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Combustion of PCB Substitutes

Utliities are concerned about the possible long.term toxic
eftacts of trace combustion products of potential PCB substi-
tutes. This literature reviaw turnad up much information on the
bulk combustion products of replacemen! compounds that are
already in wide use but few data on either the trace or bulk prog-
ucts of relatively new materials.

Several compounds are under Consideration as substitutes for polychion-
nated biehanyis (PCBS#) in transformaers and capacitors. To snsure thal these
insulating materials O NOt DOSE PrODIeMS similar 1O Ihose ancountsred with
PCBs, utilities need to determing Not Only their $1eCIFiCai. thermal. and phys-
Icgl charactaristics Dut 8180 the buik and trace MAalenals they producs when
pyrotyzed of comousted.

To revigw the literature on e Matenals produced during the Oyrolysis and
cOMDbuUSHON Of several s0itd. liguid. and gaseous substitutas for PCBs,

Ressarchers focused their review on 18 potential PCE reptacement
matenals—2 $0iids (epoOxy resing and polyviny! Chioride). 2 gases (Freon 113
and suifur hexativonds). and 12 tiquids, inciuding pnihaiate ssters. benzyi-
NEOCRDTale. SiHCONE. ChIorODENZENEs. Methy aled Ciphenyiethans. and oer-
chtorodthylens. in particular, projact workers sought information on trace
products reigted to those found during PCB thermal dacomposiion—(or
X8mple. DOIYArOMALIC NYAroCaArbons. poiychiorninaled divenzoturan. end
polychionnated gibenzodionin,

The litereture CONtaing 8 greal deal o informetion on the bulk Pyrolysis ang
combustion products of PCB substitules thet heve had wide use i INe elec.
tricity ingustry and othar ingustries. Exempise of such sutstitutes sre
spOxies. suifur haxetiuoride. silicons. phthaiste esters. methyleted dipheny!.
sthane. perchiorosthyiens, and polyvinyl chiorids. However, there 18 tittie
intormetion on tne trece procucts of concern. Litergture on DOth the bulk
&NG trace CoOmMDuUstion Products of some of the iees familiar episcement
COMPOUNGS i SPArss ANA. in SOMe CASES. nONeXistent, Eor sxampie.
rasearchiers ound no (NTOIMALON ON The MAtETaIS Qanersied durng hermal
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€PAI PERSPECTIVE

PROJECT

decomposition ot banzyineocaprate and aikyibiphenyls. The Study con.
cluded that lurther laboratory work is nesded o ientify adaitional 1race
melerists of the batter known PCB substitutes and both bulk and irace
products of the newer compounds.

Concern ovar the toxicity of PCBs has focused on both 1S bulk and trace
combustion products. To Durd a database 3 Sophisticated as that tor
PCHs. raseerchers Must DOrform intensive anaiyses of all potential sub-
stitutes. EPRI is currently conducting Iaboratory- stuglies 0 entargs the
present database. Four such studies afe project RP2028-11, which is fo.
cusing on the bulk pyrolysis and combustion products of several liguid
PCB substitutes, and projects RP2028-15, RP2028-18, and RP2028-17,
which are analyzing the bulk and trace products of 8 group ol liquid,
s0ild, and gasesous PCB substitutes. T

AP2026-12

EPRI Project Manager: Gil Aadis
Electrical Systems Division
Contractor: SCS Enginests. Inc.

For further information on EPRI research programs. call
EPRI Technical intormation Specialists (415) 855-2411.

MONS 215984



State-of-the-Art Review: Pyrolysis and
Combustion of PCB Substitutes

EL-4503 .
Rasearch Project 2028.12 -

Final Report. March 1986

Prepared oy

SCS ENGINEERS. INC.
4014 Long Beacn Boutevag
Long Beacn. Caldorma $0807

Princioal Investigators
J. v Zbozinek
J R Marsn
O Gutn
A Bonrnetyd

Prepareaq for

Eleciric Power Reseatch Institule
3412 Hilview Avenye
Palo Ao, Caitotria 94304 .

ERRI Proect Manager
G Adas MONS

Transmiggion Substalons Program
Electrizal Sysiems Division

215985



ORDERING INFORMATION e

Reguesis fOr copies Of 1Nis report sNOuIA be direcied o Researcn Reports Cenler

{RRC. Box 50490. Palo Alto, CA 94303, (415) 965-4081. There i3 nO Charge for reports
requesied by EPR| member utilities and affiliates. U.S. utiily associations, U.S, government
sgencies (fecerat, S1ate. and I0CAlI, media. and fOréign organmizations with which EPRI has an
information exchange agreemaent. On request. RRC will send a cetetog of EPR! reports;

< sbytgel A Eec € Ao Appgarcnntia g ng An LI RT TYTTY.

NOTICE

e rqner A28 CEDSO0 Gy T8 D IAMIERIONE TRET De v 33 BN ACCOWNL O 0N ACEHA0TRT TV T |3 113
Povg S4300rCn N1 g EPR Mimgr EF D1 mampgy 5 EPAL IR e S3N LN O EL S TR0 DHOW MO any
007507 BIUNG ON DERAIL GF 3Ny OL "M 184 MPnad Ay ¥ ICARIY 4o CIRSS OF MENGD & (™ "€5000! 10 ¢ use Of any
AIOOTEON SDDRAIVE METO0 O FOLEES TUCIONET 4 1% “ATOM 8 TR 12" L4e Ty POl P r 8 DivRtey
Swral QRS OF (DI SEELMEL J0V TIOHTEE MM 8 ERCIIC (M L300 UL JITASES 44L1UTT HOM (M ute of

By TIOONAHDN AODATEIVS TBINGG 2 D/OCEEE OiSCI0LR0 [ ImiS 200"

Pigpareg ov
SCS 2-Finasry 'INC

oG Snacn Ceuloimia HONS 21 5986



ABSTRACT

An  extensive lfterature sedrch was conducted to identify the combustion ang
pyrolysis by-products of several PCB substitutes. These compounds incluoeg
pnthalate esters, benzylneocaprate, Ssiioxanes, chlorinated benzenes, yJixylyl.
ethane, alkylbiphenyls, paraffinic hydrocarbens, perchioroetnylene, chleroflucro-
carbons, sulfur hexafluorice, epoxy resins, &nd polyvinyl chlorige, N informa-
tion was found on the thermal decomposition of Denzyineacaprate or the alkyib?-
pnenyls., Siloxanes decompose to stlica., cyclic siloxanes, &nd hydrocarpons of
relatively Jow toxicity, Paraffinic hydrocarbons cecompose into a3 series of
shorter hyarocarbon compounds. Epoxtes yield both alkyl and aryl hydrocarpons,
Sulfur hexafluoride yields a series of suifur and thiony! fluoride compounds ana
unigentified toxic PICs. The phthaléte esters proguce phthalic anhydride, napn.
thalene, ang biphenyl. Methylated diphenyiethane ana phenylxylylethane Gecompose
into a4 series of poliynuclesr aromatic hydrocarpons. Perchioroethylens produces
pradominantly hydrogen chioride and chloring snd sometimes phoigene,  Chioro-
fluprocardons yteld these compounds ana their fluorice sndlogs. Polyvinyl chio-
rige decomposes 1into phosyene, naphthalene, benens, and chliorinated benzenes.
Chiprinatea benzenes and possivly dutylatm monocnliorogiphenylether can produce
PCODs ang PCODFs.
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EXECUTIVE SUMMARY

Since 1976, the manufacture and commercial use of polychlorinated biphenyls
{PCBs) have begn restricted by law. Proposals have been made to remove existing
PCR-contatning transformers and capacitors from service, A numder of chemicals
have been and are being considered for use as PCB substitutes in electrical
appiications, Although all have bean tested for acceptable dielectric, heat

transfer, and flammaoility properties, few have been extensively analyzed for
compustion by-products.

PCBs were not restrictad for problems with their dielectric properties or heat
transfer capabilities, but rather for suspected toxicological properties that
were not considersd when PCBs were first commercially produced, These toxicolog-
ica! Proptrtios are attributed not only to the PCBS themselves, but alisc to the
presence of various toxic chlorinated aromitics in the by-products of PCB/askarel
fires, It s thus necessary to examine the chemical behavior of proposed PCH
substitutes to identify the potential for simiiar problems, The purpose of this
report was to comduct & state-of-the-art ltiterature review to determine what is

known regarding the chemical and toxicological nature of the combustion by-prod-
vcts of various PCB substitutes.

DATA ASSESSMENT

Until very recently, the major concern in any fire or explosion episode was fire-
fighter safety. As & result, tests nave focused almost exclusively on major
gaseous combustion products such as carbon monoxide, nyarogen cyanide, oxides of
nitrogen and sulfur, hydrogen chloride, and so forth, These are the inmediate

tife-threatening compustion products with which one must deal, and they are gen-
erally the simplest to detect and measure.

