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‘Section 1

< pisew. l0troduction And Summary Of Tier 4 Work Plam . --osinc-siis
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1.1 Introduction

This report preseats the U. S. Envirommental Protection Agency's (EPA's)

plans for identifying likely sources and assessing the magnitude of dioxtn®*

emissions from combuscion sources under Iier 4 of the Na:ional Dioxin Scracegy”

T LE 2 ¥ oaten "
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The report describes the information EPA plans to collect over the next 18

<

months to improve our current understanding of combustion sources which may emit
dioxin to the ambient air. This report also describes the rationale used in_
designing the studies which make up the project plan, as well as altermative
. approaches considered. While source sampling and analytical methods and proce-=
- dures to be used during the study are Identified, this report is not intended

to deseribe these procedures in detail. References are made to other documents

where these methods and procedures are more fully described.

- 1.2 Background

There are 75 different chlorinated dioxin isomers, divided into eight
homologues, each with different physical and chemical properties.1 One of the
22 isomers with four chlorine atoms is 2,3,7,8~tetrachlorodibenzo-p-dioxin
(2378-TCDD).* There are three reasons why this isomer has been seleacted as the

-principal focus of the National Dioxin Strategy:
. l. It is believed to be the most toxic of the chlorinated dioxins,
2. It is the isomer most often associated with exposure and potential

‘health risks to humans, and

*Throughou: this work plan, the terms dioxin and dioxins are used generically
to indicate chlorinated dioxin compounds as distinguished from 2378-TCDD, the
specific isomer of major concern.




3. There 1is gsufficient assoclated health and exposure information

available to allow a targeted. study to. be: developed.
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On December lS 1983, EPA released a Dioxin Sl:rat:egy2 which provides a

framework under which EPA will:
1. Study the nature and extent of contamination of 2378-TCDD and the

agsoclated risks to humans and the enviraonment;

- . ST e i
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S nlen R g [ Implement or compel pecessary cleanup actions at’ eon:amlnated o

gites; and

3. Further evaluate regulatory alternatives .to prevent future con—
tamination, as well as disposal alt:ernatives to alleviate curr-e-n-;
problems.

To implement: :l:he séx;acégy, EPA has for:ped ‘sevleln '—;stud.y t:iers,- ordered by ‘:he
decreasing potential for 2378~TCDD contamination:

Tier 1 - 2,4,5-trichlorophenol (245-TCP) production sites and

assoclated waste disposal sites;

Tiar 2 =~ Sites (and associated waste disposal sites) where 245-TICP

was used as a pracursor to make pesticidal products;

Tier 3 - Sites (and associated waste disposal sites) where 245-TCP

and its derivatives were formulated into pesticidal products;

Tier 4 - Combustion sources;

Tier 5 - Sites where pesticides derived from 245-TCP have been and

are be:lng used on a commercial basis;.

Tier 6§ - Certain organic chemical and pesticide wmanufacturing

facilities where improper quality control on certain production

processes could have resulted in the formation of a 2378-TCDD contam-

inated product waste stream; and

Tier 7 =~ Control sites where contamination from 2378-TCDD is not

'

suspected. -
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1.3 Management Of The National Dioxin Strategy

Overall responsibili:y for the management of l:he Stral:egy has been assigued
to t:h; A.ﬂi;i;Ean: Adminiscra:or for :he- Office of Solid Waste a.nd Emergency
Regponse (OSWER). OSWER 1is alsc managing the investigations for sites in Tier 1
and 2 of the study. The Office of Water Regulations and Standards (OWRS) is man-

aging Tiers 3, 5, 6 and 7, while the Office of Air and Radiation (0AR) is respon—

z gible- for Tier 4. The Office of Research and Development (ORD) is- responsiblé -

for sampling and analytical guidance. ORD 1is also respoasible for providing

analytical support and plans o do so via an arrangement with three EPA labora-

. torieg (Duluth; Bay St. Louis; and Research Triangle Park), collectively known.

as the TROIKA. As described later, EPA's Regional 0ffices will be respousidble

- for implementing various aspects of the National Dioxim Strategy, including

portions of Tier 4.

1.4 Project Approach

Clearly, there are many data gaps in the available information concerning

emissions of dioxins from combustion sources,3 and a nauvmber of different

approaches could be taken to fill these data gaps. After coasidering various
alternatives, the Agency has decided to focus the Tier 4 effort on the collec-
tion of data from a number of combustion source categqries which are believed
to have some potential to emit 2378-TCDD. Detailed stack test data and ash
samples will be collected and analyzed for 2378~TCDD and the higher dioxin
homoiogues (1.e., tetra, penta, hexa, hepta, and octa). Such efforts are
needed to broaden our understanding of emissions of dioxins from combustion

sources. The primary objective of the Tier 4 project thus, is one of problem

"definition what gource categories emit dioxin and at what coucentrations? The

investigations are not designed to answer what can be done to minimize

emissions.

e - Eaen B0 L TREY



This approach is believed necessary for a number of reasons. Only a

limit:ed numher of combust::lon source categories have pteviously been tested =
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de:emine if they emit dioxina 1nc.lud.1ng 2378—TCDD to the ambient air. While

these dioxin compounds have been found in the stack emissions and fly ash from

~ some source categories, they have not been detected at all of the source cate-

. gories which have been tested.  Ranges of test values have been shown to be

. ,very broad (orders of magnitudes)..- Some of the ranges. may be due, of course, "

to source subcategorization [e. g., mags burn versus refuse derived fuel (RDF)
as. subcategories of municipal incinerators; dry process versus wet process ‘as
subcategories of RDF, ete.] but data again are insufficient to support such
conclusions. Also test methods have varied considerably within the data base
now available. These and other factors, not surprisingly, have led to conflict-
ing theories on how and when dioxins are formed. In summary, currently available
data do not clearly define the scope of the problem, or if indeed there c¢learly
1s one.3

o The scope of ﬁhe Tier .4 study must be liﬁited, for ‘several pr;ctical rea~
sa;lé- While the Tier 4 budget of $l.4 million is a considerable sum, it does

not allow the Agency to implement a comprehensive study program 'désigned to

ekmine all aspects of dioxin emissions from combustion sources. A key factor

"is the high cost of stack sampling which is estimated to cost approximately

390;000* for each source tested, not including similarly expensive analytical
work. Because of these high costs and the limited resources available, the

scope of the study must. be sharply focused.

*$90,000 is an estimate based on a typical source test, and does not include

any laboratory analysis for dioxins, homologues or isomers. Actual costs will
vary depending on source configuration, specific analytical work done., etc.
Each work plan for individual sites will have individual estimates and costs
will be opt:i.m:f.zed.4
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_ likely take years to des_ign and complete, and would ot be practical to consider .

Also of considerable impact is consideration for the fact that the Natioral

Dioxin Stra:egy is a two year effort scheduled l:o end in December 1985. 2 Ar that

£5 . P .
PR s Rt F LR

time, a report t:o Congress 15 planned which will summarize the resulca of the
study. This schedule limits the types of activities which can be initiated and
comnleted by that date. Certain research studies, such as, developing and vali~

dating a mechanistic model of dioxin formation in combustion sources, would

for this study.
However, because all aspects of the dioxin issue cannot be considered,
follow up studies may be needed. The. Tier 4 results should provide a more

reasonahble bagis for more studies if needed.

1.5 Basis For Investigation Of Combustion Sources

There are several unproven hypotheses concerning dioxin emissions from

" combustion processes. Dow Chemical's "Chemistries of Fire” theory proposes that

dioxins are a natural byproduct of fire amd will be formed at some quantities

in all combustioa processes.s Bowever, experimental results by Buser and Rappe

~and an evaluation of data from the 1iterature3 -suggests that dioxins are emitted

_ only under limited conditions. The most prevalent theories, including Espo-

si ro's formation mechanism, involve the incomplete combustion of polychlorinated
gl;nenzo dioxin (PCDD's) or PCDD precursors. Although there i{s some disagraement
on the definition of precursors, PCDD precursors are defined in this work plan
as chlorinated aromaticas that can produce PCDD's through bimolecular reactioas
and thermal rearrangements. Examples include chlorinated phenols awmd chlori-

nated benzenes. When PCDD's are in the feed of a combustion source, they can

escape with the fine particulate when the thermal destruction efficiency is

low.3 Additionally, PCDD precursors may be thermally rearranged during

incomplete combustion to form PCDD's.3

. PP . R AR )
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Neither the Dow hypothesis or the precursor hypothesis have been con-
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"with and without chlorinatiom, in eonjunccion w.n:h the studies of pyrolysis of
chlorinated coal, suggest that inorganic chlorine at high levels with any organiec
material may very well lead to PCDD formation. Since combus:ion sources are

ubiqu:ll:mxs and are fairly councentrated in urban areas it is conceivable that a

,__‘,',‘ "l’-\»a- .@;@-th\‘,"_. anin . _,..a'*\.- hok

lérge portion of the United States population may be exposed to dloxins includiIIg*

- e o RN .

2378-ICDD in the ambient air. More data are needed to detem:l.ne the magnitude
- and extent of exposure to dioxins from combustion sources. While current evi-
dence does unot suggest that an unreasonable risk exists, the Dioxin Strateg;
provides an opportunity to perform a more orderly and thorough inves:igation of
r.he issue. An assessment of risk from each source tested with inferences to

the source category will be produced as a part of this effort and be included

in the Tier &4 report generated as input to the study's report to Congress.

*7'I.6 ~Sumary Of Tier & Progtam Plan

Two levels of source sampling are blanned ia Tler 4. First, relatively
inexpensive ash samples (3creening) will be collected from combustion source
" categories listed in Table 1-l. As explained later, these source categories are
believed to have a reasonable likelihood of emitting dioxins. Samples are also
expected to be collected from a limited pumber of addit:io'nalé source categories
es may be identified by EPA Regional and State 0fficials. Ash samples will be
" collected from three different sources in each source category selected. These
sampleg will generally consist of “hopper ash from control devices, or "bottom”
ash where no control devices are present. These samples will be analyzed to
determine the total polychlorinated dioxins (PCDDs) preseat in the ash, as well
ags 2378-TCDD and the higher dioxin homologues. These data will be used to

provide a qualitative indication of the likely presence of dioxins in the flue

ey, lusively supporced ot refuted 3 5 Recenc studies 1nvolving pyrolysis-of wood i



Table 1-1. Combustion Source Categories Where Ash Samples

S SRS R S e U 88 2’ WL Likely Be Collected -

Sourc&‘Categories:*

Chemical Sludge Incinerators

:1;~;= PCarbon Regeneration Unit (a:'industrial_sou:ce) RIS

‘.:- I it

Chatcoal Maaufacturing

'Wire Reclamation

Wood Stoves - ‘ | —
_ﬁ;od Boilers Burning PCP Treated Wood |

“spreader—Stoker Coal Boiler

.H;zardous Wagste Incineration

Lime/Cement Kiln Buruing H#zardous Wastes

Forest Fires

Apartment House‘Flue Fed Incinerators

Agricultural Burning A e

To be supplemented by other categories identifed by State and Regional
Officials with reasonable liklihood of emitting 2378-TCDD.
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e estimate the magnitude of 2378-TCDD emissions, nor ‘ean’ ‘they be used to ‘determine

gas emissions. Because of the nature of these samples, they cannot be used to

absolutely that 2378-TCDD is not present in the émissions. It is expected, how-
ever, that these data will provide data to examine further the usefulness of ash
analyses as 2 viable means to assess relative the magnitude of dioxin emissions

from- combustion sources.

