hazardous waste
(applied to land and burning) (air)
incinerated) (land and
air)
7 Industrial wood 41.5 | Coal-fired utility boilers 60.1 [ Municipal 85.0
combustion (air) (electric generating wastewater
plants) (air) treatment sludge
(applied to land
and incinerated)
(land and air)
8 Diesel off-road 33.1 | Ethylene 35.7 | Coal-fired utility 50.9
equipment (includes dichloride/vinyl boilers (electric
ships, farm equipment, chloride production generating plants)
trains) (air) (land, air, water) (air)
9 Ethylene dichloride/vinyl 30.0 | Diesel heavy-duty 33.3 | Automobiles using 375
chloride production trucks (air) leaded gasoline
(land, air, water) (air)
10 Sintering plants (air) 27.6 | Bleached chemical 30.0 | 2,4- 334

wood pulp and paper
mills (land and water)

Dichlorophenoxy
acetic acid (2,4-D)
(land)
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Year 2000 Year 1995

18%  57% 2. 6% 7.4%

92.4% 90.0%

Year 1987

25% 0.9%

96.5%

Releases to Air B Releases to Water [ ] Releases to Land

Figure ES-2. Releases of dioxin-like compounds to air, water, and land in
2000, 1995, and 1987.

environmental releases; therefore, these potential sources could not be included in the
inventory. EPA has classified these potential sources as Category D sources.
Examples include forest and grassland fires and accidental fires at municipal solid
waste landfills. Taken together, these sources have the potential to significantly
increase the emission estimates in the present inventory.

. The amount of dioxin-like PCBs released from man-made sources remains poorly
characterized. Only a total of 19.5, 78.5, and 51.5 g of PCB TEQ could be quantified
for 2000, 1995, and 1987, respectively. To date, only sewage sludge has been
adequately characterized as a source of dioxin-like PCB releases.
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1. BACKGROUND, APPROACH, AND CONCLUSIONS

1.1. BACKGROUND

This report presents a comprehensive inventory of sources of releases of dioxin-like
compounds in the United States for the years 1987, 1995, and 2000. It is a detailed review and
description of all known sources and their associated activities that cause these compounds to be
released into the “open and circulating environment,” i.e., air, water, and land.

The aim of this report is to:

Document and describe sources that release dioxin-like compounds into the
circulating environment of the United States.

Quantify annual releases to the environment of the United States from known sources
in a scientific and transparent manner.

Provide a reliable basis for time-trends analyses such as observing changes in total
releases to the circulating environment from 1987 to 2000. Time-trend analyses
provide a quantitative indication of the achievements made (or lack thereof) in
reducing environmental releases of dioxin-like compounds from specific sources in
the United States.

This is the second dioxin source inventory issued by the U.S. Environmental Protection
Agency (EPA, or the Agency). The first one was issued in draft form and covered the years 1987
and 1995 (U.S. EPA, 1998a). The current effort updates this earlier document and adds annual
release estimates for 2000.

The intended audience and users of the dioxin inventory include:

Members of the general public who are interested in learning more about sources of
emissions of dioxin-like compounds to the U.S. environment and in obtaining peer-
reviewed estimates of releases.

State and local regulatory agencies that are interested in obtaining reliable and peer-
reviewed information on sources and environmental releases of dioxin-like
compounds.

EPA Regional and Program Offices that are responsible for evaluating the need for
regulating and/or preventing dioxin releases to the environment.

Risk assessors in the private and public sectors who need reliable information on

sources and releases of dioxin-like compounds to improve quantitative risk
assessments of dioxin sources.
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» Researchers who are interested in documented and time-specific dioxin source and
emissions data to be used in sequential time-trends analyses.

» Private and public stakeholder groups that are interested in obtaining reliable and
peer-reviewed information on dioxin sources and releases and in observing time
trends in environmental releases of dioxin-like compounds from specific source
categories.

A complete listing of the nomenclature used in this report is depicted in Table 1-1.