However, it has become evident in the aftermath of several PCHD incidents that tne
toxic trace combustion product problem i3 concernsd more about soot deposits tnan
the vapors formed. Trace products of incomplete combustion (PICs) are produces
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in gucn low tevels tnat vapor emissions dispersing 1n tne atmospnere rapidly
reacn inconsequential levels. These same PICs may concentrate in soot, however,
and soot provides a reservoir for continued emisstons or exposure 1ong after »
fire has been extinguished and the gases dispersed.

furthermore, analysis of soot or aven gas samples f_o'r trace PiCs at the levels
typically produced requires very Sopnisticated anaiytical instrumentation and
nighly trained specialists, Even then, complete (dentification of PICs in 4 par-
ticular sample may take years of work. As the level of sensitivity of Mn}tiul
instruments increases, even more toxic PICS may become evident, For instance.
continued research on PCB combustion Dy.products has identifisd not only chiori-
nated dioxins and dibenzofurans, but also polychlorinated chrysenes, pyrenes,
xantnenes, terphenyls, quaterphenyls, and others,

This level of research has been directed at PCR Decause of its negative publicity
and the perceived crises in regards to several PCB incidents, 0 such crises
exist for tne proposed PCB substitutes, As & result, with & very few exceptions,
comparable research has not been conducted into tneir PICs, As noted above,
existing data temd to focus on the matro combustion products present in the vapor
state rather than trace PICs in the soot. Consequently, thers is relatively
tittle data on trace PICs comparable to that on dioxins or dibentofurans, These
types of by-products simply heve not been identified and studied in most cases,

PROPOSED PCB SUBSTITUTES: LIQUIDS

Two types of esters, pnthalate esters and benzylneocaprate, have been considersg
as PCB substitutes, In general, pyrolysis of estars will produce gases similar
to and no more toxic than those obtaines from nydrocarcons. One major decomposi-
tton product is phthalic anhydrice which can react further to form napnthalene
and biphenyl. In the presence of chiorobenzenes, PCB and chlorinated naphthatene
may be produced,

Polydimethyl siloxane nas been widely used as & retrofill fiuig. buring thermal
decomposition, amorphous silica, several cyclic siloxanes, and a vartety of sim-
ple nydrocarbons are produced. Most of these compounds are not hignly toxic, ana

animal t{nnalation tests on pyrolyzes siloxanes have gensrally inoicated a low
toxicity,

MONS 215994
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Chlorobenzenes have generally not been considersd PCB substitutes as much as
saaitives to- PCBS and other dielectrics, Decomposition of cniorobenzenes can
produce & variety of highly toxic compounds., Pyrolysis of monochiorobenzene can
yield mono- and dichlorobiphenyls, chloro.naphthl-lcne;: u;d,-iiayl chloride, In the
presence of air, chlorobenzenes can produce chiorophgnols which can, in turn,
dimerize to PCOFs and PCODS. Many of these comobustion/pyrolysis products are
very highly toxic, B
Methylated aiphenylethane and phenylxylylethane are used as components in dielec-
tric fluis mixtures. M information was found on the combustion/pyrolysis prog-
ucts of either compound, but pyrolysis of chemically similar diphenyimethane and
lI,2=diphenylethane produces & number of polynuclear aromatic hydrocarbons, Few
of these are considersd to be highly toxic, but several are known or suspected
carcinogens.

There 15 no information available on the thermal decomposition products of buty-
lated monochiorodiphenylether, another PCB substitute, itowever, both the unsub-
stituted diphenyletner and poiychlorinated diphenylethers have been Studied,
Diphenylether can break down into phenol, benzens, and diventofuran, Polychlori-
nated diphenylether can produce PCOFS and PCOOs,

There ts also no information available on the thermal decomposition products of
the alky! piphenyls, specificaily isopropylbiphenyl and n-propy!biphenyt,

paraffinic hydrocarbons, such as polyaiphaclefin and RTEmp, tend to decompose
into & varfety of short-, medium-, and long-chain saturated and unsaturated

nydrocaroons. In the presence of air, organic acids, alcohols, and sldenydes are
formed,

Perchloroethylene 1S being promoted 43 a transformer fluid nest, mixed with min-
eral oil, or mixed with fluorocarbons, Chiorine or hydrogen chioride are the
principal decomposition products to be expected. Under certain conditions, phos-
gene or trichloroacetic acid may ve produced,

DIELECTRIC GASES
Chlorofluorocarbons are used as dielectrics both neat and mixed with perchloro-
ethylens, Although generatly tnermally stable, at nigh temperatures or during

MONS 215995
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arcing, decomposition {s possible, (Rlorine, nydrogen chloride, hydrogen fluo-
ride, phosgene, and carvonyl fluoride are among the by-progucts which can pe
expected, FPhoggene and carbonyl fluorige, in particular, are highly toxic,

Sulfur hexafluyoride can be used alone as & dielectric or- il:\-l mixture of gases,
It produces a number of longelived bysproducts under fire and arcing comditions,
The principal oy-product s thronyl fluoride; other products include sulfyry]
fluorige, thionyl tetrafiuoride, ana sulfur dioxige. Toxicity tests on” sparking
gises have yielded & higher toxicity than the gbove compounds would 1indicate.
Thus, there are one or more unidentified trace decomposition products which con-
tribute significantly to the toxicity of the decomposition gases.

PROPOSED PCB SUBSTITUTES: SOLIDS

Two S0lids were reviewsd: epoxy resins and polyvinyl chloride (PVC)., Complicat-
ing an assessment of their decomposition s the fact that neither is a pure com.
pound oOr eveh & mixture of & few discrete compounds. Rather, edch 1s a mixture
of resin, nardener, filler, and various other materials, many of which may have &
varisble composition, Thus, the decomposition products of these solids can vary
extensively, depending on the nature of the edditives.

Pyrolysis of epoxy resins can produce a variety of organic compounds 1ncluging
bentene, methy! chlorige, ethy! chlorige, acetone, propylene, ethane, pentane,
toluene, cresol, phenol, and others, Several of these are known or suspected
carcinogens,

Decomposition of PYC can yield benzene, toluene, xyiene, aliphatic hydrocar-
bons, pe-methylnaphthalens, severa! chlorinated denzenes, and pnosgene. Because
of the production of chlorinated benzenes, tne formation of PCDDs and PCOFs 15 a
gistinct possibility, although none have been identifisd in PVC pyrolysis qases
to date.

MONS 215996
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sectton 1 . _. -

INTRODUCT ION

BACKGROUND

The U.5. Congress passed the Toxic Suostances Control Act tn 1976. Under re-
guirements of the Act, the EPA 1ssued restrictions on the manufacture and commer -
cial use of polychlorinates bipnenyls {PCBs). PCB production in tne United
States was halted 1n 1977, and tne production of PCB-containing transformers ang
capacitors nas been ltmited since then; however, there was no order to take sSuch
units out of service. The servica life of these units {$ messured in tens of
years, so that the replacement rate is low {4bout 0,2% per year) (117). lowever,
should the EPA orger PCB-contdining units removed from service {FR 43(19B):39966.
319989, i1 October 1384, Proposed Rules), the need to find acceptadle I{CB substi-
tutes will become critical,

— L Y

3 are readily wallabie (32, §7). PCBs were
not restricted for problems with their dielectric properties or heat transfer
capabitities, rather for sugspected toxicoiogical properties not considersd tn
1929 when PCBs were first commercially produced (117). These toxicological prop-
erties are attributed not only to the PCBs themselves, but also to the presence
of polycniorinated dibenzodioxins (PCODs), polychlorinated dibenzofurans (PCDFs),
and otner cnlorinated gromatics in utility PCB fluids and in the Dy-products of
PCB/aswarel fires. It is thus necessiry to examine the chemical and toxicologi-
cal benavior of proposed PCH substitutes ang to identify potential problems for
esch alternative cnemical option for transformers and capacitors before its use
pecomes wicespresd.

Savargl postible subasd

-

OBJECTIVES

The avatiabie PCB substitutes are of widely variant chemical compesition., The
toxicology and environmental hazard evaluation of most of these.compounds has
peen reported {37}, The objective of this study is to review the state of the
art regarding the thermal degracation cnemistry of PCH substitutes, the formation

MONS 215997
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of hatardbus products of incompliete combustion (PICs) from these compounas, ard
the toxicity and environmental hazasrd of those PICs,

The liquid, yaseous, #nd solid dielectrics examined in this study are descrioed
below,

Liguigs ) )
. prthalic esters di-(2-ethylhexy!)-phtnatate ana aioctyiphthatate,
¢ Benzyl neccaprate. .

° Polydimetnylsitoxane.

. Chlorobenzenes.

) Butylated monochiorodiphenylether,
] Methylated diphenylethane,

® Pheny lxylylethane,

. [sopropylbiphenyl,

] Propyibiphenyl,

. Poly{l-octene),

. RTEmp,

[ Perchloroethylene.

. Freon 113,

[ Sulifur hexafiuoride,

¢ Epoxy resins,
[ Polyvinyl chioride.

The risk from exposure to these compounds i3 modified in this study Dy the
assumption that the hazard from the compounds studied occurs only when the com-
pound t$ in a transformer or capacitor which has fajled catastropnically {rup-
tured) due to internal arcing, which involves temperstures of up to 6UDD *C for
periods of less than a second, or due to snort«circuits which cause internal “hot
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spots,’ involving temperatures of up to 250 *C For a few minutes before evolution
of gas from the fluid ruptures the transformer case, or wntch nas sufferes fluig
loss as a resyit of an external fire (15, 71). Aay umit which completes its ser-
vice life without losing fluid to the envirponment is consigerse ’tbqui'e no hazara
{n the context of this study. Such units may pose a disposal proolem; tnis gif-
ficuity 1s not considerea here. '

REPORT ORGANIZATION L
Section 2 of this report aiscusses proper assessment of the data. Sections 1, 4,

and 5 cover the thermal degredation of the iiquid, gaseous, and solid dielaec-
trics. respectively, and the toxicology of their PICs.

MONS 215999
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Section 2
DATA ASSESSMENT

INTRODUCT 10N -

If comparative toxicologic actton of the combustion products of seversl materialsg
s to be used, even in part, 4s & method of preferential selection, availaple
information must inciude:

» The nature and amount of the toxicoloqic agents gensrated when the

materials undergo combustion or pyrolysis under specified decomposi-
tion conditions,

) The dose-response characteristics of these agents,

» The sdditive, antagonistic, or synergistic stress from the products
gensrated by the degraation (72).

The availabie uti for each of the above criteria are highly variable, in terms
of both quantity and quality, Some chemicals have been studisd extensively,K soms

not at all. Before adressing the specific data for each PCB substitute, it is
necessary to examing the types of data available and their limitations.