: T L Y T R _;‘.. £
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E A limited number of cumbustion source categofies have been selected for
detailed source testing based onm available data and information. Because of
the limited budget and the cost involved with stack testing, only about 12

— —

different sources can be tested. These stack tests will be performed using

described in the recently developed American Society of Mechanical Engineers
(ASME) sampling protocol for energy recovery facilities.b

Samples to be collected during the stack testing program are discussed in
Section 3 and are briefly summarized here. They include gaseous and particulate
stack emigsion samples (both before and after controls), ash samples from the
coutrol device and firebox ash hoppers, samples of the feed or fuel, and samples
of nearby soils. Precombustion air samples will also be collected at those
sources where precursors' are guspected to beﬂ present in significant concentra-~
tion in the air from other nearby sources.

Stack, ash and precombustion air samples will be analyzed for the 2378-TCDD
isomer, total dioxin, and totals for each of the higher homologues of dioxin
(i.e., tetra, penta, hexa, hepta, and octa). Ifrecombustion air and feed samples
will alse be analyzed for selected suspect dioxin precursors. Feed and waste
water samples will also be analyzed for 2378-TCDD and total polychlorinated
dioxins. Sufficient quantities or duplicates of all samples will be collected in

the event that other analyses are needed at a later date. Furans, for example,

R

«t:';:}.?'u =

.EPA's modified Method 5 and source testing procedures consistent with those
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will not be analyzed under t:hie program due to costs but are of sericus conceran

but sufficient sanples will be c¢ollected and may be so analyzed later.

O S -

t:hem to the designated TROIKA laboratory for analysis. Procedures for the col-
lection and shipping of samples, as waell as the analytical and quality coantrol

procedures to be followed, are discussed elsevhere.’ A sumnary of the samples to

. be collected during stack testing aud l:he analyses to be perfomed under ‘I‘ier 4

are outlined in Table 1-2. Although not noted in the l:ahle, an additional aumber
of samples (approximately 20 percent) will be collected and analyzed for quality

assurance/quality coutrol purposes.

-
—

The Agency has already performed an analysis to identify those combustion
source categories which have the greatest potential to emit 2378-TCDD.3 These
source categories are listed in Table 1-3. Source categories rated as "Rank A
Sources” will be stack tested as soon as pessible. Testing of source categories
ranked B and C will be deferred until the results of the ash screening program.
are available. These data-will be used to re—examime the current ramking of
source categories, so the final listing of B and C ranked source categories could
change the final selection of residual source tests can be made at that time.
Figure l=1 presents the anticipated schedule for the Tier-é pro ject.

At the coaclusion of the Tier 4 study, the Agency will have collected either
screening gsamples or detailed stack samples from a number of combustion source
categories. These data will provide the Agency with a better understanding of
the source categories which emit 2378-TCDD to the atmosphere. Further, the
detailed stack test data will allow the Agency to determine the magnitude of the
2378-TCDD emissions from these sources and calculate the risk to which the people

are exposed.

Samples w:l.ll be collected ptinarily by’ EPA conl:ractors who will ship the 7



Table 1-2.

SAMPLING AND ANALYSES WODEL

Sanple

Method

Samples

Analyses

Taotal Samplea®
fac Aaslyals

Inputs
Precombustion Alr

fasd/Ruad

Qutputs

Stack (hgou coatral)

Stack {efter contxol)

ostoa Ash
Ash Prom fasirol Davice

Quanch Water Efflusnt
Othar

Salle (S0 viclalcy)

140-1 (PupR)b

Grabs

ms1s

sy

Grabs
Grabs

Grabs

Sorings

a-1¢

Dat}ly Compaalie

2 tsalne

~fSack Half Emily Compaalis
~condenser dlnse
~-adsacrbant Raaln

~Front Half Daily Compoalte
~cyclans Catch
-filrac
~psobe cinse

2 ctralas

=fack Half Dslly Compoaits
-condsnist Rinss
=adporbant Basin

~Front Bslf Dally Compasite
—filtar Catch
=~probe Riaes

Datly Compoaite

Daily Compoalie

Datly Composite

1l Composite

2378-3C00, PCODA, TOCLS,
Cl-phanale, Cl-banzenes

PCOD Scan, Ci-phenols
Cl~beozanes, PCB, TOCL

2378-TCRD, Homologuesh
{tatrs - acta), PCOD

2376~-TCDD, Homologues
(tatca - acia), KCDD

2]1&-1‘(:00'. Homologuos
{tetra ~ acia), PCDD

2378-TCDD, Homologues
{talzs - qcia), PCDD

2378-1CDD, Bomologuss
{tatrs - ocsa), KCDD

1374-1Cp0, Homologuas
(tatrs - octa), KDD

b1

Celiedg . 8

1}

Togal 264

S2aged 0n Y sanmgling days.

[y

bXAD-2 (PUFF) decotas & modified high voluse alr eampler uith s apecial sampling hoaad for sableat orgsuic compounda.
€Sample 10 ba collccted §f there 1o & slgaliicant saurce of suspocted precursors In viclalty of ssmpling slts.

dpcpD = Polychlorinated dibento dloxia.

A70CL = Total argsaic chlorine.

€ansl yals by contrecior.

AHH5T (s & modified EPA “Method 5" grala ae defined in the ASHE protocel.

biomologues = Anslysne done on bighsr (t1atrs through octs) PCOD's as & total for each group oanly.

Amultiple analyeas for sach ssaple will have & sulciplier affact on the saslytical coats aleo. Total doce nat
tnclude quality aseursace sasplea (appras. 20%).
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Rank A Source Categories:

Table 1-3. Ranked Source Category List

Fomas w . . [ L T e -t e ' -
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Sewage Sludge Incineratorsa
Black Liquor Boilers
Commercial Boilers Firing Fuels Contaiminated with Chlorinated

Organic Wastes

Rank B Source Categories:

Rank

Rank

BCP SludgeAIncineratoté

Carbon Regeneration (industrial)
Charcoal Manufacturing

wi

c

Wo

re Reclamation
Source Categories:

od Stoves

Boilers (Firing PCP treated Wood)

Mo

bile Sources

Small Spreader-Stoker Coal Boiler
Hazardous Waste Incinerators
Lime/Cement Kilns Co-fired with Chlorinated Organic

D

Wastes :

Source Categories:

Municipal Solid Waste (MSW) Incineration
Industrial Boilers Co-firing Wastes

Rank

Rank

Rank

Rank

D:

Large source categories (greater than ! millioun tons of fuel and/or
waste burned annually) with elevated dioxin precursor .contamination
of feed/fuel. These categories are judged to have the highest
potential to emit TCDD.

Small source categories (less than 1 million touns of fuel and/or
wagste burned annually) or source categories with limited dioxin
precursor contamination of feed/fuel. These categories have a high
potential to emit TCDD.

Source categories less likely to emit TCDD. \

Source categories which have already been tested three or more times.

-11-
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s 'rhe information collected under Tier 4 will be summarized in a final feport.

) The report will also summarize the state of knowledge of dioxin (partigularly
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2378-TCDD) enissions available from combuscion sources. 'rhe. st:a:us of <ngoing RS

b

s

_ studies will be given and available regults of such studies will be repo:t#d upon
) ‘in the final Tier 4 report. For example, the sca}ck test data being collected
-from various combustion sources by New York Sta:é- and others will be included, if
‘available. Any praliminary r.'esults from :he :htee million dollar chtsle year .
" affort being initiated by Eaviroament Canada %o examine :he significauce af var-
ious operating conditions ou dioxin emissions from municipal incineratoys will
be- ;;articularly of interest. An updated list of recommendations for| future

——

testing and study will be provided at that time if warranted.

- 1.7 Possible Results Of The Tier & Study

While the previous paragraphs have briefly described the oaobjective of

Tier 4, it is worth ooting what the study may or may not be able to acc pllsh.

S The primary objective o_f the Tier & effort is problem &efinition. The
" degree to which Tier 4 can satisfy this objective depends in large measure on
the magnitude and pervasivenmess of the 2378-TCDD emissions found durfing the

study. For example, a possible outcome of the study is that ash sampling and

analysis may be validated as an effective tool to test to verify tchat 2378-TCDD

_‘_is not emitted from a source ar source category. Als.o. the stack test data and

subgsequent risk assedsments may indicate, at least for the sources or] source

catagories tegted, that 2378-TCDD emissions do not likely result in an m}reasou—
_able risk to the public. Assuming these are the findings, some general conclu-
sions about the scope of the problem are expected to be drawn from the Tier 4
's:udy. Such conclusions will obviously need to be stated carefully, acknowl-i-
edging the possiblity that some untested sources may exist which may emit

elevated levels of 2378-TCDD. Nevertheless, the Tier 4 study is intended Co



provide information for the Agency to realiscically define the scope aud
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magnitude of the problem. C i
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A wore likely outcome is that the ash sampling program will ideatify a aum-
ber of source categories with a sufficient probability of having levels of 2378~
‘ICDDs present in the ash vhich merit further concern. As a result, these source
cat:egories may warrant further scack l:es:ing programs to obl:ain more defin‘i.cive: e
results. Similarly, the stack test program which can be conducl:ed under Tier 4
may identify relatively high emission rates from some of the sources which are
tegted, thereby indicating a need for a mmber of other which sources should—‘b:
tested. Since there are :l.nadequéte resources avallable uunder Tier &4, for the
la'rge: amount of testing this would re'quirye, such further developments will
likely depend upon followup studies to define more fully the magnitude of such
problems.

In summary, it is likely that the Tie.r_l; study will better define the

) ;;:ope of the problerr bﬁt may not provide sufficient defimition to adequately

define the magnitude of the problem nor will it develop any regulatory program,

that might be need. More detalled study may be needed in such cases.

1.8 Format Of This Report

This section has provided a brief overview of the scope and purpose of the
Tier 4 program under the National Dioxin Strategy. Section 2 discusses various
alternatives which were considered in the design of the study. Section 3 pro-
vides further detail oan how the source categories to be tested under Tier 4
were identified, the number and types of samples to be collected and the various
analyses planmed. Section 4 describes implementation issues, such as how the
individual sources will be selected for testing and how the various samples will

be collected.



£ Sen Me o o -w Alternative Study Plans Which Were Considered

Section 2

|
|
|

|
I
The previous section presented a brief overview of the scope and purpose

'of the Tier 4 study. In designing of the study, the Agency considered various

alt:erna:ives. The most frequently recommended al:ernal:ives~ are described below, :
along w:lth the reasons why they were not included in the final Tier 4 plan.

2.1 Alternmative l: Focus The Tier 4 Effort Primarily on Municipal
Waste Incinerators |

- I —— ——

The most frequently suggested alternative was to focus thtla Tier 4 study,
in whole or in part, on determing the magnitude of éioxin emissions from various
municipal waste incinerators. There were several reasons for this.

First, of the combustion source categories which have been tested, dioxin
emissions are much greater for this source category than for others. This source
category 1s, therefore, viewed with much interest and concerm. Second, a number
of urban areas are presently considering the permitting of new municipal incin=-
erators, primarily as resource recovery units, due to the limitations asaociated
with land disposal. Solid waste program representatives and other govermment
officials, representatives of induatry, and the public are concerned about the
potential exposure and risk from dioxin emissions from these proposed facil-
ities. As a result, it has been recommended that a number of municipal waste
incinerators be tested in order to gain a better understanding of the magnitude
of the dioxin problem from this gsource category.

After careful consideration, the Agency has decided to focus the Tier &

effort primarily oun combustior source categories other than municipal waste

incinerators. While the Agency plans to test one municipal incinerator under

B T e L N
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. . following reasouss: _.. .. . oo

Tier 4, a broader study of municipal incinerators has not been included for the

Seoime
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(1) S8ix of the apptoximately 40 large conventional (nom—modular)
municipal waste incinerators in the United States have been tested.l
As such, this source category is by far the most tested of all
combustion source categories.

