UNITED STATES ENVIRONMENTAL PROTECTION AGENCY

1983 REGION V

Review and Development of Cnlorinated
subject jDioxins and "Furans Emissions Data"
March 1983, Radian Corporation -

from: Howard Zar, Chief ¥ V.N
Technical Unit, TAS n

TO: Regional Dioxin Task Force

The subject "Draft" report has been prepared as part of the NESHAPs
standard development effort. | have been advised that it should not be
circulated outside the agency at the present time.

Attachment

LPA FORM 1320-6 (REV 3-761



FNNEEN 552

REVIEW AND DEVELOPMENT 07 CHLORINATED

DIOXINS AND FTJRANS EMISSIONS DATA

March 1983

CORPORATION






=

DISCLAIMER

This report. cas been reviewed by Che Strategies and Air Standards

Division (5AST), U.S. Environmental Protection Agency (EPA) and approved

for publication, Approval for publication does not signify that the
contents neeease.ml7 reflect the views and policies of the U.S.

mental Proceedsn. Agency,

Environ—
nor does mention of trade, names or commercial

produces cons tit:ure endorsement or recommendation for use.



Radian Yo. 2£0-015-23

DCY No. 82-240-016-23-13
EPA Cozrtracc No. 63-02-351
Hork Assigrmentc No. 23

REVIZIN AND DEVELOPMENT OF CELORIMNATED

DIOZINS AND FURANS EMISSIONS DATA

March 1983

Preparad for:

Warren D. Paters
EPA Project Officer
Pollucant Assessment Branch
Stracegies and Ad{r Scandards Diwvision
U.S. Zovirommental Protectgion Agency
Raseaxch Trianglas Park, NC 27711

Praparad by:

Rédian Corparation
3024 Picketr Road
Durham, NC 27705



mm——— T e s e . . .- e —— = -

PREFACE

The U.S. Savirgmmencal Procection Agency (EPA) is incerestad in
chlorinacad Zizxi=g aud furams because of their potentizl toxicities to
aumans &nd Tesz=sa saveral industrial gperaticns nave been demomstratad. to
emit low comgzm=—zrions of these compounds into the ambient air. Many of
the determinzc—izos of industrial chlorinated dioxin and furan sourcas have
only recently tes== made possible dué to advancements in sampling and
analytical techniques. To expand its lkmowladge on industrial souznces of
chlorinatad dioxins and fuzans, EPA's Office of Air Qualiry Plami:i.ﬁg and
Standards (0AQPS) requested the development of a specific techniczl data
base relating to chlorinated dioxin and furan air emissioms. The resulzs of

the data base developmanr 2f£fort ars summarizad in this report.
T : P

In developing the chlorinated dioxixm and furan zir emissious. datz base,.

rka f£ollowing four copics. or questions were deemed as kevwy.
= -

- What source categories might emit chlorinatad diogxins. and furans?
- Bow many individual souzcas are in each source category and wihere
are they located? . “ ]

- What is the. availability of emissions and emissic;m factor data
vertaining to chlorinated dioxzins and furans?
- Have chlorinated dioxins aad furans been measured in the ambient

air?

The answers to these questions will help EPA decide whether more axztensiva
and detailed a2iforts are needed to investigate possibla regulation develop—

ment for certain dioxdin and furar sources.

—e
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EXECUTIVE. SUMMAET

Chlorinated dibenza-p-dioxins (chlorinated dioxins) and chlorinated
dibenzofurzms (chlorinated furans) are families of organic compounds
theoretically containing 75 and 135 different structural isomers,
respectively. The toxicity to humans of ail these isomers has nor bean
decaminad because nor ail have bean isolated and analyzed. Of the isomers
studied, the 2,3,7,3—-isomers or the chlorinated dioxin and furan groups have

been determined to exhibit the highest toxicity levels.

This report provides information on chlorinated dioxin and furan source
categories, individual sources, emissions, and ambient exposure levels.
The information gathered vas abstracted from an extensive literature search
and data base development study. Source categories of chlorinated dioxin,
and furan air emissions, that have been confirmed by testing,, include
municipal, hazardous, and chemical vaste incinerators, vire reclamation
incinerators, industrial boilers, wood stoves, fireplaces, residential
furnaces, and internal combustion: engines. Although there are numerous-
individual sources vithin each of these source categories, only seven
Individual sources vere specifically identified and discussed in the-
literature. Potential sources- of chlorinated dioxin and furan air emissions
have also been indicated by laboratory research. The types of laboratory
experiments which have produced chlorinated dioxin and/or furan emissions
are the combustion of wood, grass, and paper treated with a formulation of
2,4,5-crichiorophenoxy acetic acid (2,4,5-1), the combustion of wood treated
with a tricnlorophanolate and tetrachlorophenolate formulation, the
pyrolysis of commercial polychlorinated biphenyls (?C3s) and PC3 isomers,
the pyrolysis of tri-, tatra—, and pentachlorobenzene, the high temperature
oxidation and chlorination of coal, and the combustion of birch leaves and

wood wool treated "with chloropaanacas.



Chlorinated dioxin and furan emissions have been measured in relatively
low concentrations in both particulate and gaseous exhaust streams; however,
most emission tests have only analyzed particulate emissions for these
compounds. The majority of available emissions data for chlorinated dioxins
and furans is in the form of emission concentrations and emission factors.
Because the identification and measurement of chlorinated furans has only
recently become important,, more emissions data are available for chlorinated
dioxins than forr furans. For the source category in which the most data
exist, municipal waste incinerators, total chlorinated dioxin levels in cdet
exhaust, fly ash have been measured to range from 23.3 ppb to 2S66 ppb.

Total chlorinated furan- levels from the same source range from 13.4- ppb to
2036 ppb-. Emission factors, developed for- municipal waste incinerators on

the basis of the amount, of waste burned, have been found to range from 0.23
to 16.3 Ug/kg for total chlorinated dioxins and from 2,3 to 17.1 ug/kg for

total chlorinated furans.

Virtually no data are available which estimate chlorinated dioxin and
furan source category emissions on an annualized mass emission basis. One
reference, however,, has. estimated than nationwide, tetrachlorinated
dibenzo-p-dioxin (TCDD) amissions from residential wood stoves, and fire-
places are 0.27 kg. (0.6 Ib)/yr, TCDD emissions from commercial wood burning
are 0.51 kg (1.2 Ib)/yr, estimated TCDD emissions from controlled wood
burning, are 0.32 kg (0.7 !b)/yr, and estimated TCDD emissions from foresn
fires are 3.L kg (6.9 Ib)/yr.

Mo dara on the levels of chlorinated dioxins and furans in the ambient
air were reported in the identified published literature. Thera was only
one reported indication that actual ambient measurements had ever been
attampcad. In this case it was only qualitatively determined that
chlorinated furans were present in a sample taken downwind of a hazardous
waste incinerator. Other studies have- been conducted “a estimate ambient
chlorinated dioxin and furan levels by using actual emission test data and
atmospheric dispersion models. The results of such modelling and exposure
analyses at five sources of TCDD compounds has led Z?A. zd conclude that
municipal wasze incinerators do not present a public health hazard in regard

to their TCDD emissions.
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CHAPTER L

STUART Oc THE CHLORINATED DIOXIN AND ETJRAN PROJECT

L.L PROJECT STrnAET

The UhS. Environmental Protection Agency (EPA) is- innerescad in
chlorinated dioxins and furans because cf cheir potential toxicides to
humans and because- several industrial operations have been demonstrated to
emit relatively low concentrations of these compounds into the ambient air.
Many of the determinations of industrial chlorinated dioxin and furan
sources have only recently been made possible due co advancements in
sampling and analytical techniques. To expand its knowledge on industrial
sources of chlorinated dioxins and furans, EPA"s Office cf Air Quality
Planning and Standards (OAQPS) requested the development of a specific
technical data base relating to chlorinated dioxin and furan air emissions.
The. results of the data base development effort are summarized in this

report.

In developing the chlorinated dioxin and furan air- emissions data base

the following four topics or questions were deemed as key.

- what source categories might emit chlorinated dioxins and furans?

- How many individual sources are in each source category and where
are they located?

- rhat is the availability of emissions and emission factor data
pertaining to chlorinated dioxins and furans?

- Have chlorinated dioxins and furans bean measured in the ambient

air?

The technical Literature search was extensive and identified 462

possibly applicable references pertaining to chlorinated dioxin and furan
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N
air emissions. After a thorough veview of shesa rafaresnces only 87 wers

dacarminad to bé germane to ome or more 0f the Rey air emissiocn tepices given
zbove, The list of references daveloped from the litaraturz saarch per-
taining to chlorinated dioxin and furan air emissions is given iz Appendix
A, Table a-1l. Zﬁa puzbers assigned to the reafzsrences in Table A-1 are used

througbout zaZs Taport when citing a particular rtefersnce. WNo raference

sactions zve uz=f art the end of each individual chapter. For examplas,

Rafarance ou=Sa= 3 can be used to document materizl ian Chapters 2, 3, zud 4,

but it always TzZzazs to Refarence 5 of Table A-l. The details of the
lizaratura saa=ctr effort that genmerared the 87 references ara given in

Appeadizx 3B. Ce —

in che.femaining_chapcers to this report, each of thé‘importanc topic
arzas is discussed individually. Chaptar 2 discusses the chemical nature of
chlorinared dioxins and furasns, Chaptar 3 covers source catagorias and
individual sources: of chlorinatad dioxin and Iuran emissioms, Chaapter &
prasants. chlorinated dioxin azzd furaz emissions and anissicﬁ facror data,
ard Chapter S prasents available datz or ambisnt levels of chlorinaced
dioxins. and furans. Ouly information that was. determired from tha 87
refarances given in Table A-l is. presented in Chaptexs 2 throughk 5. It is
the purpose of thesa chaptars to oonly report technical aznd scientific
resulcs thac nave been given in the publishad literature. No theories or
cenclusicns regarding chlorinatad dioxin and furan source catagories,. indi-
vidual souzces, emission levels, and ambient 2xposure lavels axa given.
Wnecewvar the terms literature or published licerature are used in Chaptars 2

thrcugh 5, they refer solely to the ccutents of the refarences in Tablz A-l.
[.2 SUMMARY OF CSLORINATED DTOQXIN AND FURAN SCURCE CATEGORIES AND EMISSIONS