Table 1-1. Nomenclature for dioxin-like compounds

Term/symbol Definition
CDD Chlorinated dibenzo-p-dioxin, halogens substituted in any position
CDF Chlorinated dibenzofuran, halogens substituted in any position
PCB Polychlorinated biphenyl
M Symbol for mono (i.e., one halogen substitution)
D Symbol for di (i.e., two halogen substitution)
Tr Symbol for tri (i.e., three halogen substitution)
T Symbol for tetra (i.e., four halogen substitution)
Pe Symbol for penta (i.e., five halogen substitution)
Hx Symbol for hexa (i.e., six halogen substitution)
Hp Symbol for hepta (i.e., seven halogen substitution)
0] Symbol for octa (i.e., eight halogen substitution)
2,378 Halogen substitutions in the 2,3,7,8 positions
Congener Any one particular member of the same chemical family (e.g., there are 75

congeners of CDDs).

Congener group

Group of structurally related chemicals that have the same degree of chlorination
(e.g., there are eight congener groups of CDDs, monochlorinated [MCDD]
through octachlorinated [OCDD]).

Isomer

Substances that belong to the same congener group (e.g., 22 isomers constitute
the congener group of TCDDs).

Specific isomer

Denoted by unigue chemical notation (e.g., 2,4,8,9-tetrachlorodibenzofuran is
referred to as 2,4,8,9-TCDF).

Source: Adapted from U.S. EPA (1989a).




1.1.1. Reference Years

A central part of EPA’s dioxin inventory is the organization of estimates of annual
releases of dioxin-like compounds into reference years 1987, 1995, and 2000. The selection and
use of three reference years provides a basis for comparing environmental releases over time.

The year 1987 was selected as the initial reference year because it was the earliest time
when it was feasible to assemble a reasonably comprehensive inventory. Prior to that time, very
little data existed on dioxin emissions from stacks or other release points. The first study
providing the type of data needed for a national inventory was EPA’s National Dioxin Study
(U.S. EPA, 1987a). The year 1987 also corresponds roughly with the time when significant
advances occurred in emissions measurement techniques and in the development of high-
resolution mass spectrometry and gas chromatography, which allowed analytical laboratories to
detect low levels of polychlorinated dibenzo-p-dioxin (CDD) and polychlorinated dibenzofuran
(CDF) congeners in environmental samples. Soon after this time, a number of facilities began
upgrades specifically intended to reduce CDD/CDF emissions. Consequently, 1987 emissions
are representative of levels of emissions that occurred before the widespread installation of
pollution control systems and pollution prevention techniques specifically designed to reduce
dioxin releases from man-made sources into the air, land, and water.

EPA selected 1995 as the second reference year because it reflects the completion time of
the first set of regulatory activities specifically tailored to reduce dioxin releases from major
sources. By 1995, EPA had proposed or promulgated regulations limiting CDD/CDF emissions
from municipal waste combustors (MWCs), medical waste incinerators (MWIs), hazardous
waste incinerators, cement kilns burning hazardous waste, and pulp and paper mill facilities
using bleached chlorine processes.

The year 2000 was chosen as the most current date that could be addressed when this
effort began in 2002. Also, it corresponds to a reasonable time interval since 1995 when one
could expect to see further changes occurring in releases as a result of continuing regulatory
activities, voluntary actions on the part of industry, and facility closures.

1.1.2. Regulatory Summary

Tables 1-2 through 1-7 present a synopsis of EPA emission standards for the control of
dioxin releases. As discussed in Section 1.3.2, these regulations (along with other factors)
contributed to the reductions in dioxin emissions observed over time.
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Table 1-2. Municipal waste combustors?

Stack emission limit®
(ng total
Category® CDD/CDF/dscm) Effective date
New large 13 September 20, 1994¢
June 19, 1996°

Existing large

With electrostatic precipitators as the APCD 60 When SIPs are

With dry scrubber/fabric filters as the APCD 30 approved'
New small 13 June 6, 2001¢
Existing small

With electrostatic precipitators as the APCD 60 When SIPs are

With dry scrubber/fabric filters as the APCD 30 approved"

Air emission standards promulgated December 19, 1995.