(2) Based on the results of thesge previous tests, the Agency has con—
cluded that the emissions from well operated facilities do oot pose a
public heal—th problem to those persons living ian the vicinity of these
.gources. This position was initially contained in a report encitl;.;l—_
T'Interim Evaluation Of Health Rigks Asgociated With Emissions Of Tet-
| rachlorinated Dioxin From Municipal Waste Regource Recovery Facil-
ities,"d and was recently reaffirmed by the Agency in December 1983.9%
(3) It is possible that other source categories may emit similar or
lgrger‘ quantities of 2378-TCDD or have a greater exposure and risk
a;socia:ed with them than municipal waste incinerators. This camnot
be determined unless resources are devoted to tegting other source
categories, and
(l;) There appears to be considerable 1local interest in testing
;pécific wunicipal waste incinerators, so that resources external to
th.‘n_.s's stud} will likely be available to test these facilities, even if
municipal waste incinerators are uot tested under Tier 4. At present,
approximately ten municipal waste incinerators are under consideration
for testing, primarily by Region III, {ndividual States, other agencies
and by Enviroument Canada.
For these reasons, the Agency has decided not to focus the Tier 4 effort

on municipal incinerators. At this time, the Agency, tentatively plans to test

only one incinerator (Hempstead, New York,) as part of Tier 4 to fulfill a

16~



previous committment. However, the data collected from the various other tests

- .of un:lcipal 1nc1neracors by other agencies w:lll be obtained, and 1ncluded in _

.r\‘ ¢4 e,:_'_f,o..’ S A g ,n:.,“. . } y “‘ _., J-v’_ _.__.. _:

the final Tier 4 report..

2.2 Alternative 2: Investigate Conditions Which Increase/Decrease
Dioxin Emissions :

Another alternative considered was to include a study in the Tier 4 program

_ degsigned to examine the significance of various combustion device operating pa;

rameters on the magnitude of dioxin emissions. Under this option, detailed stack

sampling would be performed at ome or two facilities. Operating conditions such

as percent load and percent excess would be carefully monitored over a range -and
emissiouns measured for correlation.

It is recognized that such work 1s useful and recessary to understand how
dioxin emissions can be minimized, however, such a study has not been included
in Tier 4. Again, the primary reason 1s limited project resources. There are
glearly insufficient flxnds available to characterize both a broad number of com-
b{t;ls;icm source categories a;nd to perform Fhe type of stack testing which would
be needed to determine quantitatively the significance of various operating
parameters on emission rates.

Further, other agencies already have projects underway which are designed
to .addre.ss this specific 1ssue. Eavironment Canada, for example, has recently
initiated a three year, $3 million study designed to investigate the signifi-~
cance of changes of various operating conditions upon emissiona of 2378-TCDD at

~ three municipal waste incinerators. Also, fhe ASME plauns a series of tests at
a United States incinerator designed to provide data to develop a relationship
between various operating parameters and 2378-TCDD emissions. For these rea-
gons, Tier 4 studles are not desired to collect additional field data specifi-
cally to characterize the sigunificance of operating parameters. Rather, Tier 4
will obtain the results of other studies that are underway and as previously
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conducted and summarize their findings in the final Tier 4 report. Operating

L data from all sources tested under: 'rie: 4. will-however;- be carefully mnicored
and documented so they can be included in the data base for generally analyzing

the effects on emissions of 2378-TCDD.

2.3 Alternative 3¢ Develop A Mechanistic Model To Escima:e
: 2378-TCDD Emissions
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tion source category would not be within reason, it has been suggested that an
empirir;al or mechanistic model be developed which could be used to estimate
emissions of 2378-TCDD from source categories which could not be adequatei-y“
tested. While such models may be of value in estimating emissions, this alter-
‘native was not included in the final Tier & plan for the following reasons:
{1) The design of a mechanis.'t:ic or empirical model prior to any data
collection effort may require a substantial amount of time. Given the
current schedule of the Natiomal Dioxin Strategy, it is. clear that
Bl s " there is not sufficient time to (a) design such a medel, (b) collect
‘the source test data, (c) validate the model, and (d) estimate dioxin
emissions for many source categoriles;
(2) It 1is not entirely clear, at this time, if a single medel could
be developed which would be applicable to all combustion source cate-~
gories, or whether a number of models would need to be developed for
various types or groups of combustion source categories. If the
later case 1s't£tue, coungsiderable funds may be needed for development
and validation. Certain theoretical models now exist, but the prac-

tical field application of these models is believed limited at this

time; and

“'Since resouces to conduct fetailed stack tests for each candidate combus= =
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(3) The development and validation of such models may not be possible
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colleeted umder Tier 4.
For these reascns, the Agency has decided noz to include the development of

mechanistic or empirical models as part of the Tier 4 program. However, it is

ot suncessful, ‘8iven the limited amoun: of :es: data which can be .
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anticipated that a project to further examine tha feasibility of developing a

*-practical empirical or mechanistic model(s) will be:likely later. "Such efforts .

could use the data collected under Tier 4 and other projects as a framework to

design such a a model development and validation program.

2.4 Alternmative 4: Collect Ash Samples From A Large Number Of
. Source Categories

In order to address which source categories emit 2378-TCDD, it has been

sﬁgges:ed that ash samples be collected from a large number of combustion

source categories. Under this alternative, ash sampling would become the pri-

mary activity of Tier 4. While the initial Tier 4 program has been modified as
a result of this comment to include more extensive ash sampling tham originally
planned “a totally comprehensive ash sampling program was not included in Tier 4

because ash samples have a limited value in identifying sources which may emit

2378-TCDD.2 1In a few cases where 2378-TCDD has been measured in the flue gas,

ig was not meagsured in the ash. Further, coucen:racions of 2378-TCDD from

available data do not correlate sufficiently with emissions data to allow them

to be used to estimate 2378-TCDD concentrations in the flue gag. There are also

cases where 2378-TCDD was not detected in the ash but was measured in the stack
gasses. Although the data available tend to suggest a "trend,” ash sampling has
limited value, even to address which sources emit 2378-TCbD. It is expected
that the additional data collected at the stack sampling sites for Tier 4 will

provide the basis for revaluation of this correlatioun at the end of the study.

-19-
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237a-rcnn should be includéd under the ash sompling program.

The Tier 4 study has been designed in such that ash sampling will com~

information to prioritize the source categories believed to havé the greatest
potential to emit 2378-TCDD for stack testing. Suggestions are, nevertheless,

golicited from the Regiomal Offices and other reviewers of this document on

wheche: other source categories which have a.reasonable liklihood of emitting

,,,,,,,,,,, IR PRNREON

2.5 Alternative 5: Analyze Samples For Specific Isomers And
Homologues Of Furans

—

It has been suggested that the sampies collécteq under Tier 4 be analyzed
for furans, as well as 2378-TCDD and higher dioxin homologues. While there is
éeneral agreement tﬁat information on'furans would bé beneficial, these analyses
have not been included in the work plan, primarily because of resource and time
constraints. If furan analyses are included, fewer dioxin analyses are possible.

.~ The Dioxin Strategy has;been.de51gned.to-focud on 2378-TCDD. Although it
recognizes. the possible importance of other dioxin isomers and "dioxin-like"”
compounds and has initiated a program to asgsess what should be done concerning
the other isomer issue, the Strategy fur:hér recognizes that implementation of
any other isdmér éfﬁgram is contingent upon availability of adequate resources.
At this time, Tier 4 has been allocated approximately 700 analyses from the
TROIKA. These allocated analyses are currently plamned for 2378-TCDD or dioxin
homologues. If furan analyses were included, ounly about half of the planned
dioxzin analyses could be complete. For this reason, furans have not been

included. in Tier 4. However, sufficient samples will be collected and splits or

or extracts stored for possible follow up anmalysis.

-20-
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" pliment the gtack testing program. --The ash samples. will be ‘used with other
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Section 3
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.......

3.1 Overview

This section describes the process which was used to identify those
combustion source categories which are likely to have the greatest potential
to emit dioxin to the ambient éir.'-rhe;e source catego;ies ar; candi&a:es fér'
source sampling under Tier 4. The process initially involved a literature
review of information related to dioxin emissions from combustion sources.} The
information was reviewed to determine (a5 which combustion source categories QZJ-
already been tested for dioxin and (b) which factors appear to be most important
with respect to dioxin'being emi:te& from combustion souices. Criteria were then

applied to prioritize those source categories believed to have the greatest

poteatial to emit dioxin.

3.2 Literature Review And Evaluation

An initial literature search for dioxin emissior information was made in
1983 for OAR/EPA.l0 This search was used as the starting point for a more
gpecific searcﬁ concerning dioxin emissions from combustion sources. Contacts
were made to ldentify recently performed or ongoing studies which could be used
to supplement the data base., While the full results of the 1iteratur; review
are reported elséuhere, the following paragraphs provide a summary of the key

findings of the search.?

3.3 Summary Of Available Data

A review of the literatured has i&entified 12 combustion source categories
which have been tegted for dioxins and for which data are available. Table 3-1

lists these source categories and the concentrations which have been measured.
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TABLE 3-1. COMBWSTION SOURCES FUM MILICH SCBN TEST UATA ARE AVALLABLE

1

T

Huaber OF TCLD® 2378-TICDDA
Facilitias
Source Category Testad Sasple Hean Raoge Hean Haoge Rafarencan

Municipal Usate Cosbustors

o U3A ] Stack 3.5 og/ad HD-240 ng/ad 3.5 ug/md |0.30 - 9.} aglad M -1s

o Buropasa 1 Btack 25.6 ag/md ND-128 ng/m?d -b - 16-20
tasardous Wasts locimstatoss

o lIncioerator Bbip Stack HDF ND - - n, 12

o Laad Based Incinerators 10(7)9 Btack 0.56 a;ln’ ND-2,5 n;l-’ ND a8 3 -26
Sswege Sludge Incinecators 1 Stack t t - " - a7z
Utilicy Cosl Batlecs ? Stack o ND - - 12, 13
Coamercisl Bollers (Naste Pired) 66) | stack s s - - 2
Ioduatrial Botlers (Naste Fired) ) Gtack 10.13 ag/wd ND-40.5 pg/ad 18,000 pps® | ND-55,000 ppt 5,29-31
sctiveted Carbon Regecerstiam 1 Stack 0.003 ppt ¥D-0,050 ppr 0.038 ppt ND-0.083 ppt n
Reaidential Coabustiont 4 Scraplags 329 ppt ND-777 ppt 242 ppe 26-600 pps 5 3
Wbile Sourcesd 94 Exbaust 4.0 ppt ND-20 ppt ‘3.0 ppt . 3, ¥
Vire Raclasstion Incinerators ) Scraplngs 3 pps 38-410 ppt - - 33
Line/Camsnt Kilas (Waste Fired) 1) Beack s s - - . %
Accidenkal Xlectrical Equipmsnt ‘?

Pires 2 Wal) Sulpes 44 ppal MD-395 ppm 0.059 ppa s 7,

A7CP0 = Teirachlosodbbenso-g-dioain.

bpash = Mo data.

CND = None detecied (detection limits vary).
dpunder of taata which have been pecformed, but for which the Fesulte heva oot bean officially reported.

84 = One datum, 00 veoge avallabla.

fpCDD gcan ouly. PCDD concaatvatlons ranged fros 483 ng/ad to 1,140 ng/e? with & mesa of 739 ng/al.

SRssults have nof yat bLesn offictally veporied.

hppt « Parte por Erfllfoa by wight.
1puale include woad, wod/od) atsture, snd natural ges.