Source catagaries of chlorinmated dioxin and furanz air emissiaons, that
.have deen coufimmed by tescing, include munmicijal, hazardous, and chemical
wasta inciperators, wire raclamztion incizmeracors, induscrial hoilars, wood

scaves, ifirsniacas, rasidedcial furnaces, and infernal combustiaon engireas,

I~



Alrhough rheza ars zumerzcus *"d‘vﬂaual souzces withia 2achk of thess sou=ce
catagorias, only sevea individual souzcas ware specifically idemcified zmd
discussad in che litarazure. Dotengial sources of chlorizated dioxin and
furan air emissions have also baen indicatad by lazboratory zasearch. Tae
types of laborataty experiments which hava preduced chloriczated dioxin
ard/ox furan e=issioms ara the combustion of wood, grass, aud paper treatad
wizh a formumlizzizoz of 2,-.3-:::cn¢ohoune"oty acecic a2ecid (2,%,5-T), the

=

combustion of wecd. trezaczad with a. trichlorophenoclate and tégracaloro—
phienolaca for=rizzica, tha pyrolysis. of commercial polychlorinacad biphenyls
(PC3s) and PCB iscmers, che pyrolysis of tri-, tetra—, and pentachloro-
benzane, the high <zmperaturs oxidacion and chlorimaciom of coal and the

ccmbuscion of birch leaves aad woed wool trzated with czlaropneaates-
Chlorizmatad dioxin and fuzran em__s&ons ttave been mezsurad iz relacively

low coucentrations in bock particulats and gasaous exhaust strzams; however,

rost smission tests Rhave e¢nly analyzed parcticulate emissicns for these

cocmpouxds. The majority of available emissiocs: data fox chlorinacad dioxins. ‘

and furansg is in ghe fots of emissiorn concentzations ard amission fzctors.

3eczuse the identificacion and measurement of chlorizatad fuzans. has oaly
recantly become important, more emissions data are avzilable for chlorinmaced

-

dioxias chan for furams. Zor tie source catagory iz whigh the most data
axist, municipal waste imcizerafors, total chlorinatad diexia lavels im tha
exhaust LLy ash have been zeasured to range from 23.3 ppd to 2966 ppb.
Total chlorinated fuzan lavels Irow the same source raunga fxom 13.4 ppb to
20356 gpb. Emissiom fzctots daveloped Zor mumicipal wasca incinerators on
tie Dasis of coe amount of waste burﬂnd,-have beer fouvad %o rsargs from 0.23
ta 15,3 ug/kg-for total chlorinared dioxins and fxom 2.3 zo L7.4 ug/kz for

zotal chlorimactad furans.

1.3 RECOMMENDATIONS TOR IGRTZER STUDY OF CALORINATTD DIOZIN AND FURAN AIR
TMISSIONS , .

Trom che review of £hz -afarances iz Tabla A~1l, save=zl observacious or

" czoclusicns have seen made soncezning zzeas of the chlorinaced diewian and



furan problem wherz mora study appears o be zesded. The first area of che
chlorinacad 4ioxin aznd furan air smissicns situztion raquiring mora
examinzrion concards the grzat variabiliszy of the emission tast data that
hava been rapeTttad for several similzr sources. Thera needs to-be mora
concentratad stuzdy on winy chlorinated dioxins and furans were found in the
emisgsions 9f cz=e municipal wasta incinerator and not others burning wascas
af 2 sigilasz cz—posicion. Ou this subjact, zora work needs to ba done on
analyzing ctz cz—position of the matexizls beaing burmed to fizd out if chey
contain chlori=zgad dioxins and furans or dioxin and furan precursors.’

ther questiccs ziso persist such as why have dioxin and furan compounds not
been dezactad iz the emissions of ﬁcili:y boilers, while they have been
found iz indusctzial boiler zund incinerator smissious. Some limited theorias
have been exprassad to explain this ocgurrzacs, but more work. is rgquired to
scientifically validate thesa theories. Relatad to studias of this type
would be addifional examirations of the formztion and dastrucrtionm
charactariscics of chlorinated dioxins zmd furans. I£ chlorimated dioxin
and furan emissions Srom 2 source are sotencially deemed. to be sigaificance,
tecinically effactive and ecomomically r=asonsble control measures need to

be detarmined. i .

The second area requiring morea study, as shown by the literaturs
search, invaolves deterzining what are the anpienc zir levels of chlorinated
dioxins and furans. Basically no dacz are available because measuremencs
have not been made. Limitations of currently available analytical tech—
niguas to datact these compounds in the anvizocment may be respomsible for
the absence of ambiant measuraments. The axtent of the limirarions caused
oy apmalytical tecanigues neads to be furcher investigacad. I£ curzently
availabis znalytical tachniques are capabie of detacting chlorimaced dioxias
and Zurzas in ambient air samples, an zmbient testing program facusad on
confirmed dioxin and furan sourxces, such as iacinerators and boilers, neesds

to be iniciacad.
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CHAPTER 2
CHUHCAL BACKGROUND ON CHLORINATED DIOXINS AND FURANS

The purposes- of this chapcar are co describe cha general chemical
composition or ilrnics and furans and co describe che specific chemical
characteristics of chlorinacad dioxins and furans, Brief discussions
regarding chlorinated dioxin and furan fomatioa mechanisms are given,
however, che reader is urged co consul“ che references provided for a

ccmpleca- and decalled creacnenc of chese copies,
2.1 CHZbUCAL DESCRIPTION OF DIOXINS

A dioxin is an7 member of a family of organic compounds known chemi-
cally as- dibenzo-p-dioxins. The common aspect. of all dioxin compounds is
chan they concain a cripla-ring nucleus scmccure consiscing of cwo benzene
rings incarcouneccad Co each ocher chrough a pair of oxygen, acoms. The
scrueCural formula of che dioxin nucleus and che convenelon used in num-
bering ics subscicuenc posicions are shown in Figure 2-L. Each of che
substituent: posicions shown in Figure 2-L, numbered L chrough 4 and
6 chrough 9, can hold a chlorine or ocher halogen acom, an organic radical,
or a hydrogen atom (provided no ocher subscicuenc is indicated in Che
formula or chemical name). The only differences between individual members

of che dioxin group are in Che nature and position of subscituencs.53

From an environmental scandooinc, chlorinated dioxins have received che

greatest amount 0! atcancion.32 m " “éhaornnacea "oaoxrns; "¢nlorme atoms
occur ac various subscicuenc posicions within the nucleus structure.
Theoretically, one to eight chlorine atoms can occur ac cioxin subscicuenc
posicions such chac 75 diffarenc chlorinated dioxin isomers are possible.

Each isomer has ics own physical and chemical properties, and differs from
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others in the number and relative position of its chlorine atoms. The
schedule of potential chlorinacad dioxin isomers is given in Table 2-L. The
ab"oreviacicns given in Table 2-L for classes of chlorinated dioxin issuers

are used throughout this report.

The chlorinated dioxin isomer receiving the most attention is 2,3,7,8
TCDD. Unformnarelj in the published literature chemical nomenclature has
often been rather loosely applied, and 2,3,7,3-TCDD has been reported as TCDD
or simply as tic—-In. It is incorrect to use the terms TCDD or dioxin when
referring to a specific positional isomer such as 2,3,7,8-TCDD because there
are 22 different TCDD isomers and eight different isomer classes of chlori-
nated dioxins. This nomenclature problem, has lad to confusion when crying
to assess reported results of 2,3,7,8-TCDD detection. In this report the
term chlorinated dioxin is used as a substitute for chlorinated diban—
zo-?-dioxin and refers to any organic compound with the basic dioxin
structure given in Figure 2-La and. the term TCDD (or other isomer abbre-
viation) 1iIs- used to referr to the specific group of tetrachlorinated dioxin
isomers (or other isomer group). when specific positional isomers such as
2,3,7,8-TCDD are indicated or discussed, they are specifically delineated by

chlorine substituent numbers.
2.2 CHEMICAL DESCRIPTION OF FUPANS

Furans are a group of organic compounds known chemically as dibenzo—
furans. They have a similar structure to the dibenzo-p-dioxins, except that
the cvo benzene rings in the nucleus are interconnected with only one oxygen
atom and a single carbon bond (c—c).30 The structural formula of the
fursn nucleus and the convention used in numbering iIts substituent positions
are shewn iIn Figure 2-L. As with the dioxin nucleus, furan substituent
positions are numbered L through 4 and 6 through 9, and the positions can be
occupied by a chlorine or ocher halogen atom, an organic radical, or a
hydrogen atom provided no ocher substituent is indicated in the formula or

chemical name. The positioning and number of substituents determines the



TABLE 2-1. SCHEDULE OF THEORETICAL CHLORINATED DIOXIN ISOMERS53

Calorinated Dioxin Ccmoound Number of Isomers
Monochloradioemc-p—-dioxin (MCDD) 1
Dichlorodibennz—p-dioxin (DCDD) 10
Trichlorodibemc—p—-dioxin (T~CDD) L4-
Tenrachlorodibenno—p-dioxin (TCDD) 22
?encacnlorcdibanno-p—dioxin. (?CDD) 14~
Haxacnloradibema-p-diaxtn (ECDD) L0 *
Heptacaloradibenzo—p-dioxin (H_,CDD) 2
Occachlorodibenzc-p—dioxin (0OCDD) 1

TOTAL. 7S



physical and chemical properties of che furan.70 A detailed discussion, of

the properties of dibeuzofurans is given, in Reference 70.

The chlorinated furans, like che chlorinated dioxins, have been the
subject of nost of the furan research. Theoretically, che chlorinated furan
group can contain up to L35 different structural isomers, each with varying
physical and ciauaaal properties. The schedule. of potential chlorinated
furan isonars is given in Table 2-2. The abbreviations given in Table 2-2
for classes of chlorinated furan isomers are used throughout this report.
The nomenclature explained in Section 2.1 for references to dioxins in this
report, is also used for furans. The tan chlorinated furan. is used as a
substitute for chlorinated dibeuzofuran and refers to any organic compound
with the basic structure given in Figure 2-1Ib. Classes of furan isomers are
indicated by the appropriate abbreviations (e.g., TCDF, OCDF) and specific

furan isomers are delineated by positional substituent numbers.