COMBUSTION/ PYROLYS IS CHEMISTRY

The 1desl way to identify the expected tnerma! degredation products of a given
supstance 1s to combust or pyrolyze it under conditions nearly identical to those
whicn might be encountersd in the field, yet in & tigntly controlled environment,
foliowed Dy a full-spectrum analysis of the vapors and $oot produced, This 1i;
virtually impossible to do for a vartety of reasons, not the least of which is
the cost of such expariments, In general, avatlabie data are based on laboratory
tests a1 incomplete anaiyses,

Part of the problem is that, unti} very recently, the major concern in any fire
or exploston episode was firefighter safety. As & resuit, tests have focused
aimost exclustively on major Qastous combustion products Such as c_arbon mnoxide,
hyarogen Cyanide, oxtdes of nitrogen and sulfur, hyorogen chicride, and se forth,

MONS 216000
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These are the immagiate }ife-threatening combustion products with which one must
dedl, and tney' are generally the simplest to detect and measure,

However, it has become evident in the afternath of swcul_-i’c—ﬂ_ir—\cid"cnu that the
toxic trace combustion product problem is concerned more abOut sSoot deposits than
the vapors formed, This 13 not to suggest that a compound like 8 dioxin 1s less
toxic in the vapor state. |lowever, trace PICs are produced in Such low levels
that vapor emissions dispersing in the atmosphere rapidly reach inconsequential
levels, These same PICs may concentrate in soot, however, and 300t provides &
reservotir for continued emissions or exposure long after & fire has been extine
quished and the Qases dispersed.

Furthermore, analysis of soot or even gas sampies for trace PICs at the ievels
typically produced requires very sophisticated analytical instrumentation ang
highty trained speclalists. Even then, complete igentification of PICS in a par-
ticular sample may take -yurs of work, As the level of sensitivity of analytical
instruments increases, even more toxic PICs may become evident. For instance,
continued research on PCB combustion by-products has identifted not oniy chlort-
nated dioxins ama dibenzofurans, out also polychlorinated chrysenes, pyrenes,
xanthenes, terphenyls, quaterphenyls, and others (113).

This leve) of research has been directed at PCB because of 1ts negative publicity
and the perceived crises in reqgarcs to Several PCB incioents, Mo Such crises
exist for the proposed PCB substitutes. As & result, with a very few exceptions,
comparable research has not been conaucted into their PICS. As noted above,
existing datas tend to focus on the mscro combustion products present in the vapor
state rather than trace PICs in the soot. Consaquently, there is relatively
itttla data on tréce PICS comparable to that on dioxins or dibenzofurans, These
types of by-products simply have not been fdenttfied and studied 1n most cases.

A major fraction of the avallable cata was not generated with a view toward utile
ity aielectric applications., Experimental conditions were not designed to match
a transformer fatlure of similar occurrence. The fact that a particular dilelec-
tric cén, in a laboratdry, pyrolyze or combust to a dioxin or dibenzofursn does
not, in itself, indicate that & simtlar reaction will occur in an sctual inci-
dent, The experimental temperadtures to which the atelectric was expossa and the
residence time at those tamperatyres, must bDe compared to the conditions expected

to occur during normal operation of a4 transformer or capacitor and during cata-
strophic fatlure of Such & unit.
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it 1s not the purpose of this report to speculate on potential PICs, Rather, the
gbjective is to report the state-of-the-art, [n Some cases, where there 15 lit-
tie compustion data on a particular compound, there are more data on a structure
ally anaiogous compound, Such data are iTncluded as guidelines - fer —any future
research, although even .ery closely analogous compounds may not behave igenti-
cally.

TOXICITY AND EXPOSURE LIMITS

There is no single, universaily accepted standard for expressing chemical toxi-
cities: rather, there is a series of terms depending on the nature of the data
and how 1t was obtained, Lethal aose, lethal concentration, toxic dose, ang
threshold 1imit value are examples of the types of toxicity data available. Fur-
thermore, within each type there may be variations to describe the lowast re-
cordes vaiue or the value at which & certain percent of a test population died or
showsd wverse redctions, The data may oe expressed in terms of liquid concen-
tratton, atmospheric concentration, or concentration per unit body weight, often
with a time factor included,  Finally, the data are generally igentifjed Dy the
types of organism from which they were obtained, either human, rat, mouse, guines
pig, or other animal,

These different types of data are frequently wunrelatadie. High oral toxicity,
for instance, may or may not accompany an equally high tnhalation or dermal toxi-
city. Toxic dose, letnal dose, and threshold 1imit value express three different
types of data which, even within the same antmal spectes, may be unrelated for a
particular cnemical, Finally, due to morphological differences, extrapolation
from anitmal toxicities to human may not be possible (22, 68),

Unfortunately, every particular type of cata is not avatladble for every chemical.
This can make toxicity assessment and comparison a difficult task, There is no
wiy to take an oral TC, . for rats and 2 dermil LDgg for quinea pigs, and project
an inhalation TLY for humans, Consequently, 1t 18 necessary to estaclish a few
quidelines to the application of the datd to be presented later in this report.

In generdl, this report tries to present inhalation or dermal toxicity data for
humans, wherever Such were available. As they frequently are not avatlavle,
inhalation data for rats, oral aate for humans or rats, or inmalation or orai
data for other animals were used, in the adove order of preferente., Some attempt
wis made to quaiitatively assess the cata,
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It 1s also recognized that discrete toxicity aata vaiues presented in isglation
propably mean 1ittle to most resders. Sax (39%) attempted to describe toxicity
data 4s follows: _ )

8 High toxicity: LDSO < 00 mg/kyg.

* Moderate toxicity: LDSO 500 to 7,500 mg/ky,
»  Low toxicity: LDgg 7,500 to 15,000 mo/kg. -
] o toxfcity: Ll)50 > 15,000 mg/kq.

These are qeneral descriptions and are not to be relied upon dogmatically, For
{nstance, synergistic effects {to be discussed below) are overiooked entirely,

Table 2-1 presents toxicity data for several common or well-known toxicants.
Data comparable to thiat presented eisewhere in this report are presented in order
to provide & general basis for comparison with PCB substitute dy-products.

SYMERG [5M

The toxicity data, as presented {n this report, are spectfic for ingfvidual com-
pounds. In a fire or catastrophic failure situation, & vartety of compoynds will
be produced, Depending on the nature of tThe toxfc effects, a mixture of two
equatiy toxic compounds may be twice a8 toxic s either compound alone, On the
other hand, ff the action of the two compounds is sufffciently different, there
may be Jittie evidence of this “adaitive” effect. Furthermore, there 1S & poten-
tial for synergistic effects wheraby & mixture of two toxic chemicals is far more
toxtC than the sum of the individual toxicities, These questions generaliy have
not been studied in regard to PCB substitute thermdl by-products; consequentiy,
t1ttle data relating to comdined toxicities or synergisms are presented, The
potential for such shouid not be overiooked, however,
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tthanol
Hydroyen
Cranide
T
Hydrogen
Sulfide

Carbon
Moncx ide

2,3,1.8-telra-
chlorpdibenzo-
p-dioxin

Benzene

r

TUXICITY AN EXPUSURE L IMITS DATA OF COMMUN TUXICAMS (8))

Table 2-)

Loy LDsq L0y L) L0 %o LC g
(inl-rat) forl-rat) (orl-mus) (orl-mm) (orl-hum) {inl-hum) {ihl-hum) TLV-IWA STEL
20,000 7800 1430 2000 1000
ppm/ 10K ug/ky ug/ky ay/kg Ppm
484 ppo/ 570 120 mg/ad 10 pom
Sh ug/ky 14 (TLv-CL)
"3 134 b og/nd 3 my/md
8g/kg oy /ky
444 pom U0 ppm/ 2 ppm
oM+
1807 ppm/ 650 pps/  AUOU ppm/ S0 ppm A0 ppm
44 45M 3um
22.% 114
ug/ky ug/ig ,
10,000 A94 120 100 pps 20,000 16 ppa 25 ppm
ppe/ TH 8g/ky ag/kg ppm/5M .

See Glossary for detinitions of abbreviations (Appendix A).

“N - tours.
M = Minutes.
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Section 3 ) -

PROPOSED PCB SUBSTITUTES: LIQUIS ~

[NTRODUCT [ON

The 1igutd PCB suostitutes can De divided into the following groups based on
their chemical structyres:

* Esters:

--Pnthalic acid esters (di-2-ethylhexyl phthalate and gioctyi-
phthalate].

--Benzylneocaprate,

[ Siloxanes:
-spolydimethylsiioxane.

(] Aromatics:
«=Chlorobenzenes {mono-, tri-, and tetra-chioropenzene),
«-Butylates monochtorodiprenylether,
~-Methytated diphenylethane and dixylylethane,
--[sopropytbiphenyl,
«+Propylbipnenyl,

[ Paraffinic hyarocarbons:
--Poly {l-octene),
--RTEmp,

. Perchloroethylene.