®Large = aggregate capacity >225 tons/day; small = aggregate capacity <225 tons/day.

‘ng total CDD/CDF/dscm = nanogram total Cl, - Cl; CDDs plus CDFs per dry standard cubic meter of stack gas
volume, corrected to 7% O,.

9Began construction on this date.

*Modified or upgraded on this date.

"When SIPs have been approved by EPA (approx. 3 yr from the final rule or 1998).

9For facilities constructed on or before this date.

"When SIPs have been approved by EPA (approx. 3 yr from the final rule or 2003).

APCD = Air pollution control device
SIP = State Implementation Plan

1.1.3. Definition of Dioxin-Like Compound

This inventory of sources and environmental releases addresses specific compounds in
the following chemical classes: CDDs, CDFs, and polychlorinated biphenyls (PCBs). These
subsets of chemicals are defined as “dioxin like.” Dioxin-like refers to the fact that these
compounds have similar chemical structures and physical-chemical properties, and they invoke a
common battery of toxic responses. Because of their hydrophobic nature and resistance towards
metabolism, these chemicals persist and bioaccumulate in the fatty tissues of animals and
humans. The CDDs include 75 individual compounds; CDFs include 135 compounds. These
individual compounds are technically referred to as congeners. Only 7 of the 75 congeners of
CDDs, or of brominated dibenzo-p-dioxins (BDDs), arethought to have dioxin-like toxicity; they
are the ones with chlorine substitutions in—at a minimum—the 2, 3, 7, and 8 positions. Only 10
of the 135 possible congeners of CDFs are thought to have dioxin-like toxicity; they also are the
ones with substitutions in the 2, 3, 7, and 8 positions. This suggests that 17 individual
CDDs/CDFs exhibit dioxin-like toxicity.



Table 1-3. Hazardous waste incinerators and cement kilns and lightweight
aggregate kilns burning hazardous waste®

Source

Standards for new facilities”

Standards for existing facilities®

Hazardous waste
incinerators

0.11 ng I-TEQ/dscm for dry
APCD and/or waste heat boiler
sources

0.20 ng I-TEQ/dscm for all other
incinerators

0.20 ng I-TEQ/dscm and
temperature control <400°F at the
APCD inlet

0.40 ng I-TEQ/dscm when PM
control device operated >400°F

Cement kilns burning
hazardous waste

0.20 ng I-TEQ/dscm and
temperature control <400°F at
the APCD inlet

0.40 ng I-TEQ/dscm when PM
control device operated >400°F

0.20 ng I-TEQ/dscm and
temperature control <400°F at the
APCD inlet

0.40 ng I-TEQ/dscm when PM
control device operated >400°F

Lightweight aggregate kilns
burning hazardous waste

0.20 ng I-TEQ/dscm or rapid
guench below 400°F at kiln exit

0.20 ng I-TEQ/dscm or rapid
guench below 400°F at kiln exit

Air emission standards promulgated September 30, 1999, and December, 2005.

bng I-TEQ/dscm = nanogram I-TEQ per dry standard cubic meter of stack gas volume, corrected to 7% O,.

APCD = Air pollution control device (dry = dry scrubber or fabric filter)

PM = Particulate matter

Table 1-4. Cement kilns not burning hazardous waste?

Existing cement kilns®

New cement kilns®

<400°F at the APCD inlet

operated >400°F

0.20 ng I-TEQ/dscm and temperature control

0.40 ng I-TEQ/dscm when PM control device

0.20 ng I-TEQ/dscm and temperature control
<400°F at the APCD inlet

0.40 ng I-TEQ/dscm when PM control device
operated >400°F

Air emission standards promulgated June 14, 1999.

®ng I-TEQ/dscm = nanogram I-TEQ per dry standard cubic meter of stack gas volume, corrected to 7% O,.