2.3 OCCURRENCE AND FORMATION OF CHLORINATED DIOXINS AND FURANS

Chlorinated dioxins and furans are not intentionally manufactured,
except in small quantities for chemical and toxicological research purposes »
However, chlorinated dioxins and furans occur in several commercial organic
chemicals as unavoidable synthesis contaminants, and as -such potentially can
be released to the atmosphere curing normal operations- or upon use of the
chemical. The mechanisms by which chlorinated dioxins and furans are
formed, during the synthesis cf various organic chemicals, are complex and
have been iIntensively studied by researchers. In this report, the objective
is to briefly discuss and familiarize the reader with the types of chemicals
known to contain, or with a propensity to form, chlorinated dioxins and
furans. Extensive and detailed discussions and analyses of chlorinated
dioxin and furan formation mechanisms and organic chemicals associated with

these mechanisms can be found in References 13, 70, and 77.



.TABLZ 2-2, SCHEDULE OF TAEORETICAL CELORINATZD FURAN ISOMERS

70

Calorinatad Terzn Compound

Number of Iscmers

E.ouochlorcdz';;.a::c-_‘urm (MCDF)
Dichalorcdinem=zi=zn (DCDF)
Trichlorodibenzsivzan ('%C?F)
Tenfacblorcdi‘aeua:’uran. {TCDE)
Pentachloraodibenzciuraza (PCDE)
Hexachlo rodihenzafurat‘r.. (ECDF)
Eeptachlorodibenzofuran (E.,CDF)

Oc:achlorodibenzofﬁrzm (OCDF)
TOTAL

4.
16
28
38
28
16

4
1
135

e



One rouea of chlorinated dioxin formation char has been demonstrated is
generalized below:"

+ 2XY

The reaction shown above indicates that for a compound to be a dioxin

precursor it rust neat the following conditions:

the precursor compound must be an ortho-substituted benzene ring
in which one of the substituents includes an oxygen atom directly
attached to the ring

it must be possible for two of the substituents, excluding the
oxygen atom, to react with each other to form an independent

compound.

An example of this concept involving 2,4,5-crichlorophenol is shown below:

+ Nad

(Predioxin)

2NaCl

Many organic compounds neat the dioxin precursor conditions specified

above. The more prominent compounds in which chlorinated dioxins have been



found are given, in Tabla 2-3. The 2,3,7,3-TCDD isomer has been determined
in 2,4,5-T, 2,4,3-TC?, and hexachlorophene.” n In ?C?s the major
chlorinated dioxins found have been HOD, H~CDD, and COD.'l"S7 3ecause of
their chemical structure and composition, several more synthetic organic
compounds chan are given in Table 2-3 have the potential to contain chlori-

nated dioxins.

During the nanuinature of an organic chemical, chlorinated furans may
be formed as a result na reactions competing with chlorinated dioxin-forming
reactions. With seme precursor compounds, condensation of a chlorine atom.”
in the ortho position to a hydroxyl group may not occur and a chlorinated
dioxin is not farmed. This situation is demonstrated by the following

reaction: 18

NaCl

The end product of the above reaction has. been termed an isopredioxin. The

isopredioxin can polymerize into long chains, or it can lose chlorine which
10
leads to the creation of a chlorinated furan, as illustrated below:



' TABLE 2-3. TYPES OF COMPOONDS TEAT HAVE BEEN IDENTIFIED
TO CONTATY CELORINATED proxmg -’ 837,80

Compounds Confirmed to Concain Chlcrizated Dioxin Contaminancs®

-

Chlorinazed 2hexsls

1
m

ane ::._.::"'vc:.eno’ -..-)

sy S=r====Tarophen (2,4,5-TC2)
2 5,8— ""-orcuaenol

3,4,5-:& acnlorcnnenol.

O

f
ISES N R

b4
Phemoxy &cids and I’::.e.ir Estars and Salts -

- 2,4,5-crichloraopbkanexy acatic acid (2,4,5-T)

- 2,4~dichlozophenoxy acztic acid (2,4-D)

-~ 2-(2,4,5~crichloropiencxy) propismic acid (Silvex).

- 2,2-dichlorepropanoic acid 2-(2,4,5-trichlorophencxy)
ethyl estzar (Erbon)

- Z,Isndichlorcpheﬂo:-:-;a_'x_vl sulfate (Sesomne)

< Phospheratihioic zcif (Jounal)

Hexachlorophene

~ 2,2'-methylene bis (3,%,6~txricalorophencl)

Molecular disgrams of the <cmpounds given zbove axre shown in Figurs 2-2.
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2,4,5 TrlchlorOphanoxy acouc acld 2 4 §- Trlc.hlorophenol prﬂchlordphene ' Ronnoj
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|

2,4-Dichlorophepoxy acetlc acld 2,3,4,6-Tetrachiorephenpol 2,4,6-Trichlorephepal Pentachlorophenol

Figut:e 2-2, Molecular diagrams of compounds ld‘-nL:L[ied to contain chloyinaked
dioxins.}8




It is also beliaved that chlorinatad Zurans cam be formed by a reaction
betwaen az chlorophenol aud a polychlorobanzenz through zn intarmediate.

¢reztion of a dipnenyl acther. An example of this reaction is ziven below:

(Chitorinated furan)

As expectad, many of the compounds that have been found ta contaia
"éhlorinacad dioxins also conzain chlorinatad furans. The major sources oL
chlorinatad furans az2 phenoxy acilds (aad their esters. and salts) including
2,4,5-T and 2,4-D, chloriraced phemqls including PCF, hexacklorobenzeume, and
palychlarinatad bi?henylsA(?CBS).52’57’70. In: PCPs and hexachlorobenzene |
the prodominazt furans Zound have beez.H7CDF and OCDF isomers, although
TCDF, 2CDE, and ECDY isomers have also been determined. In saome samples of
PCBs, the furan isomers 2,3,7,8=TCDF and 2,3,4,7,3-PCDF.hava beea fourd to
be the most pravalent chlorizaced furans prasent.57’/0

As a result of tie concarn rzised over suspected healzh tisks of
digxin— and furazn-conzziniag chemiecals, certain usas of several of thesa
substances such as 2,4,5-T znd Silvex have been sustendad or grzatly reduced

. ; . ; 1,14
by Statz and Fadaral authorisies. '’

Consequently, the peed to produce
such chemicals for presaﬁ: or future use has diminished to the point whera
ouly one or ©wo' ccmpanies maka saveral of the chemiczls, and in some cases
(e.g., 2,4,5-TC? and 2,4%,3-T) production has ceased. The currant producers
of major chemicals coniirmed o contaia chlorinated dioxins and/or furans

~

are lisgad in Table 2-&.

-
in



TA3LZ 2-4. PRODUCTION SOURCES OF MAJOR CHLORINATED
DIOXIN AND PIRAN CONTAINING CHEMICALS3

Chemical Producer - Location

Pentachlororcenol Reichhold Chemicals - Tacoma, WA
Vulcan Materials, Vulcan Chemical
Division - Wichita, IS

2,4,6-Trieniorcrhiinol Dow Chemical — Midland, MI
Rhone—Poulenc, Agrochemical
Division — Portland, OR

2,3,4,6-Tetraceloroph.enol Dow Chemical - Midland, MI

Silvex Riverdale Chemical - Chicago Heights, XL
Dow Ccemical - Midland, MI

2,4-D Anrvac Chemical - les Angeles, CA
Diamond Shamrock - Tuscaloosa, AL
Dow Chemical - Midland, MI
Guth Corp. — Hillside, IL
Rhone-Poulanc, Agrochemical
Division - Portland, OR
Riverdale Chemical - Chicago Heights, IF
Verrac Ccemical - Jacksonville, AR

Hexachlorophene Givaudan Corp., Ccemical Division -
Clifton, NJ

Source: 1982 Directory of Chemical Producers, Scaniord Research.
Institute, Menlo Pari-c, CA, 19827



Several non-cherical, induscrial sources such as power plants, incin-
arators, and boilars have been identified as potential sourczes of chlori—
nated dioxir and Iuran envirommental amissions. Thesa sources are axten-

sively discussad iz Ciaagpcer 3.

pe
i



CHAPTER 3

30US.CZ CATEGORIES OF CHLORINATED DIOXIN AND FURAN AIR EMISSIONS

la cals ciTccar confirmed aad potential sourca categories cf chlor-
inated dioxin aad furan air emissions are idaacified. Two broad types of
emission source categories ara discussed. Toe first type i1acludes indus—
trial, commercial, aad residential enissiou source categories that have been
determined by testing. The second type involves potential emission source
categories that have been extrapolated*from laboratory experiments. Quanti-
fication of the chlorinated dioxin and furan air emissions from the source

categories identified in this chapter are presented in Chapter 4.

3.1 INTRODUCTION

In 1973 Dow Chemical Company issued a report which stated chat ‘‘chlor-
inated dioxins ara ubiquitous.” Dow concluded chat 'their presence 1is due
to the existence of a natural phenomenon,, trace chemistries of fire.” In
its study Dew iInvestigated many combustion sources and determined chat ™ 7
were sources of chlorinated dioxin air emissions. Included in Dow"s list of

_ S .6,11,31
enuorinated dioxin sources are:

hazardous waste incinerators,
municipal refuse incinerators,
industrial boilers,

internal combustion engines,
home heating furnaces,
fireplaces, and

charcoal grills.



The Dow wor¥k cantarad solely on detarmining che axistcence of chlorimatad
dioxins. Iore of the obtained samplas were analyzed for the prasencs of

chlorizaced furans.