J7usla tncluds dtesel, unleaded and leaded gasolina.

ta the other sertes, filgec sudium from exhsus: samplen.
kincludes PCD treasiormess snd capacitor battorise.

lpm = Parts per millfon by weight.

io ond Ceet serfss ushauat scraplogs ware anslyzed,
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.General operating characteristics of the sources which were tested are sum-

marized 1n Table 3-2 and are used below to identify combustion rela:ed para-
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meters which nay affecc the likely presence and magnitude of dioxin emissions
from combustion sources.

Dow Chemical's "Chemistries of Firg" hypothesis proposes that polychlori-
nated dibenzo dioxins (PCDD's) are a common and natural byproduct of fire.3
However, an evaluation of data from the literature suggests that PCDD's are :;7, e
emitted during the incomplete combustion of either (a) dioxins or (b) dioxin
precursors. Although uncertainty remains, dioxin precursors are defined for
purposes of this work plan as chlorinated aromatics which can produce dioxing——
through bimolecular reactions and thermal rearrangements. Examples include
chlorinated phenols and chlorinated benzenes. Based on the literature teview,3
the following appear to affect dioxin emissiouns:

*BPCDD in feed,
*Precurgors in feed,

‘Chlorine in feed, (1. e., chlorinated compounds cannot be formed
without chlorine present);

°Combustion temperature,
°Residence time,

°Oxygen availability,
°Feed procesasing,

°Supplemental fuel.

3.3.1 PCDD In Feed3

2378~TCDD is an impuricty that can result from the manufacture of
trichlorophenol, which is used to make the herbicide 2,4,5-trichlorophenoxy ace-
tic acid (245-T). Pentrachlorophenol (PCP) production can also result in a PCDD

contaminant, primarily octachlorodibenzo-p-dioxin (OCDD). The primary end use
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Table 3-2. Characterfstica 0f Sources Tested For Dioxina ' 2
; , - H
Source Precurgora Purnace Type Temporature '~ Available Afr® 3
. R
144
Hunicipal Waste Combuators [y ap
= e
o Conventional Cl-aromatics Matervall 500-1000°c - | Low B
o Refuse Derived Fuel Boflers Cl-aromacica Spreader-Stoker 1000°C B Excess
Hazordous Waste Incinevators “L
o Lend Based PCBe, PCPe Rotary Kila 1200°¢c Excess ¥
o Incinerator Shipa FCBe, PCPs Pual Chamber 1600°Cc Excess \?
f .h".
Sevage Sludge Inclneratore PCBa, Cl-aromatics Mulciple Heerth 450-950°c low o
Ucility Coal Boilers Coal, low Chlorine Pulverized Coal 1200°C Exceas
Commercial HBoilers ) E
(vaste~fired) cP Small Fire Tube 1000°c "% Bxcess
Industrial Bollers N © e
(wasto-flred) BCP, Cl-aromatics Liquid Injectlon/Stoker 1300°C .. - Bxcess
o ' s k
Activated Carbon Regeneration PCBs Fluidized Bed 750-1000°C Limlted
Regidential Wood Combustion Low Chlorine Hood Stoval?lreplace <500°C Low
Mobile Sources Low Chlorine Internal Combustion Engine 1800-2500"C ‘J Excess
I
Wire Reclomation Incinerators PCBa, PVCa Batch/Conveyor 500°C "",\i Limited
Lime/Cement Kilns “ ;
(waste~fired) Cl-organics Rotary Kiln 1400°c .. Excees KL
R il
Accidental Transformer Flre pcBa, Cl-beozenes Uncontrolled PCB 01l Fire NAb ; . BA ! s'xl
% Excesa: High air/fuel ratfo with efficieat afxing. . “a?_:l‘
Lows High air/fuel tvatto with fnefficlent mixing. & s
Lisited: Designed for low aly/fuel ratio. W
b NA; Mot Available e :




for PCP i3 as a wood preservative. It is anticipated that limited dioxin coantam=-
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inat:ion will also occur during the manufacturing of other similat chlorinaced
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aromatics, patt:lcularly if t:he manufaccuring procesa is inefficient or no: well
controlled. Therefore, dioxins are expected to enter the environment as a
contaminant of commerical prddu.cts, such as wood. preservatives and pesticides.

The widespread use of these products increases the possibility of

- ' e 4.'.";".1;:ding dioxins- in the feed of a combuation .‘procegs._ For example, PCP- treated . .- A

wood may be used to fire boilers. Runoff may carry pesticides containing dioxing
to water treatment facilities where the organics are incorporated into a sludge.
The sludge may then be incinerated. Likewise, contamipated waste streams from—
manufacturing pmcesses may be 1ncinerated as an energy recovery procedure.
Two examples are PCP sludge iuncinerators used at wood preserving facilities and
black liquor recovery boilers used at paper mills.

Boiler studies discussed in the literature reviewS demounstrate that
if PCDD's have been detecl:ed in combustion source emissions with PCDD's in the

iy st

feed of an 1nefficien1: or poorly controlled combustion process, it is very

] H

likely that they will be released to the atmosphere.

3.3.2 Precursors In Feed

Most of the experiments reviewed focused on the formation of dioxins
and furans from precursors. Esposito et al. presented detailed descriptions of
the formation mechanisms of chlorinated dioxins from precursors.39 This work
organizes dioxin precursors into three classes:

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

Clags II - Ortho-halophenols and ortho~halophenyl esters where the
substituted groups are a mixture of halogens and nonhalogens; and

Class III - Other chemicals having the possibility, but less likeli-~
hood, of dioxin formation, including chlorinated aromatic compounds.

~25-~



The majority of experimental work to date has centered on three classes

iETre 1an of precursors: . i:hlorinr‘a.:edfphenols,_.*chlo:inatedf benzenes, ‘and PCB's. - Diexin-"%
fo-mation from thd combustion of chior:lnated phenols has been tested extemsively
by Rappe“o Janssonl , and Ahling“z:“. Dechlorination of highly chlorinated
homologues can result in formation olf the more toxic 2378-TCDD iscmer. Chlori~

nated phenols are used as wod pre.se.rva:ives herbicide.s, and for sap st:ain.

o . & " .
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cont:rol ) Wood or vegetation sprayed w:f.th chlorophenols may be disposed of by
incineration or used as a supplemental fuel in boilers. In addition, chloro-
phenol wastes are often disposed of in gludge incinerators and industrial
boilers. The iden:ified references abo;p provide a reasonable basis for cd;:’
sddpring these combustion sources as candidates for the Tier ﬁ testing program.

‘ Buser investigated the ‘ formatioun of PCDD's and PCDF's from the
pyrolysis of chlorobenzenes.44 The formation‘mechani;m included a chlorophenol
and a polychlorinated diphenyl  ester (PCDPE) intermediats. Chlorobenzenes are
ised in solvents, dyes, pharmaceuticals, and rubber production. Such products
ngpke up much of the organic chlorime found in municipal waste incinerator feed..
The associated waste products may also be disposed of in other incinerators or
boilers.

Buser also i{nvestigated the formation of PCDF's from the pyrolysis of
PQB'3.45s47 No expe:dmencal work has been identified on PCDD formation from
PCB'a. However, several studies have been identifled that found PCDD's emitted
from PCB fires.23,37,38 ;In addition, PCB's are frequently in solution with hex—
achlorobenzenes which have been shown to form PCDD's. PCB's have used as dielec-
tric fluids, in transformers and capacitors hydraulie fluids, plasticizers, and

dyes. The incineration of PCB's at waste dispesal facilities or in boilers may

result in PCDD and PCDF emissions.



3.3.3 Chlorine In Feed

’rhe chlorine content of fuel i3 abviously an 1mpor:anl: parame:er

"""" “ s ‘.,._

'-Jaffecting the formation of PCDD's or PCDP's.’ Shih e Lal_ developed a ranked
priority list of counventional combustion systems emitting polyeyclic organic
matter including PCDD's and PCDF's.%9 The rationale presented for source
ranking is based on fuel characteristics and combustion coonditions. Shih's
work places great emphasis on 'both the ct!lor:_:lne content of f:he. fged and the
" concentration of aromatics in the feed. |

Other authors have demonstrated the effect of chlorine on dioxin
emigsions. Mahle et al. demonstrated that PCDD's were emitted from coal combua-_.
tion only when chlorine was added .50 Tiernan g_t_:_a_l_._. found PCDD formation during
- the combustion of pine in the preseace of HCl, but no PCDD's were detected during
the combustion of pine alone.?! Liberti studied the combustion of vegel:ahles.s’2
When inorganic chlorine or PVC is added, PCDD's and PCDF's were detected in the
feed. While there is general acceptance that some chlorinated compounds are con-
clusive to dioxin formation, these inorganic chlorine studies demonstrate that
the specific mechanisms involved {n 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 genmeral trends suggest that increased chlorine

concentrations in the feed may Iimprove the possibilities of PCDD emissions.

3.3.4 Combustion Conditions

The remaining factors that affect PCDD emissions are combustion
conditiong. These are combustion temperature, residence time, mixing, use of
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 tem~
peratures, available oxygen, high heat content fuel, and long residence times.
Each factor {3 discussed separately below.
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3.3.4.1 Combustion Temperature
RIS Experimental evidence suggests that temperatures of 500;800°C promote
PCDD formation, while temperatures greater than 800°C destroy PCDD's.5,43 47
Buser et al. showed that PCB pyrolysis at 550-650°C forms PCDF.47 However,
pyrolysis at temperature greater than 700°C cause 99 percent destruction of
PCB's and no PCDF formation.3® 4Ahling et al. produced similar results for both.
PCDD's and PCDF's during the combustion of chlorophenols.“Z ST

Combustion temperature 13 a function of the BTU (British Thermal Unit)

content of the fuel or supplemental fuel, the available air, and the degree of

—— ———

fuel processing. Municipal waste incinerators are considered a significant com—

bustion source of PCDD's.}4-1% These large mass burn units are characterized by
low combusé;on temperatures, due in part, to the high moisture, low BTU fuel;
poor ailr/feed mixing due to the lack of feed processing; and lack of supple;en-
tal fuel. In comparison, many hazardous waste incinerators and high efficiency
boilers are designed for very efficient combustion. These units burn high BTU
fuels and/or add high BTU suppiemental fuels; and, even if the air/fuel ratio
13 low, the air/fuel mixing is efficient. The fuels are processed to decrease
mositure and improve mixing. In many cases, high temperature afterburners are
used for the combustion of offgases. Several studies have been identified that
demongtrate the effects of high combustion temperatures on PCDD’'s and PCDD pre-
cursors.22,23,26 por example, no PCDD's were detected in the emissions of the

Vulcanus incinerator shiﬁ during the combustiou of PCDD contaminated Herbicide

Orgnge.22 The combus:ion‘tempera:ure during this project was 1600°C.

3.3.4.2 Residence Tinme

The residence time necessary to destroy PCDD's and the combustion
temperature are inversely related. The higher the combustion temperature, the
shorter the required residence time for PCDD destruction. Likewlse, a low
temperature source will require a long residence time for destruction of PCDD’s.

-28~
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Sachdev et al. showed that an increase in both temperature and residence time

_decreased the fomacion of PCDDQ'g I_fr_om ._c._hltprophepol Eco.mbust;:!:onn.si._ Simila::.
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resuylts have been found at hazardous waste incinerators that run with 1.5~2.0
second residence times. Combustion sources with longer residence times and
high temperatures are less likely to form products of incomplete combustion,

‘guch as dioxins.

b - — - . Ta el el S

3.3.4.3 Oxygen Availability

Oxygen’ availability is a function of both the air/fuel ratio and air/

fuel mixing efficiency, both of which are of concera when burning solid fuels.