ESTERS

in general, pyrolysis of esters unger high tnermal and disruptive charge cond!-
tions will produce gases similar to tnose obtaines from the hydrocarbons. The
presence of oxygen in the molecule resuits in the formation of higher levels of
carbon oxide Qases. The products of disruptive discharge and the volume of gas
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produced par joule of energy dissipated are reported to D@ less than those pro-
duced from min‘e'rn oils, askarels, and silicones. The deposit formes is aisg
lets carbonacecus, and thus causes less switch contact fou'll_.ng.‘ _The prodgutts of:
decomposition are reported to be no more toxic than thon‘nroduceu*b; hyarocar«
pons (119). The structure of the ester molacule greatly {nfluences thermal sta-
bility, The stabiiity 1s qreatly improved by the absence of hydroyeh atoms on

the carbon in the B8-posttion to the nydroxyl 4nd carponyl group of the sicchol
and acid components, respectively,

Phthalic Acld Estaers

General. Of-{2-ethylnexyl)-phthalate (Figure 3-1) was marketea in the Unites
States by General Electric under the trage name of Olelektrol [[, which is a mixa-
ture of di-{2-athythexyl)-phtnalate, 1,2, 4-trichlorovenzens, and small amounts of
1,2.3-trichlorcbenzene, It fs also sold in Japan under the trade nime Selectro!
I TrlcnIorbnonzeno wis added to raise the corona extinction veltage {35).
Chemical and physical properties of these two compounds are shown in Table -1,

Téble 3-]
AL AND PMYSICAL CMARACTERISTICS OF SELECTED PHTHALATE ESTERS (97)

CHEM IC

Di-{2-athylhexyl)~

phthalate dioctytphthalate
Molecular wWetgnt 390.56 390. 6
Melting Point -55 *C {-67 °F) =25 *C (-13 °F)
dotling Point 231 *C (448 °F) 220 °C (428 °F)

at 5 mm Hy it 4 My

Flash Point 218 *C (420 °F)
Ignition Temperature 380 °C (735 °F)
Specific Gravity 0.978
Vapor Pressure 1.32 mm g {200 °C) <0.2 mm Mg
viscosity ' 81 cps {20 *C)

Thermal Decomposition of Phthalic Esters,

Phthalate esters are most widely used
at plasticizers 4n vartous plastics such a3 polyvinyl chlorige. Consequentiy,
most of the detefled decomposition data relates to decomposition in glastics
under high-temperature processing conditfons with a view toward the fmpact on tne
stabiiity of the plastic. The degree to which these data apply to neat phthalate
estears Or Phtl‘lﬂlt! OStOFICHIOI‘onn!.nl mixtures 135 unknown,

MONS 216006
322



?1 ICHzqu B e
C :c -0 -cnz -cn-r—(crezhr—-cnr -

¢ =0 —CHZ -CH - (CHZ) —CM3 )

3 | 3 S

0 CHoCH,y

di «(Z-athyihexy))-phthalate

0

! -

‘//\\\( -0 —(CH2)7 Cl-i3
QI
%-D—(Cﬂz) 7—'CHJ

0

digctyliphthalate

Figure 3-1. Phthalate Esters
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Tabie 1.2 presents some of the degradation products of af-(2-etnyinexyl)-pnthai-
ate ana gioctylphtnaiate and the effects of temperature On the thermal decomposi-
tion of these esters. [t should De noted that tnese are not trace PlCs, ‘the
smallest weight percent shown is 0,i, whicn {s equivalent to 1000 ppm, to
attempt was mede to igentify any PICS present in the ppb to few=-ppm range, This
same type of analytical procedure, used on askareis, would fail to detect dioxins
or dibenzofurans. 10 data were found on the decomposttion of either sster at
higher temperatures.

The thermai decomposition of these compounds 15 belifeved tO procesd vis a £ls-
elimination that takes place according to a twoestep mechanism, In the firse
step, &4 six-member intermediate 13 formea from tne abstraction of the S-carbon in
the side chain by the carbonyl oxygen, The second step, which s reqarded as
therate-getermining step, invoives carpon-oxygen cleavage from the intermeatate
with a Jecarbon radical (47).

(u:),-ﬁl)
- . .
g E eCnpeliy S TN T ™ [Chy) oM
i.o¢ ) ¢ g ER!
@ \‘-6/ “' —— @ g H i— @ * . Ecﬂﬂ!.{u)( - ,
~" 1 Il | i | 5

Phthalic anhydride, & major decomposition product of botn ci-{2-ethylhexyi).
phthalate and o-dioctylphthalate, can pyrolyze to produce tne highly reactive
intermedtate benzyne {or dehydrobenlene).

[}
1
LN
:/o——-—-— | * K0y + CO (3_2)
i
[
Mthatic Amyaride Santym

In the presence of an excess of benzene. phthalic anhydride reacts to form naph.
thatene and biphenyl (B). The major pathway to bipnhenyl is probadly by overall
insertion of benzyne into 4 C-H bond of Denzene; and naphthalene is formed by
either 2+2 or 2¢4 cyclo adition of benzyne to venzene, followss by elimtnattion
of acetylens.
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Table 3.2

EFHECT UF REACTIUN TEMPERATURE ON THE THERMAL DECOMPOS |TIOM
U SELECTED PHTMALATE ESTERS (47, 88)

D1-(2-ETHYL HEXYL ) -PHTHALATE
Compositton of Decompositton Products, wtl, at:

Component 250°¢C  280°C 300°C 360°C 3BO°C 400°C 420°C 450°C 4MO°C  5U0°C
2-ethyl -1-hexene 0.1 0.1 0.2 1.5 33 8.9 19.5 41.9 5.0 52.0
2-ethylhexanal 0.9 0.3 0.6 0.7 0.9 0.3 0.2 0,1 0.2 U1
2-ethyl -1-hexanol - - 0.1 0.1 u.6 J.2 2.2 18,5 355 314
Prthal t¢ anhydride 0.5 0.2 0.2 0.2 0.8 4.2 7.5 L4 105 18.]
Methyl, 2-ethyihexylphthalates 0.3 0.1 0.1 L7 4.2 1.1 8.1 1.2 9.6 Ul
Di-(2-ethylhexyl)-phthalate 4.7 99,3 99.2 958 9.2 16,3 55.9 24.8 6.7 0.1
DIUCTYt PHTHALATE
Composition of Decomposition Products, wif, at:

Component 250°C 280°C  308°C 320°C 340°C 3%0°C 360°C 380°C 400°C 420°C 450°C 480°C  S00°C
l-octene 0.4 0.3 0,2 0.5 1.7 2.1 2.0 5.2 8.4 0.3 ’43 9 0.4 5/.2
Octanat - - - 0.1 0.4 - 0.4 0.1 u.l - - -
l-actenocl 0.4 D.5 0.4 0,4 0.5 0.5 0.6 1.0 3.4 10.0 22. l 24.5% 22,6
Pnthalic anhydride 01 0.1 0.l - - 0.2 - 0.5 30 6.1 4.3 4.5 48
Methyl, octylphthalate* 0.3 4wl 0.5 o 2.5 1.3 3.2 4.0 s.¢ 9.4 ‘8.8 4.9 9.8
Dimetnylphthal ate* - Wl v 1 a.l 0.1 0.1 0.1 0.1 0l 0.4 0.6 0.2 0.1
Oiactylphtnal ate 99.8 94.7 94.6 984 94,7 957 93.} 9.1 1.9 536 2uvi4 1.4 1.6

|

'r.oq;onents of low heat stability were converted to methyl esters for enalysis. The actual decomposition products
were 2-ethylhexylphthalate (methyl, 2-ethylhexyiphthalate), octyl phthalate (methyl, octylphthalate), and phthalic
acid (dimethy| phthalate).
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Since the oielectric flulas Ofetectrol [l and Selectrol [ also contain substan.
tial amounts of chlorobanzenes. 1t {5 conceivadle that these reactions may occur,
possidly producing PCB and chlorinated naphthalene,

Decomposition tests on PYC plastics containing phthalic acid esters have yielaed
basically the same products, although some are chlorinated, Apparantly K1, pro.
duced from the PVC, reacts with some of the ester decomposition products to give
chlorinated species (B8}, The same typs of Cl. sgdition reaction is' conceivanle
in the presence of chlorobenzenes.

Toxicity and Exposura Limits of Oecomposition Products, Toxicity and exposure
limits data for di-(2-ethylhexyl)-pnthalate, dioctylphthalate, and their identyi-
fied PICs are shown in Table 3-3, This tadle does not include the chlorinated
compounis mentioned above, as none of these PICs has actually been identifiea,

In gensral, the identifisd PICS appear to have the same degred of low to mocerate
toxicity as their precursors, |lowevar, an assessmant of the toxicities is aiffi.
cult, as all of the available data relate to animals, and, 1n most cases, inhala-
tion data are not provided, [t s stil] worth noting the low TLV for phthalic
anhyarige (TLY-TWA = 1 ppm), Phthalic annhyoride is a pyrolysis product of both
2-{diethyinexyi}-phthalate and dloctylpnthalata, and is formed 1in consideradla
guantities at the higher temperatures.
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Table 3-3

TOXICITY AN} EXPOSURE L IMITS OF OI-(Z-UHYU‘[“U-PNIHLAIE. U-DIOCTYLPHTMALATE, AND THe IR PICs '(43)*

U:Lﬂ Lom leu "',I.O LDSU lﬂw
{inl-rat} {inl-mus} (inl-mus) ({orl-msn} (orl-rat} (orl-mus) TLY-TWA STEL
di-(2-ethylhexyl- 143 mg/kg 31 mg/kg 5 mg/e> 10 my/a’
phthalate
dioctylphtnalate 5000 mg/m> 6513 mg/kg
phthalic anhydride 4020 mg/kg 2 gm/ky 1 ppm 4 ppm

Z-ethyi-1-hexene 4000 ppm/alt 100 mg/kyg

Z-ethyl -1-hexanol 2460 mg/kg
1-actanol 1790 my/ky
phthalic acid 7900 mg/kg

"M data were available for |-ethylhexyl phthalate, benzyne, octyl phthalate, or l-octene,
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EenzylneOcaprata

General, There fs little publishes irformation avarlable on benzylneocaprate,
It mas been marketed by Asea of Sweden as Farsgo! 100, byt "the manufecturers have
recently aiscontinued progduction, The only data founo on the chemical ana physi -

cal characteristics of this compound are 1ts molacular waight (262) amd vapor
pressure (0.0003 mm Mg at 25 *C). .

0
L]
@-cu! -0 (o (CHylg — g

Senlyiasateprats

Tharmal Oecomposition of Benzylneocaprate. Mo f{nformation was availadle on the
thermal degraddtion of benzylnsocaprate. Benzylneocaprate would be expected to
be thermally very stable. The ¢is-elimination reaction with the six-memoersd
transition ring, by which the phthalic esters decompase, would not be expected to
otcur. The lack of hydrogen atoms available for aostraction from the f-carbon
results in a “hindered” f-carbon, The degradation of such esters presumably fol.

lows a free redical mechanism which requires high energy levels, and tharefors
high thermal degredation temperatures (119).