The Dow study and its "trace chemisczies of £ire" hypothesis aroused
the incezaesc ¢ =zny researchers in the field. Spurred by t:!;.a Dow results,
aud similiar vz coza qualigacive rasuits from Euyropean reseazch, a comsid-—
erabls amounT o work was begun to address the question of chlorinatad
dioxiz ublquizy z=<¢ the relationship to combustion chemiscry. As a result
of the Incraasad iztarest and researczh iz chlqrinéﬁadAdioxins, the existernce
and prevalence of similar and Telated chlorinated furarm compounds became
more imsortant and mors well-lmown. Research into the formation mechanisas
of both families of organic compounds indicated that chlorinaced furans alse
way be conmacted with combustion chemistry. Following the 1973 Dow reporsz,
many rasazrchers in the Uniced Staces and Euxope began sxzaining combusti
souzces and other potential formatlon zechanisms of chlcrinacad diowxins zmd
furans. Much of the work. Zoctsed on possible sources of chlorinared dioxin
end furan air emissions. The results and conclusions of thesa studias on
sourca categorias of chlorinated dioxin and furan aiz emissious are sucmar-

ized in this chapter. ' -

3.2 CONFIRMED SOURCE CATZGORIZS OF CILORIMATED DIOXIN AND FURAN AIR
EMTSSIONS '

The discussion of coufirmed chlorinarad dioxin and fuzzm air emission
sourcas Ls divided into four =major classes or types of source categories.
These major classes are imcinewrators, boilers, rasidantial scoves, fire—~
placas, and furzmaces, and intarzal combustion engines., Disginct emissicn
source cacagorias within each class ara identified.

-

3.2.1 Ipcineration Source Catagorias

- -

In the list of refarences given ia Tabla A-l of Appendix A, 34 diZisrenc

avd discincs wefareacas azaz givan on the occurrence of chlorinaced dioxia

....
W



and furan. air emissions froa over 50 incinerators. Tables 3-1 and 3-2
present a sumary of the chlorinated, dioxin and furan air emission informa-
tion froa these 31 references. Included, in the information of Tables 3-L
and 3-2 are the types of incinerators where dioxin and furan emissions have
been determined, the classes of chlorinated dioxin and furan isomers that
have been found, ad, the types of samples in which the dioxins and furans
were measured. Chlorinated dioxins and furans have been discovered in the
air emissions of incinerators burning municipal refuse, chemical wastes,
hazardous wastes, and scrap wire. These incinerators, are located in the
United States, Canada, Japan, Italy, France, Germany, Sweden, Switzerland,
and the Netherlands. An analysis to determine the presence of both chlori-
nated dioxins and furans has not been performed on all incinerator air
emission samples_ However, in the cases where both groups of organic
compounds were analyzed for, both have been found to be present. From all
reports to date, it appears chat whenever incinerator sources have been
specifically examined for chlorinated dioxin on furan air emissions, these

emissions have been found.

The. spectrum of testing chat has been conducted on iIncinerator sources
varies from single sample tests of one incinerator Co nulci-samole cests of
up Co 25 incinerators..32’40’59 FTests aave oeen conducted over ;s long a
period as 9 monchs in order to monitor the variability of chlorinated dioxin
and furan emissions vich varying inouc leads, load characteristics, and

incinerator operating conditi'ons.68’33

\

In attempting to detect chlorinated dioxin and furan emissions from
incinerator sources, researchers have primarily examined fly ash emissions
collected by incinerator control devices such as electrostatic precipitators
(ES?s) . There are cases, however, where samples have been taken of fly ash
emissions from an ES? stack, fly ash emissions from an incinerator stack,
and fly ash and gaseous emissions from an incinerator stack. Sampling of
ES? fly ash catches predominates primarily because it is a much less

difficult procedure than extractive sampling of particulate and gaseous
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Table 3-1. (Continuali) SUMMARY OF CHLORINATED DIOXIN AIR EMISSION SOURCE CATEGORIES
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components in a flue gas scream. In the cases where only” collected fly ash.
is analyzed for chlorinated dioxins and furans, Che evaluation Co decarmine
potential air emissions can be incorrect due co the enrichment of organics
on sub-micron sire particles. A device such as an ESP is very effective at
removing relatively large fly ash particles, however, its efficiency drops
off considerably in the fine particle sire range lass than L micron.
Available data imitate chat chlorinated dioxins and furans preferentially
adsorb onto the fine particles which are escaping collection by the ESP.
Data rrcm one municipal incinerator in Germany illustrate this point-L

The concentration of TCDD in ESP collected fly ash was 0.025 pg/g, while the

TCDD concentration in the exhausted fine particulate was 300 pg/g.L

The results of several, incinerator tests have also pointed out the
need co obtain and analyte both fly ash and gaseous samples for chlorinated
dioxins and furans. Both chlorinated dioxins and furans have been measured
in the gaseous emission streams of incinerators and other
sources. in several incinerator tests Che levels or chlo-
rinated dioxins and furans in the gaseous phase were greater than those
measured on tne .7 ash- In the case of one municipal incinerator, no calo-
rinated dioxins or furans were found on the fly ash, while practically all
isomer classes of chlorinated dioxins and furans were found in the gaseous
emissions.“ These results demonstrate that to conclusively prove or
disprove the existence of chlorinated dioxin and furan air emissions, a

source®s Fly ash and gaseous emissions must be sampled and analyzed.

3.2.1.1 Municipal Waste Incinerators—

As an examination of Tables 3-L and 3-2 shows, the incinerator type
which has been tested the most and found co contain chlorinated dioxin and
furan air emissions is the municipal refuse or municipal waste incinerator
MmaD) . In source tests of MVTs all classes of chlorinated dioxin and furan
isomers given iIn Tables 2-L and 2-2 have been identified. The isomer class
suspected to be the most toxic, TCDD, has been shown to consistently be a

minor component of neasured chlorinated dioxin emissions. The isomer

JL
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2 very mizor part of the TCDD load or it is

2lly eithar
2,4,7,11,23,40

ot praseant at all. Gamerzlly, che aigher chlorinaced

dioxin compouzdé pradominaca im the samples that have been analyzad. 4s a
concTzst, tha chlorinated furan iscmer class TCDF is ofter 2 major component
of total calc=izatad furan emissions. The 2,3,7,8~TCDF isomer has been
shown iz savazzl YW1 Sescs Lo be a mzjor comstituent of total TCDT enmissions
"and of coczi c=lacizmacad furam emissions. Rafarerccas 7, 17, 23, 26, 34, 68,
and. 83 ara2 jusT z few of the instances in which thesa types oI furan rassults

ara reportad.

Three hypotheses hava been put forth ip. the literaturs to explain the

2,32 The

Lirst hypothesis statass that chlorinated dioxins and furans occur in MWL aiz.

existazce of chlorinatad dioxins and furans in MWL air emissions.

emissions because these same compounds ara prasent in the.matarials to be
incineracsd., The heat of incineracion relesazses the chlorinated dioxipms and
furans. which adsorb cnte fly ash or homogenaocusly condense inco f£ine parti-
cles. The sacound hypothesis predicts that calorinated dioxin and. furanm
emissions from MWIs ocgur as a result of ckloxizacad organic precursors such
as chloropiencls and chlorobenzenmes peing 2 component of the wastas to te
.buraed. The temperatures of inecineration imiciats chemical E:ausformations
of thase pracursors to Iorm chlorinated dioxinsg aad furams. This transior—
mation process by heating has been demomstratad by severzl rasearchers (see
Section 3.3). The third hypothesis, for which there is very little direct
evidence, pradicts da movo chlorinated dioxin and Iurarm formation cam rasult
from 2igh tamparacura razactions betwesn non-chlorimatad organics and

inorganic chlorine/chlaoride present in the wastas.

3.2.1.2 Hazzrdous and Chemical Wasta Inc
The literature in Table A-l contained information on sevan diffarant
hazardous and chemical waste incinexacers (EWLs zad CWIs) that have beasn
shown to be amitting chlorinated dioxins zad furans. The subscances burned
by these iacizerators Include waste chemical tars, PC3s, waste oils, and the
nerbicide Agent Orange. The souzce buraiang Agenc Orzmge I3 the hazardous

wasta disposal ship M/T Tulczrous.

insrators~— .
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In only three, of the seven HWT and CWT tests vera both chlorinated
dioxins and furans analyzed for. In tvo of these three tests involving ?C3
incinerators, only TCDD, TCDF, and their 2,3,7,8-isomers were the subject of
analysis. The pattern discussed in Section 3.2.L.L concerning the occur-
rence of TCDD and TCDF vas evident in these ?C3 incinerator tests. Levels
of TCDF vare 2 to Il tines greater than TCDD. |In the third test of a CwT
for vhich cnlcrmated dioxins and furans vera analyzed, TCDD, PCDD, ECDD,
S,CDD, OCDD, TCTT» PCDF, HCDF, and S~CDF vere found* Equal cuantities
of TCDD and TCTT vere measured.

In the retraining four EWX tests, samples vere only analyzed for chlo-
rinated dioxin compounds. These incinerators were burning vaste tars,”
pesticide chemical vastes, and the herbicide Agent Orange* Chlorinated
dioxin isomer groups TCDD, FCDD, ECDD, E~CDD, and OCDD vere found. The
toxic 2,3,7,3-TCDD isomer vas identified separately In tvo of the four
tests. In the incineration of Agent Orange, 2,3,7,3-TCDD levels vere not
reported separately from total TOD, and in the incineration, of chemical

tars no TOD of any type vas detected*slll”‘S4

3.2.1.3 Wire Reclamation Incinerator—

Wire reclamation incinerators (WRIS) are used to burn off the casings
of scrap vire for the purpose of recovering the necal value of the wire.
Several types of casings have been shovn zo contain organic and chlorinated
organic materials chat may be chlorinated dioxin and furan precursors.
Preference 67 reports the findings of one source test conducted to determine
the existence and amount of TCDD and TCDF in a WRI’s air emissions. 3och
isomer groups vere identified in the incinerator®s emissions and TCDF levels
vere 30 times higher than TCDD levels. Only fly ash samples vere analyzed
for TCDD and TCDF. Speciation for individual TCDD and TCDF isomers vas not

performed in this cast.
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3.2.2 3oiler Source Caxagori.es

The air emissions of utility and industrial boilers have been analyzed
for the presence of chlorinated dioxins and furans. 3oilers burning a
variety of fuels including coal, Tfuel oil, wood, refuse-derived-fuel (RDF),
waste oils, and waste wood treatment solutions have been tested. The
results of the analyses to determine chlorinated dioxin and furan emissions

from these sources are discussed, in the following sections.