— r——

Solid fuels and high viscosity liquid fuels (waste tars, etc.) burn as partic-
ulates or large droplets, and therefore portions of the fuel are burned in low
oxygen or pyrolysis cood{tions. A low air/fuel ratio or poor air/fuel mixing
will promote poor combustion conditions and the formation of PCDD's. Jansson
demonstrates that an insufficient air supply increases PCDD emissiona from
chlorophenol combustion.4l -Muncipal waste combustors are usually fired with
excess air. However, large mass burn units have poor air/fuel wmixing due to
the lack of fuel processing. Activated carbon regeneration and wire reclamation
incinerators are both designed with limited air (some wire reclamation is done,
in poorly designed nearly open chambers which are conducives to low temperatures
and mixing). All of these cases have been shown to emit dioxins.l4:32,35 Avai1-
able oxygen will be considered during the source ranking. Sources with a low
air/fuel ratio or poor air/fuel mizing will be considered potential sources of

PCDD emisgsions.

3.3.4.4 Feed Processing

The feed material for a combustion source may be a liquid, a solid,
or a gas. Both liquid and gaseous fuels can be easily mixed with air resulting

in a high combustion efficiency; solid feeds usually require some processing to

-29-
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“and combustion. Larger particles will require loanger residence times and may

1mprove combustion. Often solid feeds require drying, shredding, or gseparation

to 1mprove combustion. Similarly, high viscosi:y fuels, for- example waste
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tars, require some preparations including preheating and atomization prior to
combustion.
Feed processing will determine, in part, both oxygen availability and

regsidence time. Fine, homogeneous feed particles will improve air/fuel mixing

result in local oxygen deficiencies due to poor miiing.. High moiéfure will‘also
decrease combustion efficiency. Therefore, highly processed homogeneous feeds

are less likely to emit products of {ncomplete combustion, such as PCDD's:—

3.3.4.5 Supplemental Fuel

When burning a low BTU fuel, the addition of supplemental fuel will
increase the combustion temperature and Iimprove combustion. Haile et al.
tested a boiler cofiring RDF with coal.l2 The boiler temperature was 1200°C,
g%; no PCDD's were detected. Dow Chemical tested an industrial incinerator
b;rning waste tars without supplemental fuel and“found parts per billion (ppb)
i;vels of TCDD's in the fly ash.? After the addition of a supplemental fuel, no
TCPD'S were detected.

3 Rhen selecting sources for the Tier 4 testing program, sources fired
wié#ﬂhigh BTU supplemental fuel are considered less likely to emit PCDD's.
Sc;t'u.'ces buraing lcn-w BTU wastes without supplemental fuels are high candidates

for testing.

3.4 1Identification 0f Source Categories With A Potential To Emit Dioxin

The previous paragraphs have identified a number of parameters which are
likely to affect either the presence and/or magnitude of dioxins emitted from
combustion sources. In the analysis described below, combustion source cate-

gories are reviewed to determine which exhibit characteristics more closely
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asgsociated with these parameters. Source categories so identified are higher

priori:y candidates for soutce sanpling under tie: 4.
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A b:oad list of combustion source categoties is ptovided in Table 3-3.
Thege source categbties ware examined ia a somewhat Judgmental manner with the
combustion related parameters previously desecribed. This process resulted in a

Iisting of combustion source categories (see Table 3-4) which are considered to

’.be-associated with these parameters. This listing also identifies. those source

categories where dioxia has previoﬁsly been found to be emitted. Source cate-
gories in Table 3-4 represent the comb&;tion source categories which are
candidates for source sampling under Tier 4.

A number of the source categories initially listed in Table 3-=3 do not
appear in Table 3-4. For example, fossil fuel-fired boilers, proéeés'heaters,
and gas turbines have been excluded due to their use of fuel with low chiorine
content. For the same reason, industrial processes using low chlorine fossil
fuels, such as the production of carbon dlack and coal gasification, have not

.been included. ]

Sources burning a low annual tomnnage of fuels, such as coffee roasting,
pathological incinerators, meat smoke houses or open burning, also have not been
included in Table 3-4, Similarly, intermitteﬁt sources, such as structural
fires have been excluded. While some of these sources may possibly emit 2378~

TCDD, these source categories are not expected to pose as great an exposure

problem as would be expected from large sources which operate continuously.

3.5 Development Of Criteria For Prioritizing The Candidate Source List

It will not be posaible to stack test each of the candidate combustion
source categories listed in Table 3=4 Tier 4. Therefore, a method for prior-

ieizing the candidate source categories by groups was developed. The process

-31-

R S R e B RS Shd



Table 3-3.

Combustion Sources

Fossil Fuel Boilers, Process Heaters,

or Engines
Boilers

coal=-fired

oill-fired

natural gas—fired
liquefied petroleum gas
wood

Process Beaters

-— oil
natural gas

refinery gas

Turbines

oil
--— patural gas

Internal Combustion Engines
-~— stationary
-~—~ mobile

Home Heating
-—  gil

natural gas

coal

wood stoves/fireplaces

Waste Disposal Operations

Bagasse Boilers
Woocd Waste Burners
Refuse Derived Fuel Boilers
Municipal Waste Incinerators
HBazardous Waste Incinerators
= land based
—— 1incinerator ship
Sewage Sludge Incinerators
Waste 0{il1 Boilers
Cement/Lime Kilng (Waste Fired)
Wire Reclamatiou Incinerators
Carbon Reactivation
Pathological Incinerators
Black Liquor Boilers
Open Burning

Agricultural Burning

Industrial Processes

Catalytic Cracking
Charcoal Manufacturing
Carbon Black Manufacturing
Coke Manufacturing

Coal Gasification

Asphalt Manufacturing
Coffee Roasting

Meat Smoke Houses

Black Liquor Boilers'(paper mills)

Accidental Fires

Electrical Transformers
Structural Fires

Forest Fires
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Table 3-4. Combustion Source Categories Believed To Have
The Greatest Potential To Emit Dioxins

Source Rationale

Hazardous Waste Incinerators TCDDL Detected

Municipél Waste Incinerators TCDD Datected

ROF2 Boilers TCDD Detected

-c;mmercial Waste 011 Boilers TCDD Detected

Industrial Boilers Co-firing Wastes TCDD Detected '

Wire Reclamation Incinerators TCDD Detected

Activated Carbon Regeneration TCDD Detected

PCP3 Sludge Incinerators TCDD Detected

Sewage Sludge Incinerators PCDD* Detected

Mobile Sources TCDD Detected

Wood Stoves/Fireplaces TCDD Detected
- Wood/Bark Boilers - Experimental results with PCP treated
Charcoal Manufacturing - ;;;:rimencal regults with PCP treated

wood, combustion conditions

.Black Liquor Boilers PCB'sS in effluent, PCPs in feed
Cement/Lime Rilns Co-firing Wastes Precursors present

Small Spreader-Stoker cQal Boilers Favorable combustion conditions for

" dioxin formation

LTCDD refers to the tetra homologues as a group. Available analyses are mixed, with
some researches reporting "total tetras” and others reporting 2378-TCDD or bath.

The pregsence of TCDD's gemerally indicartes some likelihood of 2378-TCDD being
present.

2RDF = Refuse Derived Fuel.

3pCP = Pentachlorophenol.

4pCcDD = Total of all dioxia homolgues or Polychlorinated dibenzo dioxins. While
dection of PCDD's does not necessarily indicate presence of TCDD or 2378-ICDD,
there are sufficient data to infer such in this case.

5PCB = Polychlorinated biphenyls.
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used was subjective, siﬁc.e ne reglistic assigmment of weigh:ing'factors could
be made for the ranking criter;a. Criteria and the “decision tree” used to
prioritize the candidate source categories are illustrated in Figure 3-1.

Based on these criteria, candidate source categories were placed into ome
of the four groups listed in Table 3=5. Table 3-5 also presents the grouped
source category list. The source categories within a particular group are ot
listed in any particular order. The Rank A group is expected to be the most
likely to emit 2378~TCDD and have the greatest potential for human exposure.

Rank B and C groups also have a fairly high likelihood of emitting 2378-TICDD

e r—

but are hypothesized to present less of an exposure problem. Rank D source

categories have been tested three or more times.® -

3.5.1 Rank D Source Categories

Rank D source categories include municipal waste incinerators and
industrial boflers co—~firing wastes. Six municipal waste incinerators have been
tested in the United States.ll-13 several fly ash and stack tests have also been
conducted in Canada and Europe.m“zo A total of 3ix, wastefired, industrial
boiler tests will be available after re-anmalyzing archived samples from indus-
trial boiler tests. Because more than three stack tests have been conducted for
each of these source ca.cegories, they were oot considered for additional testing

under Tier 4, beyond that required to fulfill previous commitments of the agency.

*As described in Appendix A, {t is believed that data from three different
gsourceg provides a reasonable amount of data to characterize a particular
source category for this effort. Appendix A also demomstrates that it will not
be pogsible to obtain statistically significant results under Tier 4, since it
is not possible to test enough sources under this program to obtain a rigorously
representative sample to be able to develop meaningful confidence limits and
account for variabilities that exist among sources.
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Preliminary Source List (From Table 3-4)

Rank D
3 Or More Yes - Mmicipal Waste Incineration
Valid Tests Industrial Waste Boilers
No
Rank C
Mobile Sources
- Wood Stoves -
Potential To Emit 2378-TCDD Wood Fired Boiler
Low Spreader Stoker Coal
1. TCDD! Detected Hazardous Waste Incineration
2. Precursor Level ' Lime/Cement Kilns
3. Combustion Counditions
High
Rank B
Y -
2CP Sludge Incineration
Size2 Of Small - Carboun Regeneration
Source Category Charcoal Manufacture
Wire Reclamatioan
Large
Raok A

Sewage Sludge Incineration
Black Liquor Boilers
Commercial Waste 0il Boilers

lsome researchers have reported only the total for the tetra homologue. The
presence of TCDD is assumed for this ranking procedure to be adequate to
indicate the potential to emit 2378-TCDD.

2"31ze" of category takes into consideration the number of sources, their
emission volume and general location with respect to exposed populations.

Figure 3-1: Ranking Criteria and Decision Tree
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Table 3-5. Ranked” Source.Category List

Rank A Source Categories:

Sewage Sludge Incinerators

Black Liquor Boilers

Commercial Bollers Firing Fuels Contaiminated with Chlorinmated
Organic Wastes

Rank B Source Categories:

PCP Sludge Incinerators

Carbon Regeneration (industrial)
Charcoal Manufacturing

Wire Reclamation

Rack C Source Categories: . —n

Wood Stoves

Wood Boilers (Firing PCP treated wood)

Mobile Sources

Small Spreader—~Stoker Coal Boiler

Chlorinated Organic Waste Incineratars

Lime/Cement RKilns Co-fired with Chlorinated Organic
Wastes

Rank D Source Catagories:

Municipal Solid Waste (MSW) Incineration
Industrial Boilers Co=firing Wastes

*Ranking is by group, not by sources within a group.

Rank A: Large source categories (greater than 1 million tons of fuel and/or
waste burned annually) with elevated dioxin precursor contamination or
feed/fuel. These categories have a high potential to emit TCDD and
population exposure is expected to be high.

Rank B: Small source categories (less than 1 million tons of fuel and/or waste
burned annually) or source categories with limited dioxin precursor
coutaminatioa of feed/fuel. These categories have a high poteantial to
emit TCDD but population exposures are expected to be low.

Rank C: Source categories less likely to emit 2378-TCDD.