S ILOXANES

Genera)

The principal siloxane used as a transformer insulating 1iquid is polyaimethyl-
siloxane (PDMS),

) oy
|

cu’ - - [ {5
I I

CHy tHy

Moipgtanthyis) losane
PONS i1s produced commercially by Dow Corning as DCS561 and 0C200, General Electric

as SF97, Unfon Carbide as L30S, ana SWS Silicona as F101 ang F190. Teple 3-4
lists the important properties of a typical POMS transformer fluig.
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Table 3-4

CHEMICAL AND PHYS ICAL CHARACTERI[STICS
OF A TYPICAL PDMS TRANSFORMER FLUID (119}

Molecular wWeight 2826

Soi1ling Point 250 *C

Fire Point 360 °C -
Flasn Point . 30¢°C -
Spectfic Gravity ] 0.961 at 25 °C

thermal Decomposition of POMS T

POMS begins to thermally decompose at 200 °C., The thermal degradation ocCcurs
rapigiy at 300 °C with a brearing of the 51-0 bond and formation of lower mole-
cular weight compounds such as tri. and tetracycltc siloxanes (03 and D,. respec-
tivaly) (Flgure 3-2} (119). These are volatile, low flash point materials that
voll at 150 %o 170 *C. Thair presence 1n excess of 2.5% reduces the flash point
of the silicone liguid to that of a similar viscosity mineral oil. In agdition
to the cross-linked volatiles, both gaseous and solid (i.e., amorphous silica)
decomposition products are found.

Silicone transformer liquids, after being aged for 4 hours at 350 °C, have oeen
found to generate several cyclic siloxanes, notably D3, Dy, Og, and Dg {in tnat
order, Guantitativeiy] {118}, Thess

ime compoundt ran pe producet &1 lOwer tem-
peratures f the thermal aging process is extended. for instance, S montns at 240

*C. wWith increasing time, the rate of formation of D, begins to exceed that of
D5 at the lower temperatures.

In Oné expariment, POMS was pyrolyzed ovar the temperature range of 600 to 1200
*C; a rapid temperaturs rise {60 *C/msec) and a residence time of 20 sec were
used (61). The following decomposition products and tendencies were observed:

. 600 to 800 °C - Predominantly cyclic siloxanes aristng from stloxanas
rearrangemant.  Tha relativa amount of cyclic siloxanes decreased
ragulariy witn increasing molecular weight, with tne exception of a
greatar awundance of Oy cOmpared to Dg 4t temperatures below 300 °C,

. 800 to 900 °C - Compared to the lowast temperature rangs testad,
total volatiTas incrassed and tne relative fraction of nign-volatil-
1ty material increased. Metnana 4nd Nydrogen were tna major COMpo-
nants of tne high-volatility fraction; C, nydrocarbons (CgHa, Cohy,
CZ"G) nave also Daen idantified,
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Figure 3-2. Typical PDMS Pyrolysis Products
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] 900 to 1200 *C - A number of trace components appear at 900 *C and
bacome mora 4pDundant at nigher temperatures, The {dentifies trace
compounds incluge tnose shown in Figure 3-2. They appeared to arise
via C-H ang 51-C bond cleavage, and contatin silyihyarige, §%imethy.
lene, and monomethy) siloxane structures.

N 1200 °C - At this tamparature, tha _nigh-volatiiity frlct;én'
accountad for tne majority of the volatiles. :

In tha absence of oxygen and under arcing conditions, a variety of hydrocarbons
can be produced, including methans, setylene, ethylene, ethine, and propylene
(21, 61, 112). Tnermal oxidation of POMS lasds to the formstion of paraformalde-
hyde and formic acid. as well as carbon oxidas (17),

Thermal degredation is catalyzed by trace impurities of materials such es water,
metals, and ionic compounds. The menufeCture of the siloxenes, via an organic
chlgride with tha production of hydrogen chloride, introduces the possibility of
thiorine contamination, although chloring concentrations probabliy do not excesd 1
pom (118},

Joxicity and Exposure Limits of PDMS Oacomposition Products

There are no availabla data on the toxicities of the various cyclic and cross-
linked organcsiloxanss (Figura 3.2) formed during PDMS decomposition. Of tha
organi¢ compounds produced, only formaidenyde and formic acid are perticylarly
toxic, and neithar is considersd highly toxic (formaldahyde LOSO (rat-orl) - 80O
my/kg; formic acia LDg (reat-orl) - 1100 mg/kg)}, Both are irritants, and formic
4ctd can be dengerously caustic to the skin (9}, Both are liquids at embient
temperatures, and may therefore be found in tha Scot as contaminants on surfaces
following a fire,

The silice produced is amorphous. Crystalline silica 1s & known cause of sili.
cosis, and is considered to be far more toxi¢c than tha amorphous form, The TLY
for crystalline silice (cristovalite, 0.0% mg/mz) is several orders of magnituda
lowsr than that of amorphous silica (precipitated silica, 5 mg/m3} for respirable

dust, Silicon cerbide, formed under arcing conditions, is considersd to be a
mild trritant when inhaled,

Tha toxicity of the pyrolysis gas of POMS (Oow Corning 561 silicona transformer

11quid}) was evaluated using 4 method devalopsd by Hiledo, where rats are sub-
Jectesd to inhalation of tha pyrolyzed compound (44), The toxicity of POMS was
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Molecular Weight
Melting Point
Boiling Point
Flash Point

Vapor Pressure

Specific Gravity

Table 3-5

CHEMICAL ANM) PHYSICAL PROPERTIES OF SELECTED CHLORIMATED BEMZEMES (97)

Trichloro Tetrachlaro

Mono-

Chloro 1,2,3 1,24 1,3,5 ,2,3,4 1,2,3,5 1,2,4,5
112. 56 181, 45 181, 45 181, 45 215.¢ _2I.‘:.9 215.9
45,2 *C 16,95 °C 63.5 °C 52.6 *C 47.5 *C 54,5 °C 140 °C
132 * 213°c  208.5°C . 221°C 254 °C 246 °C 243 °C

29 °C 11u *C 107 *C 113 “C Nt 1] 15% *C
8.8mm iy 1 wm 1y 10 mm Iy 1 mm Ml M <0.1 »m Hg
® 20 *C @384 °C @78° @ 40 °C 825 °C

1.1 1. 446 1] 1. 69 L] L1} |.858

.hl z My information,
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comparea to that of another t‘rlnsformer 11quid, & paraffinic hydrocardon. Under
the specific test conditions, the toxicity of the pyrolysts gas from POMS was
found To Oe 1e55 than that of the paraffinic hyarocaroon. The stlicone trans-
former 1iquid was among the least toxic of over 270 substances tested by Hilado
ynder the same conditions,

ARCMATICS
Chlorobenzenes

ggne[‘.], Chlorobenzanes generally were not used {ircdependently as dielectric
flulgs. Rather, they were mixed with other fluids (e.g., di-(2-ethylhexyl}.
phthalate or PCBs) to lower pour points, The principal chlorobenzenes used are
the tri- and tetra- congeners. Thase compounds typically make up about 30% of
dietectric flyid mixture. Figure 3-3 shows the different tri- and tetrachloro-
penzene isomers possible, Monocnlorobenzene has also been considersd for use in
dietectric flyids, Table 3-5 1ists some of the chemical and physical properties
of these chlorinated benZene COmpOunds,

Thermal Decomposition of Chlorobanzenes. The chlorobenzenes are relatively ther-
mally stabie compounds. Table 3-6 lists the temparatures for the onset of ther-
ma] decomposition and 99% decomposition for some of the compounds.

Table 3-6
CHLORDBENZENE DECOMPOSITION TEMPERATURES

Onset *C 99% Oecomposition *(
Monochiorobenzene 540 110
1,2,3=-trichiorobenzene 645 180
1,2,4-trtchlorobanzens 640 750
1,2,3,4-tetrachlorobanzens 660 800
1,2,3,5-tetrachiorobanzene 655 160

As with other chlorinated organic compounds, the major combustion/pyrolysis prod-
ucts are K1, hydrogen and metnane (no air), #nd carbon oxides (fn air).  How=
ever, consigerable research has veen focused on the trace PICS produced,
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Figure 3-3. Chlorinated 8enzene Compounds Used in Dielectric Fluids
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Monochloronenzene, pyrolyzes at 630 °C for 24 sec, can produce chlorobiphenyls,
gichlorobiphenyls, napnthalene, and chioronapnthnalenes (19). At 770 to 800 °C
ang B850 to 830-°C., the following reaction has been coserved:

ct ’ \
O—wveelD-O o

N jar Proawcts DIk lorae i prany |

Between B850 ana 88U *C, yields of HCl, hydrogen, methane, and chlorinated oiphe-
nyl decrease, but consideraie quantities of vinyl chloride (CHy = CHC1) are pro-
duced,

Pyrolysis of chlorobenzenes in the presence of gir yields c¢hlorophenals which
can, in turn, gimerize to PCOFs ang PCDDs (17, 27, 113). The degres of chiori-
natfon in the chlorophenols tends to be the same or higher than that of the par-

'Ont ¢chlorobenzens (E). In other words, monochlorobenzens will produce mono-,

di-, or tricnloropnenols; trichiorobentene will produce tri-, tetré=, ang penta-
chloropnenols,

Buser (16) pyrolyled tri-, tetra=-, and pentacniorobenzenes at 620 °C in sedled
quartz mini.ampul @s in the presence of air, The pyrotysis gases included higher
chiorinated bentenes, chlorophenols, PCOFs, PCODs, and, in some cases, polychlo-
rinsted napnthalenes, polycnlorinated styrenes, and small quantities of P(Bs,

Potychlorinated o iphenyl ethers ang polychlorinated biphenylenes were identified
in other experimants (17, 113},

Table 3.7 lists tne quantities of PCOFs and PCDOs produced. The known toxic com-
pounds .(those with chlorine atoms in the 2, 3, 7, and B poOsitions) were identi-

fied, but these were not major components, In gengral, the degree of chlorina-
tion in the PCOD/ PCOF product seems to follow the pattern below,