3.2.2.1 Utility Boilers—

lir emission samples-from ten utility or electric power boilers have
been analyzed for the presence of. TCDD and/or its 2,3,7,3-isomer. No other
chlorinated dioxin isomer groups or individual isomers have been analyzed
for in the samples taken to date. |In the can tests, TCDD and 2,3,7,3-TCDD
levels have been below the particular detection limits used. In only one of
the ten tests was gaseous phase sampling and analysis for chlorinated

dioxins and furans conducted.

In one test of a 750 MW power plant burning low sulfur, high ash
western coal, no TCDD wes. detected in fly ash samples at a lower detection
limit of L.2 parts per trillion (ppt) . The analyzed fly ash sample was
collected from the stack downstream of the plant®"s ES? control device.

In another case, fly ash samples from seven coal-fired utility boilers were
analyzed for the presence of TCDD and 2,3,7,3-TCDD. Lower limits of detec-
tion ranged from 1.0-2.3 ppt with the average detection limit being L.3 ppt.
No TCDD or 2,3,7,3-TCDD was detected in any of the seven samples. Other
tests have bean conducted on a coal-fired utility boiler to determine the
presence of TCDD in fly ash emissions at a lower detection limit of L.5 opt.
No TCDD was detected on the fly ash.

No TCDD or 2,3,7,3-TCDD was detected in tests of a 35 Y.W utility boiler
burning a combination of coal and PDF. Fly ash and gaseous emissions

samples taken downstream of the ES? control device were analyzed for these



compounds. The lover detection limits for fly ash. and gaseous samples wera
0.1 parrs per billion (@"0) and 0.0005 ag/litar, respectively. The
anchors or Reference 30 srace cnar iCDD vas noc round because more complaca
combuscicn occurs in Che utility boiler (as opposed Co an incinerator),
thereby destroying the 7COD compounds- Mora complete combustion occurs
because fire"scm temperatures are maintained at higher levels and firebox
residence tines are longer- It should be noted, however, that in saoaraca
tests of the 35 boiler, chlorinated furan compounds were qualitatively

identified in both fly ash and vapor samples.78

In similar work reported in Reference- 7, a boiler burning coal and RDF
vas tested and found noc to be emitting chlorinated dioxins or furans as
either Ffly ash or gaseous emissions. The detection limit reported for

measuring TCDD and TCDF in the vapor samples vas 0.00025 ng/liter.

3.2.2.2 Industrial Boilers—
An industrial boiler burning waste oils vas found to be emitting:

chlorinated dioxins and furans on fly ash particles.23*34

Fly ash from

the boiler stack, and the IS? catch vas analyzed. Chlorinated furan isomer
groups I~CDF, TCDF, BCD?, ICDF, H.CDF, and OCDF were identified in the
emissions. The 2,3,7,3-TCDF isomer was a major component of the TCDF group.
Chlorinated dioxin isomer groups TCDD, ?CDD, HCDD, S-.CDD, and OCDD were
also identified- The 2,3,7,3-TCDD isomer vas found to be a minor component

cr the ZCDB grcun_23’34

Two separata tests were conducted on another industrial boiler burning
coal only and RDF only to determine the presence of TCDD, TCDF, and their
2,3,7,8-1scmers. In tests with each fuel type, fly ash and mgaseous samples
were taken from the 1S? stack and analyzed. The TCDD, TCDF, 2,3,7,8-TCDD,
and 2,3,7,3-TCDF compounds were identified in fly ash and gaseous samples

from the combustion of each fuel type. Chlorinated dioxin and furan
emissions from burning coal only were slightly higher than those from

burning RDF only.



la a case of an industrial boiler fired with coal and fuel oil, onl7
chlorinated dioxins vara the subject of analysis " Stack, fly ash
samples were anal7cad and found to contain TCDD, aCDD, 3-CDD, and OCDD.
No results vara reported for levels of ?CDD. The combined quantities of
TCDD and CCZZ accounted for approximately 90 percent of the total chlor-
inated dioxins found. The 2,3,7,8-TCDD isomer was not detected at a lower

N
cetectron = :net or L0 7po®-11-51

Tests or emissions from an industrial boiler in a wood preserving plant
indicated a potential for chlorinated dioxin and furan emissions from the
combustion, of wood preserving- Wastewaters.3 In the plant, tested, the
boiler was burning wood waste and a PC?/creosote wastewater mixture.
<Chlorinated dioxins and furans were not detected in the fly ash air
emissions from the boiler®s fabric filter control device; however, chlo-
rinated dioxins and furans were found in the boiler bottom ash and in the
fly ash collected by the fabric filter. Chlorinated dioxins were detected
primarily iIn the- bottom ash, while chlorinated furans predominated in the
collected fly ash- Mono- through octachlorinated isomers of dioxins and
rurans were round in the rly ash and bottom ash samples.3 Although its
detection is not explained, Reference 3 reports chan 2,3,7,3-TCDD appears

(emphasis added) to be present in the collected fly ash.

3.2.3 Residential Stoves, Pireolaces, and Pumacas

Prom the literature cited in Table A-L, chlorinated dioxins have bean
identified in the fly ash emissions of six residential wood stoves, two
residential fireplaces, and one residential heating furnace. These sources
are identified as chlorinated dioxin emitters because chlorinated dioxin
compounds have been measured in chimney particulates from each source.
Stack, gas fly ash samples have not, however, been taken and analyzed. None
or the chimney particulate samples from these sources have been analyzed for
the presence of chlorinated furan compounds. Characteristics of each
source®s chlorinated dioxin amissions are discussed in the following

sections.
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3.2.3.L Residential Wood Stoves—

Chlorinated dioxin emissions were identified in the chimney particu-
lates of wood stoves located in the eastern (New Hampshire), central
(Michigan and Minnesota), and western (Oregon) parts of the United States."”
In choosing stoves to test, researchers attempted to pick stoves burning
wood that had not been previously treated with preservatives or herbicides
that could acr as chlorinated dioxin precursors. In New Hampshire primarily
red oak was burned, iIn Michigan and Minnesota birch was the primary fuel,
and in Oregon fir was used. In all four locations chimney particulates were
found to contain TCDD, HCDD, H~CDD, and CCDD. The 2,3,7,8-TCDD isomer was
also measured iIn several samples but was found to be a minor component of
total TCDD emissions

3.2.3.2 Residential Fireplaces—

Chlorinated dioxin emissions were detected in the chimney particulates
of two residential fireplaces burning wood that had not beea treated with
preservatives or herbicides. The chlorinated dioxin isomer groups iden-
tified in the fireplace emissions included TCDD, HCDD, H-.CDD, and OCDD.

The 2,3,7,3-TCDD isomer was identified in the particulates of one fireplace,
while In the ocher none was found at a lower detection limit of
0.04 ppo.-

3.2.3.3 Residential Heating Furnace—

Particulate matter removed from the plates of an ESP installed on a
natural gas-fired, residential heating furnace was found to contain
chlorinated dioxin compounds. The chlorinated dioxin isomer groups measured
were TCDD, HCDD, H~CDD, and CCDD. Levels of TCDD were less than 0.6 percent
of the total chlorinated dioxins found, however, the isomer 2,3,7,3-TCDD

represented approximately 60 percent of the TCDD measured. °~~~"

3.2.4 Internal Combustion Engines

The authors of References 6, Il and 51 have extrapolated that internal

combustion engines burning gasoline and diesel fuel are sources of chlor-



inatad dioxin azir emissions. These axtrapolations have beer made on the
basis of rassarchexs measuring chlorirpatad dioziz compounds in particulata
matzer scraped from the insida of mufflers installed om gasoline=- and diesal

fuel-burning cazs 22d trucks.

Tae zuiilizr serzpings werz only anzlyzed for chlorizmated dioxins., Five

®
!

mufflaxs werz sa=sliad Zrom cars buzning leaded and unleadad gasoline and all

5

wera found ¢ czztain chlorimnated dioxin paxticulatas. The specific iscmer

groups dacaczad wara TCDD, E,CDD, and OCOD. The toxic 2,3,7,8-TCDD iscmer
6,11,51

was detectad ix cz2 of the five gasoline-burning samples.

1

Muffler samplas from two trﬁcks burning diesel fuel were aléc fdaﬁd to
coancain chlorinacad dioxin particulatas. The isomer groups detacted wera
TCDhR, IZCDD, H7CDD, and JCDD. The 2,3,7,8-TCDD isomer was datacted io one
of the muffler samplas from a diesel fueli-burning cruck.

3.3 POTENTIAL SOURCEZIS OF CHELORINATED DIOXIN AND FURAN AIR EMISSIONS

FROM LABORATORY ZX2ERIMENTS

In this section patantial sources of chlorinated dioxin and furan aix
amissions Chat have been Ideatified by laboratory experiments are discussed.
Tae majority of thesa experiments involve heactizg or Surning confirmed and
suspected pracursars of chlorinated dioxin and iuran.compounds, and then
analyzing offgases or residual matarial for the presence of chlorinated
dickins and furams. ALL experimenval datz of this sype found in the refer-
ances of Table A~l ara summarized in Tables 3-3 znd 3~4. GZach experizent

given in Tables 3-3 and 3-4 is discussad below.