Rank D: Source categories which have been tested three or more times.
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3.5.2 Rank C Source Categories

Rank C source categories are thogse which have been judged. to be less.
likely to emit 2378-TCDD, when compared to the other candidate source categories.
This is based on the following factors: (a) the level of 2378-TCDD detected in
previous tests, (b) the anﬁicipaced level of precursors in the fuel/feed, and
(c) the likelihood of conditions favorable to incomplete combustion. Rank C
gouyrce categories include wmobile ‘sources, wood. stoves, wood boilers, small
spreader-stoker coal boilers, hazardous waste incinerators, and lime/cement
kilps. i

Mob:l.lé sources have been testad in two earlier studies.5»3% 1In both
cases, 2378-TCDD was detected at the part per trillion (ppt) level in particulate
matter secraped from exhaust systems or in filtered exhaust samples. Chlorine
content of the gasoline and diesel fuels are also low (0-100 ppm). Based on
thogse earlier tests and chlorine content, mobile sources have been ranked C.

Wood stoves have been tested by Dow Chemical.3,33 2378-TCDD was
detected in chimney scrapings up to 100 ppt. The chlorine coatent of wood 1is
.less than 100 ppm. Although the combustion conditions found in wood stoves
favor the formation of dioxins, the low chlorine concentrations and the low
levels of dioxins detected in earlier studies indicate that this category may
not emit high levels of 2378-TCDD. Nevertheless, 48 million tons of wood are
burned annually, so the potential exposure could be considerable. Wood—fired
boiler (burning untreated wood) are more efficient combustion systems and are
also ranked C.

Small, spreader-stoker coal boilers have also been placed in the
Rank C category. This source category was ranked in this manner because of
combustion conditions which favor dioxin formation (e.g., relatively low com~

bustion temperatures and poor air/fuel mixing due to large feed size). It



should be noted that tests on high temperature, coal-fired utility bollers have
" not detected dioxins in stack emissions.

Both hazardous waste incinerators and lime/cement kilns co-firing
wagtes have been ranked C. Elevated levels of chlorinated dioxin precursors can
be expected in the feed of these spurce categories. ] However, previous tests have
ghown that relatively low levels of dioxin are emitted.23-26,36 Thig is due to
combustion conditions which are not favorable to dioxin formation. Generally-,h
combustion temperatures for these sources are greater than 1000°C, and the resi-
dence time for fuel ranges from ome to two secouds. The use of high BTU supple-
mental fuel and afterburners also decreases the likelihood of dioxin emissions™

:from these sourcas.

3.5.3 Rank B Source Categories

Sources with high potential to emit are vranked A or B. Rank B
source categories are smaller source categories (less than one million tons of
fuei burned per year) or-a.ré categories- with lower concentrations of precursors
in the feed. These include PCB sludge incineration, carbon regenerati;an,
charcoal manufacturing, and wire reclamatioan..

PCP waste inpncineration has been evaluated in two stud;es..3°v54 In
both cases, PCDDs were detected 1in £fly ash samples. Through experimental
studies, PCPs have been showm to form octachlorodibenzo—-p-dioxins (OCDD) during
combustion.4! Dechlorination of OCDD can result in TCDD's and thus 2378-TCDD.2?
Annually, 19,000 tous of PCP are used to preserve wood .33 Only a swall percent-
age of this i3 incorporated inm sludge which must be disposed. Typically, the
sludge is incinerated at, the wood preserviag plant, along with scrap wood. The
lack of feed processing and the high moisture content of the sludge can result in
poor combustion conditious. Therefore, PCP sludge incineration {s a potential

source of dioxin.



Activated carbon regeneration was also been ranked B. In order to
-prevent the combustion of the carbon during the carbon regeneration process,
the air/fuel ratio and the combustion temperature (800°C) are kept low.56
These conditions are conducive to incomplete combustion. The thermal regen-
eration of activated carbon has been studied at one source, where the spent
carboa had been used to treat a water supply syst:em.32 Ppt levels of TCDDs were
detected in the fly ash. Precursor levels in the carbon are low in comparison
to what may be expected in carbon used to treat an industrial waste stream.

Charcoal manufacturing is a source category with combustion conditions

- — ——

which favor dioxin formation. Furnace temperatures are kept low (500°C), and

- both alr/fuel ratio and air/fuel mixing are poor.57 Source category surveys

indicate that charcoal manufacturers are aow heavily using scrap wooed from saw
mills.3’ Much of this wood may have been treated with PCP products for sap stain
control. The combustion conditions, along with the potential use of PCP treated
wood, indicate that this scurce category has a high potential to emit dioxins.
Approximately three to four million tons of wocd are used annually in the produc-
tion of charcoal.3? However, not all of this wood is PCP treated. In addition,
the majority of charcoal manufacturing facilities are located in rural settings.
For these reasons, this source category was placed ia the Rank B category.

The final Rank B source category is wire reclamation incinerators. In
previous tests, ppt levels of TCDDs were detected in fly ash samples.35 as with
carbon regeneration and charcoal manufacturing, both the combustion temperature
and available oxygen are kept low in this 1:n':<:|o::e:;s.58 Wire insulation incinerated

during the process often coantains PCBs and polyvinyl chloride.
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3.5.4 Rank A Source Categories

The remaining source categorles were ranked A. These are sewage
sludge incinerators, black liquor boilers, and commercial boilers co-firing
chlorinated wastes.

Approximately 1.5 million tons of gewage sludge are incinerated
annually-59 The high moisture confent of the feed can result in poor combustion
conditigns. In additioﬁ, sewage from an industrial area may contain elevated
levels of PCBs and other chlorinated aromatics. In an earlier Canadian study,
PCDDs were detected in stack emissions.2’ Many newer units are operated on a
fuel efficient system. In order to save-energy, both the combustion temperat;;;“
and thé available oxygen are held low.

| Black liquor recovery boilers are also Rank A sources. Approximately
13 percent of all fuel used in large industrial boilers is pulping liquor.eo
Some 42 million tons of pulping liquor are recovered by burning in boilers of
..which black liquor boilers are a subcategory-61 Due to wood treatment at saw
mills and biocides usgd in the pulping operation, the potential for chlorophenol
contamination 1s high. 1In order to prevent smelt oxidation, the temperature is
kept relatively low in these boilers. In addition, earlier studies have detected
PCBs in the emissions from these boilers.5Z

The final Rank A source category is commercial boilers co-firing
wastes. Approximately 20 million toms of Resource Conservation and Recovery Act
_ (RCRA) wastes are disposed of in bhoilers annually-63 Many of these wastes are
chlorinated aromatiecs. Commerical size boilers are estimated to account for
about one~third of this waste disposal. These boilers are less efficieant than
the larger industrial boilers, and are more likely to produce products of incom=

plete combustion, such as dioxins. They are also generally urban orilented

sources with low stacks.



The ranking procedure degcribed above i3 highly subjective. As

discussed later, ash screening tests will be conducted on Rank B and C source
;;;egories in order to help fu:ther definitize a ranked soﬁrce 1{st. As a
result, the final ranking of B and C source categories may change, depending on

the results of the screening tests.

3.6 Selection Of Certain Candidate Source Categories For Stack Testing

Since Tier 4 funds are anly adequate to test about 12 sources, several
options were considered for selecting the source categories for stack testing
from the prioritized list. Three of the optioms which were considered are
illustrated in Table 3-6. These include:

Option l: Reasonable coverage (three sources tested) for each of the
source'cacegories ranked A, B, and C.

Option 2: Minimal coverage (1 source tested) for each of the source
categories ranked A, B, and C.

Option 3: Reasounable coverage (three sources tested) for source categories
ranked A, with the remaining source tests to be reserved until the results of
the ash gcreening program are availlable for re-prioritizing source categories
currently ranked B and C.

Option 1, which provides the most comprehensive test plan, caanot be
selected due to the limited resources available for testing. As previously men—
tioned, Tier 4 can ouly fund about 12 stack tests - not the 32 or more needed to
implement this option. Option 2 provides a more economical test plam, but it
provides ounly a single stack test for each of 12 different source categories.
More reliable results would be obtained 1f three sources within each source
category were tested. Option 3, although not providing the broad coverage of

source categories, attempts to collect a reasonable amount of data (i.e., three



TABLE 3-6.
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SOURCE TEST PLAN OPTIONS FOR STACK EMISSIONS

m
Number of Recommended Tests

Source Option 1 Option 2 | Option 3
Rapnk A Sources
Sewage Sludge Incinerator 2 1 2
Black Liquor Boilers -3 i 3
Commercial Boilers 3 13 | 2
Rank B Sources
PCP Sludge Incinerator . 2 1 .
Carbon Regeneration (Industrial) 2 1
Charcoal Manufacturing 3 1
Wire Reclamation 2 1 -
Raqkrc Sources
Mobile Sources#* 2 L 4
Wood Stoves . 3 1
Wood Boilers (PCP Treated) 3 1
Small Spreader-Stoker Coal Boiler 3 1 —
Hazardous Waste Incineration 1 0
Lime/Cement Kilns (w/Chlorinated 2 0
Organic Wastes)
Rank D Sources
Municipal Solid Waste (MSW) 1l 1 1
Industrial Boilers Co-firing Wastes 0 0 0]
. TOTAL 32 12 12
Option l: 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'§ Envirommental Sciences Research Laboratory, Research
Triangle Park, North Carolina, for supplemental emissions testing.
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sources tested) for a limited number of source categories. Optiom 3 has been
gelacted ﬂy the Agency for implementation under Tier 4.

g Stack teasting under the ptoérmn will be phased. EPA plans to initiate
detailed stack tests in FY-84 of sgewage sludge Incinerators, black liquor
recovery boilers, and small commercial boilers which co-fire chlorinated orgamic
wagte. Three black liquor boilers will be tested, while two gsewage sludge incin~
erataors and commercial boilers co-firing wastes will be tested. Two sources in
these latter source categories will be tested, 9ince a third source in both
source categories is being tested by other groups. Selection criteria are umder
development which will allow optimization of characteristics of sources te be
tested.

EPA plans to begin the process of locating specific sources for testing in
each source category by July 1984. As explained in Section 4, the process of
locacing specific sources for testing will beAcoordiuated with the EPA Regional
Offices, as well as the appropriate State and local agencies.

Testing of the Rank A source categories will use seven of the available 12
gource tests. Five* other source tests can be performed. At this time, EPA
plaus to postpone final selectioun of source categories for these five tests,
until the results of the first phase of the ash sampling program are available.
The information from the ash program will be used to re-evaluate the order of
the B and C ranked source categories. It is anticipated that a final selection
of source categories for these five tests will be made by the beginning of the
1985 calendar year. This selection will also take into account other stack tests

underway or planned by others external to Tier 4.

*One of these source tests is currently reserved for testing the Hempstead, New
York, incinerator. This facility is currently shut down and may reopen during
the course of the Tier 4 study. If not, the source test will be reassigned to
another source category. A decision on possible reassignment will be made by
December 1984.
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3.7 Types Of Samples To Be Collected Under The Stack Testing Program

The stack testing program- :l-a_designed to obtain a quantitative measure of
the 2378-TCDD emissions discharged to the atmosphere from a given source.
Gaseous and particulate matter stack samples will be collected, both before and
after existing control devices in most cases. Stack emissions will be sampled
using methods similar to those described in the newly developed ASME sampling
pi'o’tocol.ssﬁi‘ This protocol 1is b—ased on ;me of'wan EPA maodified Method 5 train
with an XAD-2 sorbeat.

A summary of the stack testing requirements contained in the draft protocol
is outlined in Table 3=7. Three indepe;dent sampling runs will be made at e:c_l;
site over a perlod of about one week. Sample catches from both the front and
back 'ha-lves of the sampling ‘train will be analyzed separately for each of the
sampling runs. The analyses of stack samples will include the tetra and higher
dioxin homologues (i.e., penta, hexa, hepta, and octa), as well as 2378-TCDD, and
total dioxins (PCDD's). Samples will be analyzed to the low ppt level of detec~
tion (w25 ppt). Sufficient samples will be taken to allow archiving a portion
of the samples for possible followup analysis, primarily if resources become
_available to do additional isomer specific and/or furan analysis.