APCD = Air pollution control device

PM = Particulate matter

There are 209 PCB congeners, of which only 12 are thought to have dioxin-like toxicity;
those with four or more lateral chlorine atoms with one or no substitution in the ortho position.
These compounds are sometimes referred to as coplanar, meaning that they can assume a flat
configuration with rings aligned along the same plane. The physical/chemical properties of each
congener vary according to the degree and position of chlorine substitution.
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Table 1-5. Secondary aluminum smelters®

Process

Emission standard

Sweat furnace

0.8 ng I-TEQ/dscm stack gas corrected to 7% O,

Thermal chip dryer

dryer

2.50 pg I-TEQ per metric ton of scrap charged to the

Scrap dryer/delacquering kiln/decoating kiln

kiln

0.25 g I-TEQ per metric ton of scrap charged to the

equipped with an afterburner

Scrap dryer/delacquering kiln/decoating kiln

5.0 g I-TEQ per metric ton of scrap charged to the kiln

Air emission standards promulgated March 23, 2000.

Table 1-6. Medical waste incinerators?

Category®

Standard®

When built

New
Small

Medium and large

125 ng total CDD/CDF/dscm or
2.3 ng I-TEQ/dscm

25 ng total CDD/CDF/dscm or
0.6 ng I-TEQ/dscm

Constructed after June 20, 1996,
or existing units that
commenced modification after
March 16, 1998.

Existing (all sizes)

125 ng total CDD/CDF/dscm or
2.3 ng I-TEQ/dscm

Constructed on or before
June 20, 1996; requires
approval of SIPs¢

Air emission standards promulgated September 15, 1997.
®Small = capacity <100 kg/hr; medium = capacity >100 to 227 kg/hr; large = capacity >227 kg/hr.
‘ng/dscm = nanogram per dry standard cubic meter of stack gas volume, corrected to 7% O,.
%When SIPs have been approved by EPA (approx. 5 yr from the final rule or 2002).

Table 1-7. Pulp and paper mills®

Pollutant

Maximum 1-day wastewater discharge

Tetrachlorodibenzo-p-dioxin

<5 parts per quadrillion

Tetrachlorodibenzofuran

31.9 picograms per liter

2effluent standards promulgated November 14, 1997.




Generally speaking, this document focuses on the 17 CDDs/CDFs and a few of the
coplanar PCBs that are frequently encountered in source characterization or environmental
samples.

CDDs and CDFs are tricyclic aromatic compounds that have similar physical and
chemical properties. Certain PCBs (the so-called coplanar or mono-ortho coplanar congeners)
are also structurally and conformationally similar. The most widely studied of this general class
of compounds is 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD). TCDD, often called simply
“dioxin,” represents the reference compound for this class of compounds. The structures of
TCDD and several related compounds are shown in Figure 1-1. Although sometimes confusing,
the term “dioxin” is often also used to refer to the complex mixtures of TCDD and related
compounds emitted from sources or found in the environment or in biological samples. It can
also be used to refer to the total TCDD *“equivalents” found in a sample. This concept of toxicity
equivalence is discussed below.

cl Cl

(0]

cl Cl

Cl Cl Cl Cl
(0] (@)

2,3,7,8-Tetrachlorodibenzo-p-dioxin

2,3,7,8-Tetrachlorodibenzofuran

Cl
(6]
cl Cl
Cl Cl
(6]

1,2,3,7,8-Pentachlorodibenzo-p-dioxin

Cl Cl

Cl Cl
o)
Cl
2,3,4,7,8-Pentachlorodibenzofuran

Cl Cl

Cl Cl
3,3',4,4'5,5'-Hexachlorobiphenyl

Cl Cl

Cl Cl

cl
3,3',4,4' 5-Pentachlorobiphenyl

Figure 1-1. Chemical structure of 2,3,7,8-TCDD and related compounds.