3.3,1 Combustion ¢of %oad, Grass, and Pzper Traated with a Formulacion
of 2,4,3-T

In the firsc sxperimenz, wood chips wera traztad with a commercizl
2

herbicide contaizisg 2-butoxyethyl,
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and burned in"a laboratory oven.* light case bums were made and che
offgases of burning were sampled and analyzed for chlorinated dioxin and
zuran compounds. Terra—» penta—» hexa—, nepta—» and octachlorinated isomer
groups of both chlorinated dioxins and furans were detected. As shown in
Tables 3-3 and 2-4, the higher chlorinated dioxin isomer groups (ECDD,
E~CDD, CCDD) predominated, for that family of compounds, while the lower
chlorinated h m iscmer groups (TCDF, ?Q"™) were more abundant among che
cocal enuoremaned. turan popul';tion_28 frem tnis experiment che authors of
Reference 23 attempted to show qualitative and quantitative impacts,

associated with burning forests (e.g., bv forest fire) treated with 2,4,5-T-

In a second group of experiments involving 2,4,5-T, other researchers
separately treated paper and grass with a 2,4,5-T ester formulation known as
Estaron 245" (a registered Dow Chemical formulation) and burned the
naterials in the Iaboratory.20 The objectives of che experiments were to
determine the quantity of highly toxic 2,3,7,3-TCDD produced by burning
materials treated with the 2,4,5-T herbicide and to estimate if the- quantity
produced could have significant impacts to natural environmental systems,
i.a., forest fires in 2,4,5-T treated forests. Thera was 2,3,7,3-TCDD
produced from che paper and grass burnings additional to chat already
contained in the applied 2,4,5-T formulation.20 Though they state chat
their experiments are not inclusive of every possible burning condition, the
authors of Reference 20 conclude that the data ~”strongly suggest chat only a
very small fraction of 2,4,5-T (or other 2,4,5-trichlorophencxy species) 1is

converted to TCDD.”

3.3.2 Combustion of *ood Treated with a Trichlorophenolace and

Tetrachlothenolata Formulation

To determine che quality and quantity of chlorinated dioxin and furan
emissions resulting from burning wood treated with preservatives, re-
searchers in Sweden burned wood chips created first with a crichloro-

phenolata preservative formulation and then with a tetrachlorophenolate

Al



preservative formulation.The fly ash and gaseous emissions generated

by each experiment were analyzed only for chlorinated dioxin compounds.
Compounds in the chlorinated dioxin isomer groups DCDD, T~CDD, TCDD, ?CDD,
ECDD, H CDD, and CCDD were detected from burning both chlorophenolata
formulations,, Chlorinated dioxins were also identified in the emissions
from the conhnation of wood chips treated with a PC? wood preservative
formulation. Cronin emission levels were much less from PC? combustion than
from tri- or tatrachlorophenolate combustion except when PC? combustion was
carried out with insufficient oxygen. Quantitative results of PC? com-
bustion were not reported in Preference 56. The researchers did not attempt
to extrapolate any of the laboratory results to natural or other combustion

situations.

3.3.3 Pvrolvsis of Commercial ?C3s and ?C3 Isomers

Two experiments involving the pyrolysis of commercial ?C3s are reported
in the references given in Table A L. * The results of these experi-
ments are summarized in Tables 3-3 and 3-4. In each experiment commercially
available PC3 formulations were heated in quartz ampoules to temperatures
ranging, from 550-350°C (L023-1563°7) for about 60 seconds. Residual ash
from the pyrolysis procedure was analyzed only for chlorinated furan
compounds. In the First of these experiments (Reference 43), MCDF, DCDF,
TACDF, TCDF, and PCDF isomer groups were detected. In the second experi-
ment (Reference 34), HCDF, DOF, T.CDF, TCDF, PCDF, HOF, -LCDF, and
OOF 1isomer groups ware detected, and the toxic 2,3,7,3-TOF isomer was
found to be a major component of the TOF group. References 34. and 43
contain conclusions that hazardous waste incinerators used to destroy PC3

wastes may be sources of chlorinated furan compounds.

Researchers have also pyrolyced L3 individual, laboratory-prepared PC3
isomers to determine if they are capable of producing chlorinated furans. A
disc of the PC3 isomers pyrolyced is given in Table 3-5. ~ Again, the

?C3 samples vara heated in quartz ampoules to temperatures of 550-350°C



TA3LZ 3-5.

Isomer Class

TecrachlOrcbi.rrer.7 1

Fencachlorobiphenyi

Hexachlorobiphenyl

Eepcachloro®oiphenyl

Ocrachlorobiphenyl

LIST OF PCB

ISOMERS TEAT WERE PTROLTZZD TO
DEIERMEIZ POTENTIAL CHLORINATED FTTRAN EMISSIONS36

Individual Isomers

2.3.4.5-
2.3.5.6-
2,6,2*%,6%-

2,3,4,5,6—

2,4,5,2%,5%—
2,4,5,3%,4%-
2,4,6,2%,4%-
2,3,6,2*,5*-

2*4,5,2r,4*,5%-
2,4,6,2*,4*,6°-
2,4,5,2%,4*,6%
2,3,4,2% .3 ,4*-
2,3,5,27,3*,5*-
2,3,6,2*,37;6F
3,4,5,3*,47,5*-

2,3,4,5,2*,3*%,4*-
2,3,4,5,27,47,5%-

2,3,4,5,2*,3*,4" ,57-



(1022-1563J37) for 50 seconds. An analysis of the pyrolysis residues from
ail 13 PC3 isomers showed che presence of chlorinated furan compounds.
However, noc ail chlorinated furan isomer groups were produced by each PC3

isomer. Her example, che pyrolysis of tecrachlorobiphenyls yielded DCDr,

T.CDF, an:

TCDF, and PCTr . hexachlorobiphanyls yielded TCDF, PCDF, and HCDDand so
on. ars-who conducted the PC3 isomer experiments made che
following .usions based on their results.”

hosr of. the major chlorinated furan isomers found in fly ash
samples are che same as chose formed from che pyrolysis of ?C3
samples, thereby giving strong support-chat chlorinated furans
originate from che uncontrolled burning of ?C3s.

The uncontrolled burning of ?C3s in waste incinerators is forming
toxic chlorinated furan compounds chat are being emitted Co che

environment.

3.3.1 Pvrolvsis of Trichlorobenzene, Tacrachlorooenzene, and

?ancachicrobenzane

- Pyrolysis experiments involving polychiorobenzanes were conducted in a
similar manner to chose conducted and previously described for ?C3s.
Technical grade formulations of trichlorcbenzene, tacrachlorobenzena, and
pencachlorobensena were put into separate quartz ampoules and pyrolyzed at
620aC (1143°F) for 50 seconds in che presence of air.* In addition, a
combined sample of equal amounts of cri-, cacra-, and pentachlorobenzene was
also pyrolyzed under these same conditions. |In all cases, residual material
from pyrolysis was analyzed for chlorinated dioxin and furan compounds.
Tatra through ocra isomer groups of both chlorinated dioxins and furans were
detected from the pyrolysis samples of trichlorobenzenes, cetrachloro-
benzenes, pencachiorobenzenes, and che combination mixture of tri-, cacra-,
and pentachlorobenzene. The 2,3,7,3-1CDF and 2,3,7,3-TCDD isomers were

detected in all samples, however, they were found to be minor components



relative to ocher isomers within the TCDr and TCDD grouns and ocher isomer

25
groups.
3.3.5 High Temperature Oxidation and Chlorination of Coal

The series of laboratory experiments described here were undertaken, to
show whether chlorinated dioxins could be formed from a naturally occurring
i, 30 2 _ _
organic materna— sucn as coal. The tour primary tests to cetermina

whether chlorinated dioxins could be produced from, coal were:

the reaction of cos~ with air at high temperaturesr

che- reaction of coal with air and sodium chloride at high tempera—
turelS, -

the reaction of coal with air and hydrochloric acid at high
temperatures, and

the reaction of coal with air and chlorine gas at high tempera-

cures.

All reactions were carried out in a quarcr tube suspended in a furnace with,
a mfi-gnim reaction temperature of 600°C (L112a7) . Coal residue in the
quartz tube and reaction offgases-were analyzed for TCDD, HCDD, E-CDD, and
OCDD .

As shown iIn Table 3-3, the high temperature oxidation of coal yielded
only isomer groups H-CDD and OCDD, the majority of which were detected in
the reaction offgases. High temperature oxidation and chlorination of coal
by sodium chloride produced similar results to chat achieved by simple
oxidation. Only 3 CDD and OCDD were detected, however, the split between
cube residue and offgases was about equal. When hydrochloric acid and
chlorine gas were used as chlorination agents, the formation of chlorinated
dioxins increased about 30 and L30 times, respectively, over chat produced
with sodium chloride. The chlorinated dioxin isomer groups TCDD, HCDD,

H»CDD , and OCDD were detected when hydrochloric acid and chlorine gas
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ctlorinators were usad., In the case of chlorimation by hydrochlaric zcid,

89 percarz af cha detacted chlorinaced dioxins wera faound in the tube

of the deczectzd chlorinated dioxing wera fouad in the reacticn offgases.

The lavels of T72D detected im the coal reaction samplas using hydrochlorie
acid and chlﬁ:i:-.~ z2s chloriuators-cere, on the averaga, less than 1 percent
of the cacal __;_-__atad diozizs measuxzad.

—

3.3.68 BRurnize of 3irch Leaaves and Wood Wool Traated with Chlorovhenatas

Wood treatment plants often burn chlorophenate—trzatad wood wastas for

their fuel value. Researchers have been interastad in determining if this

practice produced chlorinatad dioxzin and furzn aiyx emissions; ther=fora, an

experiment t£g burnd cilorophenate—treated bixzeh leaves and wocd wool was
7 1 o . ’ - e ¥ -
conductad. Iz the first part of this experiment, bixch leaves znd wood

wool were trazctad with commercizl grade chloroplienats wood praservativas and
burnmed. The cffgasas. and ash produced by burning werz analyzed for.chlo-

. ; : 2l
rinated dioxin zné furan compounds.