»cor
PIQ) o
@ o £, ¢,
o
. 2o % 0 o0
@o@ {3-8)
e, o, B

whare & 4y 2B
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Following this pattern, & monocnlorobanzene would not qenerdlly produce higner
than & dichloroaibenzoafoxin or dichlorodaibenzofuran, Trt- or tetrachloroben-
zenes could ‘produce up to hexa- and octa- {somers, respectively {see Table 3-.7),
Figure 3-8 summarizes the various chlorobenzene resctions qis_cyssu_lbove. -

Table 3-7

FORMATION OF PCOFs AND PCOOs FROM THE PYROLYSIS
OF CHLOROBENZENES AT 620 *C (16)

PCDFs (ppm}
Parent Compound Tatra- Penta- Hex d- Hepta- Octa-
Trichlorobenzens 2000 5500 2750 250 <2§
Tetrachlorobenzens <10 25 800 2250 1000
PCODs (ppm)
Trichlorobenzene 150 100 <25 <25 <25
Tetracniorobenzens <10 25 700 800 150

Toxicity of Chlorobenzene Decomposition Products. Mamy of the combustion/pyroly-
sis products of the chlorobenlenes are very highly toxic (Table 3-8), It is gen-
erdlly believed that, on & molecular basis, 2,3,7,8-tetrachigroaibenzodioxin s
the most toxic synthetic molecuie known to man. Although an fidentifies chloro-
benzene PIC, 2,3,7,8-TCOD has not been found except in trace quantities. ‘towe
ever, the other PICs, while less toxic than 2,3,7,8-TCDO, are siso very toxic,

In general, tomicity seams to be relates to chlorine content and position, C(Chlo-
rinsted &romstics with three or fewer chlorine atoms tend to be significantly
1ess toxic tham higher chlorinated congeners. Thus, PICs from monochlorobentens
would protanly be less toxic than those from tri- or tetrachlorobenzens, Mow-
wer, they are sti1] moderately to highly toxic &3 discrete compourds. The com-
bines toxic effects could be synergistic and greater, or possibly &ntagonistic
and Tess. A further problem with these PICs 1s that, with the exception of vinyl
chloride, a1l are solids or liquids at norms) ambient temperstures, -Thus, they
tend to be found 43 surficial contaminants with soot in the aftermsth of a fire.
The soot provides 2 reservoir for continued exposure unless completely removad.
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Table 3-8

TOXICITIES AND EXPOSURE L IMIETS OF CHLOROBENZENE

COMBUSTION/PYROLYS IS PRODUCTS (831

Chlorophenols

m-chiogrophenat
o=chlorophenol
p=chlorophenc)

2,8d ichiorophenol
2.,6=dichioropnencl
2.4,5-tricnloropheno!
2,4,6-tricnhiorophenol
2,1,4,6-tetrachlorophenc]

Japhthalenes
Mapnthalene
l.chlioronapnthalene
2-chloronaphthélens
trichioronaphthalens
tetrachigrenaphtnalene
pentachloronaphthalene
octachloronspnthal ene

Dloxing

2,3,7«tricnlorodibenzodioxin
2,3,7,8=tetrachiorodibenzod foxin

1,2,3,6,7,8=hexacnlorodibenzodioxin
1,2,3,4,7,8-hexachlorodibenzod foxin

H1ltllr'! Of 1.2.3.1 3.9- and
1,2,3,6,7,8<hexachlorod ibenzodioxins

2,3,7,8-tetracniorodibenzofuran

Vinyl chioride

Lojg, orl-rgt
870 mg/kg -
670 mg/kg
261 mg/kg
S80 mg/kg
2940 mg/kg
B20 mg/kg
820 mg/kg
140 mg/xg
1780 mg/kg TLY=TWA 10 ppm
1540 mg/kg
2078 mg/ kg
TLY-TWA 5 mg/m3
TLV.TWA 2 ma/m?
TLY-TWA 500 ug/m3
TLV.TWA 100 ug/m3
29. 4 mg/xg (LDgg, orl-gpg}
22. % ug/ky
0.5 vg/kg {LDgq, ori-gpg)
1250 vg/kg (LDgqgs orlemus)
825 ug/kg {LOgq, Orlemus)
800 ug/kg

5 ug/kg

$00 mg/kg

3-18
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Methylated Diphenylethane and Prenyixylylethane

General, Tne chemically simitar methylated dipnenyletnane (1,1-dizyiylethane)
ana phenylxylylethane (sae below) are used as components tn dielectric flyld mix-
tures, Edisol Il, manufactured by McGraw Edison, 1s a mixture of the 1,l-bis
{3,4-dimethyipnenyl} ethane and propyldiphenyl, _Phenylxylytethane is founa in
Dielextrol I11 {General £lectric), Setectrol-1ll (Sangamo), amo SAS-Z%'m) SASe
296 (mssexi Company; matnly the l-pnenylel-{3,dexylyl)- ann lephanyt-1-(2,4-
xylylie 1somers). .

L] 4]
i ¥ ' ¥ - -
(1] 1]
tl)@ @\ 4] 4@ @
4] r_
oy tuy ! Uy
MInriated Mihgnyigangmy Prymy bag by bethiamy

[FELLEFIANITIL VY B

Very little information is available on the pnysical and chemical properties of
these compounds {see Table 3-5§),

Teole 3-9
PHYS ICAL AND CHEMICAL PROPERTIES OF SELECTEQ DIARYL ALXAMNES

Methylated

Qipnenyletnane Pngnylxylylethane
Molecular Welght 238 210
Botling Point 315 ¢
Flash Point 162 *C
Specific Gravity 0.97
vapor Pressure 0.0008 wm Hg at 25 °C

Thermal Oec sition Products of Uixylylethane and Phenylxylylethans, o tnfor-
mation was found on the combustion/pyrolysis products of either of these com-
pounds. The thermal decomposition of chemically similar compounds, diphenyl-
methane and diphenylethans (bibenzyl)}, has been studisd, however {1).

ON@ O®
1prany Inathyng |20t prany lethane
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Pyrolysts of tnese compounds at 7U0 °*C nas yielded benzene, toluene, ethyiben.
zene, styrens, stilbene, pnenanthrene, and fluorene, [f dixylylethane and pne.
nylxylylethane follow the same general decomposition mechanisms, then products
could include benZene, toluene, xylene, trtrethyl_bin;’eﬁe;_ethylben:ene; etnyl-
zylene, methylated flyorene, metnylatea phenanthrene, -methy)ated styrene; g 5o
forth, Combustion n the presence of atir may produce phenols, cresols, ino other
oxygen-containing species. It fis possible that methylasted d'io:nqs' or dibenzo-
furans could be formed. A1l of tnis is supposition, nowever. Without further
study, 1t 1s {mpossible to determine with certainty what trace PICs mignt ce
formad,

Toxicity of Dixylylethane and Phenylxylylethane Decomposition Products., Since

the spec!ific products cannot be identiflied with certainty, toxicities cannot be
determinad, lone of the possible PICS discussed above is considersd to be highly
toxic, although several are known or suspectsd carcinoyens. Most are liquias or
soltds at norma! ambient temperatures, and could De expected to deposit on nearby
surfaces with soot and other conventional fire by-products,

Sutylated Monochlorodipnenylether

Generg)l, Autvlaten monochigrodiphenviether it marketad hy Dow Chemical Com

ompany
under the trade name of Dielectric Flutad (-4 (formarly XFS-4169L). The name spe-
cifies neither the extent of butylation nor the isomeric form of the compound.

Anong the isomeric forms which have been found 1in dielectric flulds are:

QO DD

weavtyl
Limmcdutyl=d' whloradiphenyintngr L-sac oty 0’ cnlarogt sheny Iother

The mejor components of one sample of KFS-4169L were (wt %): 4-gchlorogiphenyl.
ether (19,6); 2-secbutyl-4'scnlorodiphenylether (27.2}; d-sec-buty)-4'-cnloro-
atphenyletner (24,0); and small amounts of df- and tri-butylated chloroaiphenyls.
ethers (2). Physical amd chemical property data were not available on inaividual
1somers.

Tnermal Decomposition of Butylates Monochlorodiphenylether, There is no informa-
tion avafladble on the thermal oecomposition products of butylated monochlorody-
phenylether. |owever, both the unsubstituted diphenylether and polycnlorinated
dipheny lethers (PCDPES) have been Studied,

MONS 216024
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vapors of diphenylether passed through 2 glass tube 4t red heat have Oeen shown
to break down into phenol, benZene, and dibenzofuran (46}

At 600 *C, the thermal conversion of PCOPEs into PCOFs is of the_same order of
magnityde as that from PCBs (1r), Lindanl et a); -(5_—9)"-¢V:on6ucuu 4 series of
tests with tri. to octachlorodipnhenyietners at 600 °C, and concluded that PCOFs
form primarily via loss of ortho«Hy, or ortho«HCl with a minor fraction formes oy
loss of orthe-Cl,, A few PCODs were 21s0 obServed, formed presumably vig loss of
ort.ho-C!z. The PCOOs formsd showsd lower cnlorination than the PCOPES, Figure
3.5 shows these reactions,

If butylated monochlorodiphenylathers follow the same mechanisms, the following
redctions could result.

@a @ et ﬂ (3-9)

wecauty!

f, n (3-10)
[}
O 4-0r0  ew
weaunyl 4]

[}
Wwiawty! 3]

secSuty! 4

Assuming that the cnlorine s always n tne 4' position, no reaction will occur
via €1y loss, This is important as Lindanl et al. (59) opserved afoxin formation
only via Clz loss., Thus, butylatea-4&'-chioroaipnenylethers would not be expected
to degrade to dioxins.