1.1.4. Toxicity Equivalence Factors

CDDs, CDFs, and PCBs are commonly found as complex mixtures when detected in
environmental media and biological tissues or when measured as environmental releases from
specific sources. Humans are likely to be exposed to mixtures of CDDs, CDFs, and dioxin-like
PCB congeners that vary by source and pathway, complicating the assessment of human health
risk assessment. In order to address this problem, the concept of a “toxicity equivalence” (TEQ)
has been considered and discussed by the scientific community, and toxicity equivalence factors
(TEFs) have been developed and introduced to facilitate risk assessment of exposure to these
chemical mixtures.

On the most basic level, TEFs compare the potential toxicity of each dioxin-like
compound in the mixture to the well-studied and well-understood toxicity of TCDD, the most
toxic member of the group. The comparison procedure involves assigning individual TEFs to the
2,3,7,8-substituted CDD/CDF congeners and dioxin-like PCBs. To accomplish this, scientists
have reviewed the toxicological databases and, with considerations of chemical structure,
persistence, and resistance to metabolism, have agreed to ascribe specific “order of magnitude”
TEFs for each dioxin-like congener relative to TCDD, which is assigned a TEF of 1. The other
congeners have TEF values ranging from 1 to 0.00001.

Thus, these TEFs are the result of scientific judgment of a panel of experts using all of the
available data and are selected to account for uncertainties in the available data and to avoid
underestimating risk. In this sense, they can be described as “public health-conservative” values.
To apply this TEF concept, the TEF of each congener present in a mixture is multiplied by the
respective mass concentration, and the products are summed to represent the 2,3,7,8-TCDD TEQ
of the mixture (eq 1-1).

TEQ = Y i-n(Congener; x TEF;) + (Congener; x TEF)) + ...... (Congener, x TEF,)  (1-1)

The TEF values for CDDs and CDFs were originally adopted by international convention
(U.S. EPA, 1989a). These values were further reviewed and/or revised, and TEFs were also
developed for PCBs (Ahlborg et al., 1994; VVan den Berg et al., 1998). A problem arises in that
past and present quantitative exposure and risk assessments may not have clearly identified
which of three TEF schemes was used to estimate the TEQ. This document uses a new uniform
TEQ nomenclature that clearly distinguishes between the different TEF schemes and identifies
the congener groups included in specific TEQ calculations. The nomenclature uses the following
abbreviations to designate which TEF scheme was used in the TEQ calculation:
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» |I-TEQ refers to the international TEF scheme adopted by EPA in 1989 (U.S. EPA,
1989a). See Table 1-8.

*  TEQ-WHO,, refers to the 1994 World Health Organization (WHO) extension of the
I-TEF scheme to include 13 dioxin-like PCBs (Ahlborg et al., 1994). See Table 1-9.

*  TEQ-WHOy, refers to the 1998 WHO update to the previously established TEFs for
dioxins, furans, and dioxin-like PCBs (Van den Berg et al., 1998). See Table 1-10.

Table 1-8. The TEF scheme for I-TEQy¢

Dioxin congener TEF Furan congener TEF
2,3,7,8-TCDD 1 2,3,7,8-TCDF 0.1
1,2,3,7,8-PeCDD 0.5 1,2,3,7,8-PeCDF 0.05
1,2,3,4,7,8-HxCDD 0.1 2,3,4,7,8-PeCDF 0.5
1,2,3,6,7,8-HXCDD 0.1 1,2,3,4,7,8-HXCDF 0.1
1,2,3,7,8,9-HxCDD 0.1 1,2,3,6,7,8-HXCDF 0.1
1,2,3,4,6,7,8-HpCDD 0.01 1,2,3,7,8,9-HXCDF 0.1
OCDD 0.001 2,3,4,6,7,8-HXCDF 0.1

1,2,3,4,6,7,8-HpCDF 0.01
1,2,3,4,7,8,9-HpCDF 0.01
OCDF 0.001

Table 1-9. The TEF scheme for dioxin-like PCBs, as determined by the

World Health Organization in 1994

Chemical structure IUPAC number TEF
3,3'4,4'-TCB PCB-77 0.0005
2,3,3'4,4'-PeCB PCB-105 0.0001
2,3,4,4' 5-PeCB 