Chlorinacad dioxin isomer groups TCDD, ZCDD, HCOD, E7CDD, and 0OCDD

wers detectad iz samples from bath bizch leaf and wood wool buraning. For

-

all chlorinztad dioxin isomer groups, emissions were greater Irom the

b

. _ X - , ‘s 21 .
urning oL woad wool thaza from burning bizch leaves. In addition to

chlorinatad dioxins, chlorinatad IZuran isomer gzoups TCDF, PCDF, HCDF,

ETCD?, and OCDF were also Zound in the samples of the burmed birch leaves

and wood wool. The TCDF isomer group csusctiturted a major part of total

chlorioarad Iurzz compounds detactad. Lavels of TCDF found iz the burmed
sample offgasas 2nd ash were 100 tinmes greater chan that contained iz the
71

treated birck 1221 and wood wool samples prior to burning,

Iz the szcond parz of this experimensz, birch lazves treaazad wit

.

purified chlsropaanata praservatives were burned zmd the resulcoing emissious



analyzed for chlorinated dioxin and furan ccnpounds. The puriiiad chloro-
pr.enaces used vera 2,4, 5-crichlorophenaca and pentachlorophanate. Chlori-
nated dioxin emissions vara decacrad in Che case of boch purified chloro-
phenatas with, cha iscnar groups TCDD, ?CDD, SCDD, S*CID being found. In
che burning of 2,4,o-trichlorophenace—treated birch leaves, TCDD constituted
99 percent of cha chlorinated dioxins found. In Cha burning of pentachloro—
phanata—created burch leaves, the higher chlorinated isoner groups EL.CDD
and GCDD constituted 92 percent of total chlorinated dioxins. With both
purified chlorepaerate—created samples, levels of chlorinated dioxins found
after burning vera greatly increased over vhat they vara prior to bum-
iag.21

No chlorinated furans vere detected in the samples obtained from
burning birch leaves treated with 2,4,5-crichlorophenace end pentachloro-
phenata. The authors of Preference 21 state that chlorinated furans vere not
detected because the impurities vhich cause then to be formed are not
present in the purified chlarophenates. The impurities are present, how-
ever , in the commercial chiarophauntas, therefore, chlorinated furans vere

decanted iIn burnings or cnose samples.21

As a summary to che experiments conducted with chlarophenates, the
authors of Reference 21 conclude that, 'the burning of chlarophenates or
material like vood shavings, plyvood, or vaste oil containing chlarophenates
seems to be a more important source to environmental pollution by polychlo-
rinated dibenzo-p-dioxins including 2,3,7,3-1CDD than che accidental burning

of 2,4,5-T derivatives Dr vegetation treated with 2,4,5-T derivatives.”



CHAPTER 1

CHLORINATED DIOXIN AND JURAN EMISSIONS DATA

The purpcsa tf this chapear is to present available chlorinated dioxin
and furan axisaims data found in the literature. The majority of data in
the literature is in the forex of chlorinated dioxin and furan emission
concentrations- and amission factors. Very few data are available on an
annualized mass amission basis (i.a., Ib/yr) for either source categories or
individual sources. Summaries of the available- literature data on chlo-
rinated dioxin and furan emissions from source- categories and individual
sources have been presented in Tablas 3-L and 3-2 of Chapter 3. It is not
the purpose of this chapter to repeat every data point given in this table.
Instead, vhen sufficient data are available, emission averages for parti-
cular source categories are discussed to show variability in the emissions
of similar sources. Annualized emissions data for individual sources or

source categories are given where- available.

1.1 CHLORINATED DIOXIN AID JURAN EMISSIONS JROM INCINERATION SOURCES

No annualized chlorinated dioxin or furan mass emissions- data were
available in the literature for incineration sources. The majority of data
that were available for all incinerator types were in the form of
chlorinated dioxin and furan concentrations in the fly ash. Jor MWIs, total
chlorinated dioxin levels in fly ash amissions ranged from 23.3 poo to
2966 ppb, vita an average value of 863 ppb being calculated. Total
chlorinated furan levels from MWT emissions ranged from 13.1 ppb to
2036 ppb j with the average being 621 ppb. Jor HWTs and CNTs fewer data were
available on which to base emission ranges and averages. Based on only
three data points total chlorinated dioxin levels in the emissions of

HwTs/CVIs ranged from 15.5 ppb to 167,000 ppb. Data were insufficient to



establish a range for total chlorinated furan emissions from ZWIs/CWIs
because in the majority of the E~T/CNT tests- only chlorinated dioxins, and
specifically TCDD and 2,3,7,3-TOD, were analyzed for.

Table 4-1 presents a breakdown, an the range of concentrations of
chlorinated cicxhn and furan iscmer groups measured in the emissions of MWXs
and HWIs/CwTs. 'The lowest reported detection of each chlorinated dioxin and
furan compound is. given in Table 4-L. However, if during any test, of one of
these iIncinerator types a particular compound was not detected,, it is noted
in the table. In interesting contrast shewn by Table 4-L involves the level
of 2,3,7,8-TCDD in incinerator emissions. Table 4-L shows that levels as
high as L10 ppb have been measured;, however, in the SAl report on dioxin,-
Hunan Exposure to Atmospheric Concentrations of Selected Chemicals,l
2,3,7,3-TCDD levels in incinerator emissions (and other combustion sources)
were assumed to be 2 ppb. A potential difference of this magnitude has a
significant impact on the national. 2,3,7,8-TCDD emissions estimates made in
the SAX document.

In several of the M-/ tests reported in the literature, chlorinated
dioxin and furan amission factors were developed based on the quantity of
waste burned in the facility. The identified factors for total chlorinated
dioxins and furans, TCDD, 2,3,7,3-1CDD, TCDE, and 2,3,7,3-1CDF are sum-
marized in Table 4-2. The 0.23 and 2.3 ug/kg values reported in Table 4-2
for total chlorinated dioxins and furaas were determined from tests on
incinerators in the United States. The high values in the ranges, 16.3 and
17.4 ug/kg, have been determined for MWIs in Europe. The emission factors
for TCDD, 2,3,7,3-TCDD, TCDE, and 2,3,7,3-1CDE were ail developed from casts
on domestic JiWTs. In the tests from which all of the emission factors in
Table 4-2 were developed, both gaseous and fly ash emissions were analyzed

for the presence chlorinated dioxin and furan compounds.



TABLE 4-1. CONCENTRATION RANGES 07 CHLORINATED DIOXIN AND FURAN
COMPOUNDS FOUND IN THE EMISSIONS OF INCINERATORS”

Chlorinated Dioxin

or Furan Compound MB*i.s HWIs/CWIs
2,3,7,8-TCTT <0.13 - 100 ppb * 2 — L10 ppb *
TCDD 0.7 - L10 ppb 0.48 - 12,000 ppoa
?CDD 2.9 - 488 ppba c

HCDD 3.4 - 1200 ppba 0.5 - 5600 ppb
SLCDD 3.2 - 1040 ppba 4 — 37,000 ppb
CCDD 0.4 - 900 ppb 9 — 59,000 ppb
2,3,7,3-TCDF ND - 300 ppba ND - 2.5 ppb”
TCD7 - L3 - 223 ppb2* 2 — 100 ppb2
FCDF 3.3 - 3L0 ppba o

HCDF 1.9 -m370 ppbZ’ C
E-CDF 4.1 - 407 7pb c
CCDF 0.L2 - 166 ppb3 c

Compound vas aoc detected in one or nora cases.

DND > Not dacacead.

Clnsu¢ficienc daca Co characterize ehe emissions of chis compound.

All daca in che cabla vas cakan from Tablas 3-1 and 3-2 of Chapear 3.

In cha SAl dioxin rapare (Systems Appiicacicns, Inc., Human Exposure co

Acmespheric Concancracions of Salaccad Chemicals. EPA Contract 68-02-3066.

-abruary 1982.) 2,3,7,3-TCDD levels iIn incinerator amissions and fossil

-uel combustion source emissions vare assumed Co be 2 poo. All national
tes in che SAl document vara basad en cha 2 oob value.



TA3LI 4-2. CHLORINATED DIOXIN AND FURAN EMISSION FACTORS
FOR MUNICIPAL WASTE INCINERATORS "*17°58,33

Chlorinated Dioxin

or Furar Carrcurd Emission Factors, ug/xg of vasta buread
local cnlcrirarad dioxins 0.23 - Lo.3

local chlcriracad furans 23 - 174

TCDD 0.032 - 0.045

TCDF 0.17 - 0.45

2,3,7,8-TCDD 0.002 - 0.021

2,3,7,8-101 ND - 0.13

“ND = Noe dacaccad.



4.2 CalQB.1ZTA.TZD DIOXIN AND JURAN EMISSIONS FROM 30HIR SOURCES

No annualized chlorinacad dioxin or furan nass emissions daca vare
available in che literature for boiler sources. As shown in Tables 3-1 and
3-2, very fTew daca are available for boiler sources on any basis. The
concentracion of cocal, chlorinated dioxin emissions from two industrial
boilars in che CIS. and Europe have been neasured to be 53 ppb and 500 ppb,
respectively. » > 71~ 3oth of these coneeneracions were detected in fly
ash from an ESJ. In che test of the U.S. boiler with 63 ppb total
chlorinated dioxins, 38 ppb were determined to be TCDD. None of the
2,3,7,8-1CDD isomer was detected at a lower limit of 10 ppb. [In contrast,
the SAL dioxin report (see Table. 4-1) assumed than the 2,3,7,8-TCDD level in
fossil fuel combustion source emissions, was 2 ppb.] The European boiler
with the total chlorinated dioxin emissions concentration of 600 ppb was
also determined to have a total chlorinated furan concentration in ES? fly
ash of 300. ppb.23’3¢' No ocher chlorinated furan emissions concentration

data were available in the literature for boiler sources.

The only ocher data available for boiler sources were in the form of
chlorinated dioxin and furan emission factors. In two different tests of
the same industrial boiler burning coal and RDF, TCDD, TCDF, 2,3,7,8-1CDD,
and 2,3,7,3-1CDF emissions were determined on the basis of the amount of

fuel burned. The results of these tests are shewn below:

Emissions (yg/kg) from 3uming

Coal RDF
TCDD 0.69 0.36
TCDF 5.3 3.7
2,3,7,3-TCDD 0.:0 0.11
2,3,7,3-TCDF 2.0 L.3

-.aese asulcs indicate chat when coal and RDF are burned in an industrial
boiler chlorinated dioxin and furan emissions are greater from burning
coal. These tests also indicate char regardless of whether coal or RDF is
burned chlorinated furan compound emissions are greater than chlorinated

crcx:  compound emissions.



4.3 CHLORINATED DIOXIN AND UHLAN EMISSIONS FROM RESIDENTIAL WOOD
STOVIS AND FIXE?LACES

The concentration of chiorinaced dioxins in the fly ash enisslons of
wocd staves located la three sections of the United States has been, deter-
mined by tastier. The results of these tests are summarised in Table
4-3.*5 For all tests total chlorinated dioxin emissions ranged from
25.6 doc to 21,73T ppc. The concentration of TCDD in the emissions of the
tested stoves ranged free, none detected to 4923 ppt, with concentrations of

tonic 2,3,7,3-TCDD ranging from none detected to 100 ppc.”