Also important 1S the fact that the PCOPE to PCOF reaction is monomolecular. In
contrast, the PCB to PCDF reaction is pimolecular, requiring PCB and oxygen mole-
cules, while the chlorobenzene to PCOF reaction is trimolecular, requiring two
chiorobenzenes 4nd oxygen. These multimolecular reactions can be significantly
Tess freduent in Oxyyehestérved or dilute systems. Being monpmolecular, neither

oxygen content nor PCDPE concentration will affect the rate of PCDPE conversion
to PCOF. b )
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Figure 3-5. Formation of PCOFs/PCODs from PCOPEs (31B)
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o other PICs have been identifisd or suggested for butylated monochloroaipnenyl -
ether,

Toxfcity of Butylated Monochlorodiphenylether Oecomposition Progucts. As noted
above,” there 15 no definite information on the combustion/pyrolysis products of
butylated monochlorodiphenylether, Thus, no toxicity information. (s available,
Assumiig that the redctions discussed above are possible, tihen reaction products
could include monochiorodibenzofuran (from the 4-chiorodiphenylether) and buty-
tated (mono-, di-, and tri-) monochlorodibenzofuran, There s no information
available on the toxicities of these compounds, .

Atkyl Siphenyls

General, Isopropylbipheny! is manufactured by Westinghouse under the trede name
of Wemcol., Wemcoi (s describes by the manufacturer as being presominantly 4-1s0-
propylbiphenyl with considersite amounts of the 3~ isomer and traces of more
highly substituted biphenyls. However, an independent analysis (107) revealea
the following composition (wt %):  3-1sopropylbiphenyl (60,3%); 4-1sopropyibi-
phenyl (J38.4%); 3,S-ditsopropylbiphenyl (0,3%}; 3,3'-ditsopropylbiphenyl (0.4%);
3,4'-diisopropylibiphenyl (0.2%); and 4,4’ -difsopropylbiphenyl (0,1%).

{Hy
. . i
3 H . | tHg
4]
iu_f.. ‘\—l—'s

Liopresy i phenyl

n-propylbiphenyl is mixed with dixylylethane 1n fdisol I], manufactured by McGraw
Edison, Several mono- and dipropyl isomers are possible, but there 15 no infor-
mation available on which {somers are found in Edisol 1, Tavle 3-10 presents
physical and chemical properties for these compounds.

@_@ M

Aeprobyiniphenyl

MONS 216027
3-23



_ Table 13-10
PHYS [CAL AND CHEMICAL PROPERTIES OF SELECTED ALKYL BIPHENYLS M}

lsopropylbiphenyl - ﬁ- ropylbiphenyl

Molecutar Weight 196 196
Bolling Point 270 *C 280 *C
Flash Point 141 *C »100 *C
lgnition Temperature 435 *C 445 *C
Specific Gravity 1.0

Therma! Oecomposition of [sopropylbiphenyl and n-propyibipnenyl. Mo information
wis found 1in the literdture on the combustion/pyrolysis products of elther of
_these compounds. Assuming that they degrede by C-C bond fission like other alkyl
aromatic compounds, the pyrolysis products could include biphenyl, propylbenzene,
© propens, and similar compounds. In the presence of atr, phenols, alkyl alcohols,
unsubstituted and alkyl substituted dibenzofursns, and 3o forth might be possi-
ble. All of this {5 conjecture, however,

Toxicity of Isoprogylibiphenvl and ns=oroovidiohenvl Decomposition Products,
{nformation 1s available on the combustion toxicology of these compounds.

g

PARAFF INIC HYDROCARBONS

Polyalphpolefing

General, A polysiphaolefin (PAQ), or poly l-alkene, is a polymeric chain of
alkene monomers with 3 stngle double bond in the l-position.

Nyl » CH + (LN, - {ny “'-fl ‘
i~4lneny 'j'""
"y
»

ply lualhone

Among the polyalphaoiefins marketed for use as transformer oi1ls are PAD 13CE amo
PR, manufactured by Uniroyal Chemical ang Gulf O1) Chemicals, respectivaly. PAQ
13CE fs derived from l-octene, and nas an average molecular weignt of 600 (1).

MONS 216028
3-24



ho mention of the degree of cross-linking was founa. Table 3-l1 presents tne
chemical and physical properties of FAD 13CE.

Table 3-11

CHEMICAL AN PHYSICAL CHARACTERISTICS-OF PAD 13CE (1}7)

Molecular Weight 600 .
Flash Point 290 *C : -
Fire Point 307 *C

Specific Gravity 0,84

viscosity {Centistokes) 14 2t 100 *C

Thermal Decomposition of Polyalphaolefin, Informatton on the thermal decomposi«

tion progucts of poly (l-octene) 1s very limited; no specific PICs are namea.
PAD 13 reported to undergo practically no thickening or sludge formation when
exposed to tempecatures of 175 °C for 100 hours (101), g

Random chain Scission slong the backbone chain 18 the dominant mecnanism tn (he
pyrolysis of polyolefins, As the term implies, scission i3 3 random event, ang
polymer molecules are first broken into large macroradicals. There i3 & rapid
gecrease in molecular weight, 4nd almost no monomer is formed in the s2rly siages
(39).  The expectead decomposition progucts would Include 4 variety of short-
med fum=, and longe-chain saturdtes ard unssturated hydrocarbons, mainly olefinsg,
paraffins, ama cyclic hyacocarpons (106). In the presence of air, various oxy-
species could also be expectad.

For instance, pyrolysts (approximately 300 to 350 °C) tests on poly (4-methyl-l-
peAtene) tn vacuum yielded tsobutens, propane, iscbutane, 4.methyl-l-pentene,
isopentane, 2,3-dimathylbutane, n-pentane, propene, and & sertes of (:11 to Cg
branched saturated and unsaturdted hydrocaroons (4). In the presence of air,
peroxtdes and hydroperoxides 4re formed inittally, lesding to the formation of
such products as tsobutyraldenyde, acrolein, acetic acid, acetaldenyde, acetone,
fsobutyric actd, isovaleric acid, 1sopropanol, ethandl, crotonalydehyde, metna-

nol, 1sobutanol, propionic acte, oxaslic acid, propionaidenyde, butyric ac:d,
butyraldehyde, and N-propancl,

MONS 216029
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Toxicity of Poly l-Octene Decompusition Products. N information was availaple
on the combustion toxicology of poly l-octene. The types of hydrocarbons men-
tionad above are yenerally of tow to moderste toxicity, but the presence of more
nignly toxtc compounas cannot be ruled out without further testing.

R TEmp

Ganeral. RTEmp is & high molecular weight, purtfisd paraffin menufacturea by RTE
Corporation. It 1 refined from crude o0il and solvent extracted s0 that there
are no sromatic or polysromatic compounds present,

RTEmp ts al$0 characterized Dy its lack of halogens and 1norgéntc compounds. The
exact composition is difficult to ascertatn, According to matertal supplied by
the manyfacturers to the Occupational Safety and Health Admintstratton, 1t is
listed as having a botling point sove 427 °C, corresponding to an n-atkane of
chain length CZS' Tadble 3-i2 presents chemtcal and physical properties of RTEmp,

Table 3-12

C.HEHICAL AND PHYSICAL CHARACTERISTICS OF RTEmp {117, 121)

So1ling Potiat
Flash Point

Ignttion Temperature
Spectfic Gravity
¥iscosity (Centistokes)

427 *C

284 *(

3z *

0.87

120=-140 at 40 °C;
12-14 at 100 *C

Thermsl Decomposition of RTEmp, The tack of knowledge of the exact chemical
nature of the compound Nas mage it impossible to describe the tharmal degraaidtion

3-26
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products of pyrotysis/combustion, The “fire nazard properties” of RTEmp have
been stucted under simulatton of g "worst case' scenario for a catastrophic
trangformer a3l lure. The major arcing product reported wés hydrogen, with lesser
amounts of acetylene, methdne, ethylene, 4nd other gaseous hyGrocarbons not Spe-
cifically names (62), All of the wove gases are flammable and are believed to
contribute to the fireball observed tn catastropnic electrical failure tests,

Toxtcity of RTEmp Oecomposttion Products. Since combustion products, a’r;a partt-
cularly PICs, have not been identified, it 13 tmpossible to assess their indivi-
dual toxicities, However, the toxtcities of the gross pyrolysis gases were eval-
udted using & method developed by Hilado where rats are subjected to inhalation
of the actual pyrolysis gases (15), Exact toxicities were not given, but the
toxicity of the pyrolysis gases from RTEmp was compared tO that of another trans-
former liquid, 4 polysimethyistloxane (Dow Corning 561 silicone transformer
Hquid}., Under the specific test conditions, the toxicity of the RTEmp pyrolysis
gases was gredter than that of the silicone transformer 1iquid,

Perchlorgethylene

Generdl, Perchioroethylene {tetrachloroethylene; czcm ts & nonreactive, non-
flammible liguid which has generally been usted a$ & solvent, Table 3-13 Itsts
its chemical and physical properties, It 1s manufactured as Wecosol® transformer
fluld by Westinghouse, 4nd May be used neat or mixed with mineral otls, Per-
¢higroethylene 15 2130 a major component tn & reidtively new British import, For-
mel N (98), This fluld ts & mixture of perchloroethylens ana three fluorocar-
vons {112, 1128, ang 113),

4] 4]
\C-C Fd
o |

Farcalorsatnylens
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Table 3-13

CHEM ICAL AND PHYSICAL CHARACTERISTICS (F PERCH,ORDEThYLE_NE T

Molecular Weight 165,83

Melting Point =22, 4 *C

Boiling Point 12,2 C at ) atm-
Flash Point lone

Fire Point hone

Vapor Pressure 14 om g 8t 20 *C

Specific Gravity

Thermal! Decomposition of Perchloroethylene, The amount of data availabie on the
therma) decomposttion of perchloroetnylene is quite limited, It 1S a very staple
compound due to high molecular bond dissociation energies and & lack of nyarogen
atoms availavle for abstractton or formation of hydeoxy radicals. As g resylt,
few decomposition products would be expectad.

Clafborne {2]) heates perchlorgethylene in varying levels of ale in § stainless
steel tube to 1000 °C, The principal progucts were COp and chiorine, A small
ampunt of HCI was found. Phosgene was not cetectadble either by gas chromatog-
raphy or mass spectrometry.