In addition .to stack samples, ash, wa-tei', soll, and. precombustion air
samples will be collected. Ash samples will be periodically collected during
each of the stack test runs and composited daily. As described later, com-
parisons of the magnitude of dioxin in the ash with that in the flue gas are
planned. Analysis of alish gamples will identify any potential disposal problem,
which may exist if high levels of 2378-TCDD exist in the ash. Procedures for
collection of ash samples are described in Standard Site Plan for Chlorinated
Dioxin Sampling at éomhustion Sources.64

Limited soil borings will be collected at each of the sources, primarily

around ash handling areas. Soil samples will be collected using standardized
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Table 3-7. Summary Of Draft ASME Protocol® For Sample Collection

) 6- Sampling p?ocedures will‘be ba;ed on thé draft ASME protocol requifeﬁents.
- Three geparate test runs.
- Sample quantities will allow for initial analysis and archived samples.
= Each source will be tested and includes the following samples:
—— Total Gasous and Particulate Matter Stack Emissiﬁns
== Inlet/Outlet of Control Devices
-~ Grab Samples of Feed/Fuel
-- Bottom Ash Grab Samples . ——
== Ash or Slurry from Coantrol Devices
== Precombustion Air
== Queach Water Effluent
== Soil
o Standard EPA Method 5 train, modified to incorporate a sorbent module
containing XAD-2.
o Emissions Characterizatioun:

= Stack Temperature

Moisture Content

€07, CO

02, NOx, THC, SOx, Opacity Continuous Monitoring

St St Nl N

Total Particulates

*Data requirements set forth in the ASME protocol will be collected as a
minimum. In many cases, other data will be collected. For example Total
Volatile Compounds, HCl, Total Chlorine and other analyses may be generated
at gome sites. Operating parameters and conditions will be closely monitored
and documented.



sampling procedures described in Sampling Guidance Manual for the National
Dioxin Study.65 Composite soil samples frﬁm the various sites will be analyzed
for 2378-TCDD and dioxin homologues. If stack analyses and risk assessments
indicate reason for serious concern, further sampling of soils dowﬁwind will be
considered.

Precombustion air will be sampled at any source where significant dioxin
precursors are suspected to be in the air a;‘a result of site conéamination.
Some heavily industrialized areas for example, could have relatively high (ppb
to ppm levels) concentrations of precursors of dioxin in the ambient air. The
decision to test precombustion air wili be made on a source-by-source ba;£;
during the pretest survey. Steps will be identified in the pretest survey pro-
tocol described in Section 4 as criteria for this decision. Precombustion air
samples will be collected by the ambient sampler (e.g., modified high volume
ambient sampler with an XAD-2 collection resin) described in guidance for
dioxin monitoring-65 Dowa wash from the stack sampled will be avoided. These
samples will be analyzed for 2378-TCDD, the higher dioxin homologues, PCBs,
chlorinated phenols, chlorinated benrzenes, and total organic chlorine.

During the stack test, fuel/feed samples will be periodically collected
and con;posited. The fuel/feed samples will be analyzed for total PCDDs,
PCBa, total chlorine, chlorinated phenols, and chlorinated benzenes, since
these compounds may be precursors of dioxin. If 2378-TCDD is detacted in the
stack emigsions, the fuel samples will also be analyzed for 2378-TCDD and the
higher homologues. The TROIKA will perform analyses for the dioxin compounds
and the sampling contractor will analyze for the other compounds. Thus, the
extent of non~dioxin analyses will affect the cost of each sample collected aud
congsequently Tier 4's budget. Table 3-8 summarizes the analyses to be performed

on each sample collected during the stack test., In addition to the number of
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Table 3-8. SAMPLING AND ANALYSES MOLEL

Total Samplee®

Ssapla Method Samples dnalyses far dnslysis
Inputs
Precombustion Alr 2aD-2 (pUFF)Y | 0-1¢ 2328-1cDb, Peppd, TOCLS, 1c
Ci-phanole, Cl-benzenss
Fead/Vual Grabs Delly Composite PCDD Scen, Cl-phecols a
Cl-beazaaas, FCB, YOCL
Outpute
Stack (dedore cooirol) STS 2 tralns 2378-7GDD, Momologuasl (4
=-Back Half Daily Compoeile (tetea - octa), PCOD
~condenscr Rinso
~adsosbant Qealn
~Pront Ralt Dally Compoalte
=cyclans Catch
~filierx
=proba rines
Stach (after coatzol) msT 2 tralns 2378-3CDD, Homologues 1
’ ~Back Half Dally Compoaite {tetzn - octa), FCDD
~condensar Riase ’
~adsocbent Rasla
~Froal Half Deily Compasita
=fi)dcer Catch
~probe Rinsa
’
Mottom Ash Graba Daily Composlte 2378-TCp0, Homologuea b )
(sairs - octa), DD
Ash Frow Congro) Device CGrabs Dally Composits 1376-1CDD, Homologuss b |
{tetra - octs), PCOD
Quanch Wagar Eff)uant Crabs Dally Composite 2378-3CDO, Homologuas 3
{tetea - octa), FCBD
Osher
Salls (Im vicialy) Soringa | Companity 2378-1CDD, Homologuss 1
{tacca - octs), PCDO —
Tosal 264

53a¢ed on I esapling days.

bAAD-3 (PUFF) decotes a modifled

high voluso alr sampler with & apeclel sampling haad for asblent organic coapounds.

€3anpla to be collscied 0 Lhets Ja & sigalficaat ecurce of suspaceed precursore (o vicialsy of saapliag sits.
dPCOD = Polychlarinated dibenso dioxia.
$30CL = Total arganic chlorine.

‘Analyoll by contractor.

018457 L1a a modifled EPA “Hathod 3" iraln as deflacd fa the ASME protacol.

l"lln-nlom.nu = Analysss dona on highes (tasra through octs) PCOD’s a8 & total for each graup oaly.
inulcipla analyses foc each sasple will have o aultiplier effect ao the snalytical costs also. Total doss not
faclude quality sssurance samplea (apprax. 208).




samples listed in the table, an estimated additional 20 percent will be required
for quality assurance/quality control purposes (blanks, duplicates, blinds

etc.)c

3.8 Ash Screening Program

The Tier 4 plan includes a program to collect ash screening.samples from
sevéral combustion source categories which are listed in Table 3-9. This listing
includesa each of the sourée categories ranked B or C, ags well as a few other com—
bustion source categories which have been recommended for testing by EPA Regional
Offices and others. For example, testing of agricultural burn areas was recom—
mended by EPA's Region X office, while forest fire residues were recommended by
an ‘advisory group to Tier 4. Additional source categories that have a reasoumable
likiihood of emitting 2378-TCDD may be added to the screening list, based upon
recommendations from the EPA Regional Offices and others. The rationale for per-
forming the ash sampling program is based primarily on the need to refine the
resul:é of the admittadly subjective stack testing prioritization procedure.
The ash sgampling program is relatively Iinexpensive and will provide dioxin
related information for several combustion sources.

Unfortunately, there is no reliable "screening technique available to
provide conclusive estimates of 2378-TCDD emissions from combustioan sources.
2378-TCDD is hypothesized to be typically emitted either as a particulate, a
gas or absorbed upon the fine particulate. If this is true, it would generally
not be concentrated in the ash of a particulate control device. Data are avaii-
able which indicate there 13 likely to be selective partitioning of homologues
between those Iin the flue gas and those in the fly ash.29 These data imply that,
TCDD concentrates in the flue gas, while the higher dioxin homologues concentrate
in the ash. As a result, ash samples can only provide a general indication of

the presence of dioxin at a source. For example, if 2378-TCDD is found in the
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Table 3-9. Combustion Source Categories Where Ash Samples

Will Likely Be Collected*

Source Categories:*

Chemical Sludge Incinerators

Carbon Regeneration Unit (at industrial source)

R TN R € .

Charcoal Manufacturing

Wire Reclamatioan

Wood Stoves N

Wood Boillers Burning PCP Treated Wood
Spreader—Scoker Coal Boiler

Hazardous Waste Incineraticn

Lime/Cement Kiln Burning Hazardous Wastes
Forest Fires

Apartment House Flue Fed Incinerators

Agricultural Burning

*To be supplemented by other categories identified by State and Regional
officials with reasonable likelihoocd of emitting 2378-TCDD.
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ash, 1t can only be assumed that 2378-TCDD was probably emitted in the flue gas..
When 2378-TCDD is not found in the ash, it cannot be assumed that 2378-TCDD {is
not emited in the flue gas. At léas: at one source, where both stack and ash
data were collected from the same source, TCDD was found {in the flue gas, even
though no PCDD or TCDD was found in the f£fly ash,17 but the methodology and
quality control procedures used have not been thoroughly examined. A4sh sampleg
¢can prébably now best be used as a'screenfng tooi to identify‘éhése source cate-
gories which have a likelihcod of emitting dioxin and which probably should be
stack tested.

Despite the limitatiouns associated with these samples, ash sampling is
expected to be useful in providing data to supplement the ranking process
described in the previous section. Ash and stack sample data collected by
Tier 4 and from other studies being conducted by others may provide additional
data to evaluate correlations. A more thorough examination of data relation—
ships between homologues, source characteristics, etec., will be required before

a hypothesis or further research plan can be developed, however.



Section &4

Implementation Qf The Tier 4 Plan

4.1 Overview

The previous section identified the specific source categories to be
sampled uander Tier 4. This section focuses on how individual sources will be
gelected for testit‘lg and who will be responsible for various activities under
Tier 4. This section also discusses the management and coordination aspects of

Tier 4.

- e —

4.2 Selection Of Individual Sources For Testing

Generally, ash and/or stack samples will be collected froﬁ three sources
within each of the source categories which has been selected for testing. The
process of selecting individual sources for testing within each of the source
categories will begin by Tier 4 identifying several sources or source category
"models” which are believed to be representative or typical of each source cate-
gory targeted. The EPA Regional staff will then be asked to recommend certain
sources from amougst these sources or meeting the model criteria for screening
or stack testing. In selecting these sites, the Regions and Tier 4 management
will need to counsider a number of practical constraiats.

For example, accessibility to a site wiil be an important factor. While
Section 114 Authority of the Clean Air Act may be used to gaian access to a
particular facility, if necessary, 1t would be more practical to select sites
where accesgibility is not a problem. The potential support and cooperation
of State/local agencies should also be considered, since the ash gsampling pro-
gram 1s planned to be conducted by EPA Regional Offices for sources located
within their jurisdiction. Selecting sites in those States which will provide

assistance and cooperation would be bemeficial.

)



4.3 Ash Sampling Program

Once individual gites have been approved for the ash sampling program, the-
appropriate Regional O0ffice(s) will be asked to develop site plans for the
collection of the ash samples. The purpose of the plans 1is to describe the
gpecifics of how the ash samples and other informatiom will be collected at
the site(s) in accordance with guidelines to be furnished by Tier 4.

Specific guildance on the types of information to be collected and how the
ash samples are to be collected is currently under development. Briefly, it
i; planned that Regional (or State/local) persoanmel will obtain the ash samples
from a particular site. Samples should.be collected from particulate matéggd
control devices, or frog the ash pit, in the event no control device is used.
Samples will need to be collected in such a manner that they are indicativé of
long term operations which may require collection of multiple samples. Samples
collected will be combined into a single composite. A portion of this composite
sample will be stored for possible follow—up analyses.