A source category similar to wood stoves, residential fireplaces, has
been shown to have chlorinated dioxin emissions comparable to those given in
Table 4-3. In one test of a residential fireplace, total chlorinated dioxin
emissions ranged from 1300 ppt to 44,400 ppt. Emissions of the TCDD isomer
group ranged from none detected to 400 ppc, with levels of 2,3,7,8-TCDD

ranging from none detected :o0 100 ppc.

3ased on the results of the wood stove and fireplace tests, nationwide
emissions of TCDD from wood burning in residential stoves and fireplaces
have been estimated co be 0.27 kg (0.6 Ib)/yr.37 It is also estimated in
Reference 87 chat commercial wood burning contributes 0.54 kg (1.2 Ib)/yr of
TCDD co the air, controlled wood burning emits 0.32 kg (0.7 Ib)/yr of TCDD
to the air, and forest fires are responsible for emitting 3.1 kg (6.9 Ib)/yr

of TCDD into the air.87

4.4 CHLORINATED DIOXIN AND FTRAN EMISSIONS FROM INTERNAL COM3USTICN
ENGINES

Chlorinated dioxin emissions from automobile and truck internal com-
bustion engines burning® gasoline and diesel fuel are summarised in
Table 3-1. Total chlorinated dioxin levels ranged from 0.023 ppb to 0.092

pp"o. Levels of the TCDD iscmer group ranged frem none detected to
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TABLE 4-3 CHLORINATED DIOXIN EMISSIONS FROM RESIDENTIAL WOOD STOVES'®

Chlorinated
Dioxin. Compound

MCDD
DCDD

TACDD

TCDD
2,3,7,8-TCDD
PCDD

HCDD

HyCDD

0CDD

Total Chlorinated
Dioxins

Dioxin Emissi,ou Concentrations
Seerions of The Il1.S.

Eastern
C.S. Stoves

NA

NA

NA
L041-4925 ?pt

90— 100 ppt

[N
L800-4300 ppt
2500-41C0 ppt

2000-5300 ppt

7641-L8,625 ppt

Central
U.S. Stoves

NA

NA

NA
ND-374 ppt
ND—13 ppt

NA
2.7-2000 ppt
8.9-9000 ppt

L4-12,400 ppt

25.5-23,774 ??t

in Various

Western
C.S. Stoves

NA
NA
" NA
124-137 ppt
6-1L ppt
NA
850-2600 ppt
1700-4000 ppt

1700-4000 ppt

4374-10,737 ppt



0.008 ppb > vith. detactions of toxic 2,3,7,3-TCDD ranging from, none detected
co 0.004 ppb.~

Levels of chlorine.tad dioxin, amissions from diesel fuel internal
combustion, anginas vere determined to be greater than the amissions from
gasoline anginas, 1is shown in Table 3-L, total chlorinated dioxin levels
from diesel fuei engines vere found to be about 0.40 ppb. The TCDD isomer
group and its most toxic isomer, 2,3,7,3-TCDD, vere measured at levels of

0.023 ppb and 0.CG3 ppb, respectively.

4.5 SOURCE EMISSIONS OF CHLORINATED DIOXINS AND FURANS DETERMINED FROM
LABORATORY EXPERIMENTS

Laboratory-generated data concerning potanciai chlorinated dioxin and
furan amissions have been presented in Tables 3-3 and 3-4. In only cvo of
the experiments (References 20 and 28) reported in Tables 3-3 and 3-4 vere
the emission results used to extrapolate chlorinated dioxin or furan
emissions on a source category or individual, source basis. Both extrapola-
tions involved chlorinated dioxin emissions, specifically 2,3,7,3-TCDD and
TCDD from the combustion of materials treated vith 2,4,5-T.

In Reference 20 experiments vere conducted to find.out the level of
2,3,7,3-TCDD generated from the combustion of grasses and paper treated vith
a 2,4,5-T formulation. The researchers attempted to apply their results to
the real vorld situation of forest fires in a forest previously sprayed vith
a 2,4,5-T herbicide. Based on the level of 2,3,7,3-TCDD generated by their
experiments the researchers concluded that '“the TCDD burden added to the
environment by the combustion of natural materials treated vith
2.4.5- trichlorophsnox7 species is no larger than L ppc of TCDD per ppm of
2.4.5- T residue burned.” In P.eference 20 TCDD is used to abbreviate
2,3,7,8-TCDD



la Preference 23 experiments vera conducted to determine the level of

TCDD and other chlorinated dioxins emitted from the combustion of vood chips

treated vita a 2,4,5-T herbicide. From their experimental results, re-

searchers here extrapolated that the uncontrolled burning (forest fire) of 1

square meter of forest, directly after treatment with. 2,4,5-T, will yield

1 ug of TCDD. In these experiments the exact 2,4,5-1 formulation used

vas 2-buttxyeriyl 2,4,5-trichlorophenoxyacetate.
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CHAPTER 5

DATA ON PUBLIC EXPOSURE TO CHLORINATED DIOXINS AND FURANS

Nc quantiz,tlt a measurements of ambient air levels of chlorinated
diesir. arc furen. compounds are reported, iIn. the references given, in
Appendin A, Table A-L. Tnere is only one indication in Che literature vhere
an attempt was even made. to sample and analyze ambient air for the presence
of chlorinated dioxins or furans. |In Preference S one instance of
qualitative ambient air sampling for chlorinated furan compounds is briefly
reported. The source of the chlorinated furars in this case vas the ENSCO
PCB incinerator in El Dorado, Arkansas. The U.S. EPA obtained ambient air
samples downwind of this iIncinerator and analyzed them by high resolution
gas chromatography/mass spectroscopy (HR GC/MS) for the presence of
chlorinated furars. The results of the analysis ""suggested" the presence of
TCDF in the samples. As a result of these findings, a source test vas
initiated at the ENSCO incinerator to measure TCDF and 2,3,7,3-TCDF

emiss"-o0-s 3

The only other reported work, in the area of ambient air chlorinated
dioxin and furan exposures has involved calculating potential ambient
exposures to these compounds based on the results of atmospheric dispersion
modelling. Source tests at MKTs and HwTs have furnished input daca for
these modelling studies. References 5, 3, 12, 13, 17, and 82 present the
results of five studies in which potential human exposures to TCDD, TCDF,
2,3,7,3-TCDQ, and 2,3,7,3-TCDF have been estimated by the U.S. E?A based on

dispersion modelling results.
To conduct exposure assessments involving chlorinated dioxin and furan

compounds, the U.S. E?A uses its PTNAX dispersion model and an approach

known as the "upper Limit of risk estimate (ULGRE) ." The ULORE approach
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incorporates several vorst case assumptions which ensure chan the exposure
estimates determined are an upper bound to what could potentially occur.

. _ i
These assumeciocs are given below.

The carcinogenic propercies and reproductive effects of all TCDDs
and TTDcs are the sane as chat of 2,3,7,8-TCDD.

Ail rf the emissions from a stack are respirable and are retained
in tee body.

All cf the TCDDs and TCDFs chat are respired are biologically
available to the organism, even though some fraction is tena-
ciously bound in or on the emission particles.

The cocposition of the emission products found in the stack is
identical to the composition (but not the concentration) found at
the ground level.

The air dispersion modelling is representative of what hampers in
the natural environment.

The exposed population is subjected to the ~-r-TTZr average annual
concentration found at the point of highest concentration.

The nan-lnun annual average concentration is equal to L/40 of the
mex.imr_-Tt hourly concentration.

The population is exposed to this maximum, average annual concen-
tration from the source for 24 hours a day throughout a 70 year
lifetime.

The linearized nuiti-scage model and ocher assumptions of the
cancer unit risk assessment used by EPA"s Cancer -Assessment Group
(CAG) are utilized and represent an upper limit of risk at the

95 percent confidence level.

Using the ~~0?H approach, the following range of annual maximum average
ground level concentrations of TCDD isomers vas determined for the five

32
incineration sites analyzed. P



Comnound Range (ng/m™M)a
Tocal TCDDs up to 9.2 x LO
2,3,7,8-TCDD3 up co 3.8 x 10

¢ce lover end or Cha range is ralacad co cha noa-decected arnounc of TCDDs
found an cha sicas.
3In sore rasas cha analytical rechod used could hoc distinguish
2,3,7,3-TCDD - m several of cha ocher TCDD isomers. It is recognized Cha
some ocher TCDD isomers nay be co-eluting vich che 2,3,7,8-TCDD isomer;

cherefore, chis value could be an. overascinaCa of 2,3,7,8-TCDD exposures..



APPENDIX A

LIST OE REFERENCES OBTAINED FROM THE
CHLORINATED DIOXIN AND FURAN LITERATURE
SEARCH THAT PERTAIN TO AIR EMISSIONS

Table A-1 pr25au.cs cue lisc of references- obtained from cha literature
search chac discuss seme aspect. of chlorinated dioxin and furan air
amissions . Tna 37 chlarinacad dioxin and furan refaraucesegiven in
Tabla A-1 vera reviewed co specifically decamina daca on source categories
of amissions, individual sources of emissions, emission levels, and ambient
exposure levels. The specific copies of chlorinaced dioxin and furan air
emissions contained iIn the references are summarised in Appendix A,

Table A-2. As shown in Table A-2, there is considerable informacién on
source cacegories of emissions, a noderace amount of data on emission
levels, and very little daca on individuad sources of emissions and ambient

exposure levels.
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DIOXIN AND TURAN AIR EMISSIONS
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Volume 22, Number L. January/February L98l1. pp. 6-13.
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by Arthur 1. Little, Inc.) |Issued by the American Society of Mechan-
ical Engineers. 1981.

DaRos, 2-, et _al. (Acurax Corporation) Measured Multimedia Emissions
from the Weed Preserving Industry. (Prepared for U.S. Environmental
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4023. March. 1981.
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Chenosphere. Volume 7, 1978. pp. 269-231.
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in the Netherlands. Chamosphera. Volume 6, 1977. pp. 455-459.
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