Equipment and detailed procedures needed to collect, package and ship
samples to the TROIKA for analysis will be provided by Tier 4. Each sample will
be assigned a unique sample identification number by the Sample Control Center
which has been egtablished to manage the influx of samples to the TROIKA under
the National Dioxin Study. Once samples are analyzed, the results’ will be
validated by the laboratory before being released to Tier 4 and recorded in

STORET.* Tier &4 will authorize the validated data to be made available to the

Regional Office.

*STORET is a parametric data storage and handling system operated by the Office
of Water. This system has been adopted by the Nationral Dioxin Study management
as the central repository for all data generated.
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4.4 Source Testing Program

Similar procedures will be used to identify individual sources for the
detailed stack testing program. Initially, OAR will identify general descrip~
tions or specifie candidate sources believed to be representative of the source
" category. This listing along with selection criteria and guidance will gen-
erally be sent to the EPA Regions, who will be asgked to recommend specific
sources for testing. Once selected, the Regions will be asked to initiate the
process of coordinating with the State/local agencies and gaining access to the
particular sources within the Region. Some tests may be added to existing tast
programs being conducted by IERL. Af:er-access to a site has been agreed upo;,—-
an EPA contractor will visit the source to make a pretest éurvey to obtain the
necessary ‘-background information needed to plan the source tesﬁ. A plan will
be prepared by the coatractor and submitted to QAR the Region, State, and the
source to be tested prior to the actual testing. This plan will include:

(a) referemce to descriptions of the sampling procedures equipment
to be used;

(b) the sumber of individual scurce tasts to be performed;

{(e¢) the number and types of samples (e.g., before or after controls,
feed/fuel, ash, soil) which will be collected;

" (d) the location at the source of where each sample will be collected;

(e) information on the wvarious operating parameters which will be
recorded during source testing;

(f) procedures to be followed concerning the labeling, storage and
shipment of the samples to the TROIRKA for 'laboratory analysis; and

(g) a Quality Assurance/Quality Control plan for the source testing

program.



Once the plan is ;greed upon, the coatractor will make arrangements o
_proceed witl'} the __scack‘ test. . LEPA_ personnel will oversee most of the stack
sampling, which includes three sei)arate test runs, which may last 5-10 days.
| After the stack test has been completed, a report will be prepared for
each source testaed. A guidance manual, including an example Tier 4 source test
report, 13 currently being developed which will be used to assure consistency and

comparability among the reports assembled under Tier 4.

4.5 Quantitative Exposure And Risk Assessment

In the event that 2378-TCDD is detected in the stack emissions at any of the.
sources tested, a quantitative exposure and risk assessment will be performed ”for
that site. Evaluation of inferrences that cam be made to other sources within
this source category will also be performed. An revised exposure and risk meth-
odology is currently under development by the Strategies and Air Standards

Division (SASD), 0AQPS who will perform this exposure amd risk analysis.

- e -
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4.6 Ambient Air Quality Study

At one of the sources where high levels 2378-TCDD is measured (1f indeed
su_n:h a case occurs) in the flue gas, a follow-up ambient air quality study is
planned. The purpase of this study will be to measure mbient .ai,r quality levels
of 2378-TCDD in the vicinity of the source. The study will be ome to two months
in duration during the spring/summer of 1985. Approximately three to five ambi-
ent monitors will be located at varying distances downwind from the source.
Ambient samples will be collected om an alternate day schedule at each of the
wonitoring sites. Each sample collected will be initially screemed for PCDDs.
In the event PCDDs are detected, the ambient samples will be further amalyzed
for 2378-TCDD. Although insufficient data will be collected to “"validate”

exposure model predictions of 2378-TCDD concentratious, the measured data will



be compared to the model estimates and some general observations made. A
decision on the location of the ambient air quality study should be made by

March 1985.

4.7 Management Of Tier &

The responsibility for managing Tier 4 has been assigned to the Office of
Air and Radiation (OAR). Within OAR, the Tier 4 program manager is Edward J.
Lillis, Chief, Air Management Technology Branch (AMTB). AMIB‘is part of OAR's
Office of Air Quality Planning and Standards (OAQPS), Monitoring and Data
Analysis Division (MDAD), Research Triangle Park, North Carolina. The Tier &
program staff counsists of James H. Soutﬁerland, William H. Lamason, william-;:-
Kuykendal and Edward Hanks within the Air Management Technology Branch.
An advisory Tier 4 Work Group, comprised of repreéentatives of various EPA
pragram offices (Table 4-1), has been formed to:
(a) assist OAR in the design and implementacion of Tier 4;
(b). seek technical expertise and guidance from other EPA represent-
atives on iggues which arise during the project;
(c) provide suggestions on how to accomplish the study objectives;
(d) review and comment oa the adequacy of protocols, sampling
strategies, gource test reports, and other material whichlmay be pre-
pared; and .

(e) keep other EPA officials appraised of the status of the project.

4.8 Coordination With The EPA Regional Offices

EPA's Regional Offices are expected to play a key role in the implement-
ation of the Tier 4 program. Regional contacts have been identified in each of
the Region, to establish and maintain lines of communication. A current list
of Regilonal Office contacts is provided in Table 4~2. Briefly, their role is

to:



Name

Edward J. Lillis

James BH. Southerland

william Lamason

Jim Cummings

Mike Slimak

Don Barnes

Bob Olexsey

Dave Sussman
Paul dgs Rosilers
Boniface Thayil
Garrett Smith
Mike Dellarco

Jack MeGinnity

Table 4-1

. . Tier 4 Work Group . - ;..

Organization

0AQPS ~ RTP, NC

v

o4

0AQPS - RTP, NC
0AQPS - RTP, NC

-

Dioxin Management Coordination
Staff - Washington, DC

OWRS/OW - Washington, DC

Chlorinated Dioxin Work
roup — Washington, DC

IERL'- Cincinnati, OH
bSW/OSWER - Washington, DC
ORD -~ Washington, DC

Alr And Radiation - Region V
Solid Waste -~ Regiom II

ORD - Washington, DC

0AQPS - RTP, NC

Israel Milner (Interim) Air Programs - Region III

Mail Code Telephone
or Number
Room Number (FTS)
MD-14 629-5586
MD-14 629-5575
MD-14 629-5575
W=439 382-4686
E-829 382-7051
E-635 382-2897
684-7696
WSM~52811 382-7927
W—§2l 382-2722
886-6054
264-3407
M-3100 382-5794
MD-14 629-5504
3aM12 597-9090




Region

II
111

v

<

VIiI

VIII

IX

Table 4~2

Regional Office Comtacts - Tier 4

Name

Mérgare: MeBooough
Garrett Smith

Israel Milner (Interim)
Brian Beals

Boniface Thayil .

Doug Holy

Bill Fairless

Norm Huey

Kathleen Shimmin

Dana Davoli

Organization

Alr Programs Branch (RM 2313)
-s;li& thge.Branch (2AWM=-SW)

Air Branch (34M12)

Alr Management Branch

Alr a;d Radiation Branch
~ Alr Branch (6AWAT)

Surveillancs and Analysis (RC Lab)
Air Programs Branch

Field Operations Branch

Alr Programs Branch (532)

FTS Number

223-4870
264-3407
5397-9090
257=3454
886;363;
729-2825
926-3884
327-3763
454-7466

399-1495



(a) coordinate with Tier 4 on Regional and State plans for dioxin
sampling of combustion sources; .
(b) recommend combustiﬁn gource categories for dioxin sampling;
(c¢) d1dentify potential sampling sites for combustion source
categories; |

{(d) obtain access to sites selected for ash ;nd stack sampling;
(e) collect ash samples at acf;ening siﬁés; V

(f) appraise other Regional Office staff oc the scope, objectives and
status of Tier 4; and

(g) coordipnate with other ﬁegienal Office dioxin staff and the

designated public affairs liason on community relations issues of

Tier 4.

4.9 Additional Information

For additional information on Tier &4, please contact James Southerland

or William Lamason at FTS 629-5575.
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TR A R oy Y ot
Nunber Of Sources To Be Tested In A Source Categggz

The number of individual sources to be tested within each source category
depends upot several factors, including the purpese of the. testing, the number
of'sources in the _source ca:egory uhich have been tesced previoualy, and :he

T

available resources. Calculations have been made to escimate the number of

R - e
. ..h-x ( - "‘\*'"‘ e

sources within a particular category which should be tested in order to
characterize statistically the emissions.from the source category. o
In order to determine the number of tests needed, {information concerning
_ the y;giability of emissions from the source categories is needed. Since emis-
gion data are not available for many source categories, the municipal waste
incinerator source category was chosen as an example {n Figure A-l to estimate
the number of sources within this éa:egory which should be tegted. Based on
these data, it has been determined that to characterize this s0urce:cacegoty in
a»gtatistically gignificant manner (i{.e., at a 95 percent confidence), between
14-39 tests would be required (see attached). More specifically, 39 tests would
be'rgquired if the results of each of the six previous tests are used in the
analysis. Fourteen tests would be required if certain source tests believed to
bg;;onrepreseuta:ive are not considered in the analysis. Assuming a cost of
$90,000 per source test (including noo—~dioxin analyses), it is clear that the
entire Tier 4 budget could be spent testing emissions from oaunly one source
category for statistically representative results.

While it will not be possible under Tier 4 to sample enough sources to

obtain rigorous and statistically significant results, a reasonable number of

stack test and ash samplings should be performed in each source category. The
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Figure A-l. Determination of Sample Size From Municipal Waste Incinerators
" =i PROBLEM: * Datermine number of municipal waste combﬁE?Brs £B£t¢35361§“iéfcé§?ed %

in order to estimate the. average dioxin emission rate withinm a 5 ng/m3 interval
with 95 percent confidence.
Municipal Waste Combustors: Total populatiom = 40

Site TCDD (ng/m3)

,240 ;

. e
'ezv':vvr-s:ﬁ-gtﬁqhv

MEg QW s

Assume: Sampling from a finite population without replacement

2 apnl

N z© 8D

d2 (v-1) + z2 sp?

= gample size

= population size = 40
reliability coeff = 2 (95% confidence)
= gtandard deviation

= confidence 1ncerval = 5 ng/m3

- n.u:q==nL
[

Case I. (all sites listed)
X 46.7
sD - 87.0

a ™ 40 (2)2 (87)2 = 39

52 (40-1) + (87)2
Case II: (drop sites with highest and lowest average TCDD levels)

: X = 10.1 I =
SD = 11.46

n = 40 (2)2 (11.46)2 =14

52 (40-1) + 22 (11.46)2

SOLUTION: 1In order to estimate average dioxin emission rate for municipal waste
combustions, 14-39 gources should be tested. Based ou 95Z coufidence, results
would be within 5 ng/m’ of true mean.
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confidence intervals around these mean emissions should be fairly narrow to allow

‘comparison among source cacegorieé. The confidence interval around a2 mean is.

given by:

e S

Vo~

o]}
I+

. = e

The-size of the cqnfidence interval, therefore, varies with the size of the-

sample (n) and the value of the t statistiec. The size of the t value varies

with the degrees of freedom (number of samples minus one) and the confidence

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

”“:'Statistic

Number of Samples 952 C.I. 562 c.I. t.o5/Va
2 12.706 6.314 8.99
3 . 4.303 - 2.920 2.48
& . T 3182 " 2.353 1.59
5 ‘ 2.776 2.132 1.24

Inspection of the above shows that, beyornd three samp}gg, there are diminishing
returas. Similarly, the effects of 1/n diminish beyond n=3. For this reason,
j and for practica} ansidera:ions (i.e., resources), a sample size of three tests
will be considered optimal for the purposes of this study. This approach applies

to the aumber of sources where ash samples or gtack samples would be collected.
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