Low energy {(3U kwW-sec input energy for 30 min) srcing experiments genecated small
quantities of CO, CO,, chiorine, and HC} {60}, o other products were reported,

Decomposttion tests on Formel NF-fillea transformers procucet only traces of
chiorine ana several chlorofluorocérbons, other than the fiuld constituents (98),

N HCl or phosgene were detected. The nalocarbons were prodbadly produced from
the halocarbon components of the fluid mix (see Section &, Freon 113),

There dre reports that perchloroethylens may decompose to phosgene or trichloro-
acetic acid in the presence of arc welding (25). The tests cited above do not
confirm this, but Che experimental conditions did not simulate arc welding, [¢
does not appear C(hat these highly toxic compounds 4re generated under Simple
pyrolysis or low-energy arcing condicions. h
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Toxicity 4nd Exposure Limits of Perchioroethyliene Decomposition Products. Taple
3-14 lists the toxicities for vartous known 4nd Suspected perctnioroethylene

decomposition products. The most toxic of tne PICs formed are chrlorine, pnos-
gene, anag trichloroacetic acid, which appear to be clearly more toxic than tne
parent compouns. fowever, with the exception of chiorine; these ‘P‘If:s“'suin to be
formed in trace quantities, if at all, Furthermore, of the PICs iisted, only
trichloroscetic acia 15 likely to be found on surfeces in the aftermath of 2
fire. The others are gaseous and would readily disperse.
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Tavle 3-

TOXICLTY AN EXPOSURE | IMITS OF PERCHLOROETHYLENE AND DECOMPOSITION PRODUCTS (41}

ihl-hen ihl-rat
s Lo o Yw Lo

Perchioro- 4000 ppay/ 96 ppa/
ethyiene 4 H
Chiorine 8713 ppm/ 293 ppa/

30 min 1] ]
Carpon 102/1 min 65%/
Dioxrde 15 min
Phasyene 3500 g/ 25 ppm/ 50 ppm/
(Carbonyi - 30 min 30 min
Chioride)
Trichloro-
dcetic Acid
Wdrochloric 1300 ppm/ 3124 ppm/
Acid 30 min 1{;]
Hydrogen 100U ppm/ 4701 ppm/
Chioride 1 min 30 min
{Gas)

orl-rat unk -man
LDgy LD o TLY-THA STEL
50 ppm 200 ppm
0, 51 1,51
SU00 my/kg 1 ppm
81 mg/kg '

5 ppm
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section 4 T .

DIELECTRIC GASES:

CHLOROFLUOR OCARBONS

Genera!

fFreon i1s QuPont‘s registerem trademacx for carbon compounds containing fluorine,
and is used only for fluorocardons tnat are nonflammadie and low in toxicity,

Feaon 113, uysed as & dielectric gas, refers to 1,1,2-trichloro-1,2,2+-trifluoro~
ethane, '

F f
[
=i =C=F
]

L ¢

Fraon 11)

In egdition to being used individually as & dielectric g#s, chlorofiuorocarpon
i13 18 & component of the Forme! NF mixture, This fluid contains two otner
fluorocarbons, 1,1,2,2-tetracnloro-l,2-difluoroethane (chliorofluorocarbon 112)
and 1,1,1,2-tetrachloro-2,2-difluoroetnane (cnlorofluorocarbon 1123}, These two
fluorocérbons #re not d¢iscussec elsewhere tn tnts report, but many of the follow-
ing comments on Freen 113 decomposition apply to them generaily.

Therma! Decomposition of Freon 113

The chiorofliuvorodikiénes, of which Freon 113 is & member, dre thermaily stavie up

to 280 °C (119). At nigher temperatures or during arcing, the fluorocarbons can
decompose,

Sparking tests on 1,1,1- arg [,1,2-trichnlorotrifluoroetnane produced the negative
fons C1°, F7, C1,%, and CC147 (93). Al of thnese could continue <o react witn
the parent compound. In this test, analyses were not carried forwara to identify
the fingl decomposition products,
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Part1al compustion of C,Cl3Fy at L1000 °C 1n a¢r proguces six trace compounos ten-
tatively igentified as CFy, Cla COFp, CO, CCIFg, and COC1p (phosgene) (21). In
s0dition, the quartz reaction chamoer was noticeddly etched, suggesting the pos-
sio1iity of H formation. e

Tests on Formel M (which containg percnloroetnylene as well 35 the flworocarbons
mentioned above) yielded only C1, ana severd! unidentified halocirbons 1;9_8_). Mo
pnosgene or HCl wefe detected. Hydrogen chloride would not generally be expected
from these compounds because of the lack of hydrogen.

Many fluorocarbon decomposition ceactitons depend on the presence of &t least one
hydrogen atom on the molecuie. At high temperatures, 4 hydcogen halide can form,
resulting 1n an ungaturated halocarbon or & halocarbon radtcal leaing to the
formation of longer chatn molecules and even polymertzatton, These are fatrly
common reactions, but would not be expected with Freon 113 or Formel W,

Toxicity and Exposure Limits of Freen 113 DecompoSitton Products

Table 4-1 lists the toxicittes of the identified Freon 113 decomposition prod-
ucts., Most of these products are more toxic than the parent molecule, and sev-
ers! (phosgene, carbonyl fluortde) are niugnly toxic, All are generated as
vapors, however, 4nd would be expected to disperse with ajequate ventilation.
Carbonyl fluoride decomposes fn the presence of water., Thus, there would be few,
1f any, nighly toxic residues {of the identifted PICs) remdining after an inci-
dent, There 1s & potenttal for nighly corrosive and i1rritating residues of

hydrogen chloride and hydrogen fiyoride on surfaces, but thess present & 10w toxe
feity halard,

SULFUR HEXAFLUDR [DE
General

Sulfur hexafluorice (SFG) can be used alone 4% & dielectric or in a mixture of

gases such a5 perfiuorocarbons. [ts physical ang chemical properties are }istea
in Tanle 4.2,
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Table 4-1

TOXICITY AND EXPOSURE LIMITS OF FREON 113 DECOMPUSITION PRODUCTS (B3)

ihl-han ihl-rat ihl-sus

Yo s Yo L9 L0 %0 Lv-TeA  sTEL

Freon 113 87,000 ppey 25 pph/ 1,000 ppm  1,2%0
6 min 1.5 min Ppm

Carbon 4,000 ppw/ 650 ppe/ 50 ppm 400
Monoxide X min 45 min ppm

[man) {man)
Phosyene 3,200 25 ppm/ 50 ppm/ 0.1 ppm
(coct ;) ny/m 30 min 30 min
liydrogen 1,000 ppm/ 4_701 ppm/ S ppm
Chioride 1 min 30 min
{Gas)
iydroyen FIO ppm/ S0 ppm/ 3 ppm "6 ppm
Fluoride 1 min 30 min
Carbonyl 360 ppm/ 2 ppm 5 ppm
Fluor ide 1 e "
(COF,)
Teteafluoro- 895, 000 i ‘
sethane (CF,) _ ppe/15 min :

' \ i
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Table 4-2

CHEMICAL AND PHYSICAL CHARACTERISTICS OF SULFUR MEXAFLUORIDE (97)

Molecular Weight
Melting Point
Botling Point
Specific Gravity

vapor Pressure

146,07

-50.8 *C ,
-63,5 *C N
1,719 (=39 °C) (11quid)
5,11 (20 *C) (vapor)

21 mm Mg 020 %C

Thermal Decomposition of Sulfur Hexaflugride

The thermal decomposition of sulfyr hexatluoride has been studied under comdi-

tions stmutating arcing, arc welding, ana fires (20, 35, 45, 111). A numoar of
Tong-lived byeproducts have been identifies.
The principal bys-product in most tests was thiony! fluoride (SOFa). Under Spark-

{ng at 36 kJ, the typical concentration of SOFp deposited into the test cell fol-
lowing' 24-hour storage was 1. 2% (g). Other 1dentified products (and their con-
cantrations 2t the comditions ove) inciuie suifuryl fivoriae (S0,F, - 0.151),
thionyl tetrafluoride (SOF; - 0.223), stlicon tetrafluoride (S1F, - 0.03%), and
sulfur dioxide (50, - 0.002%). A suggested generalized reaction sequence is
(94):

5T

Fy o+ O

v\

SOFy + I »,

n,y Y‘ o

50, + 2u SHFg o Hg0

This reaction sequence indicates that sulfur tetrafivoride (5F,) and nydrogen
fluortde (HF)} are also decompositfon by-products,
ever, and were not found during analysis.

Both are highly rpactive, how-
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Silicon tetrafluoride i3 not really an 5F; aecomposition by-product. Rather, it
is a product of the reaction between HF {a probable aecomposition Dy-preduct) ang
s1lica-contaiming components of the test ce!l (or, by inference, the transformer)
sucn 4s ceremic fnsulators (36} S T

The presence of impurftfes fnfluences the types and quantities of decomposition
products formed (25, 111}, These tmpurities can tnclude production 1-purit1es' in
commercial grades of gases, volatilized electrode material, and volatile frac-
tions of other equipment components (e.g., greases). It has been found that the
adition of only a few percent of a hydrocarbon impurity can increase SOFZ pro=-
guction by two orders of magnitude (35). In the presence of hydrocarbons, adai-
tional by-product$ formed can incltude CoFg, CFy, ana ST(CHy)oF5 (111D

Finally, as will be noted below, the compounds identified above may not account
for all of the toxicity noted in SFc gecomposition gases (37). It nhas been sug-
gestead that tnere is a potentially large array of PICs at trace concantrations
which have not besn identified, For instance, several researchers have hypotne-
sizea the production of $2F10 although 1t has not been found (36, 373, tHowever,
the anaiyses to date have concentrated on the major PICs; sulfur dioxtae at
0,002% (20 ppm) was the lTowest PIC concentration,

Toxicfty ang Exposure Limits of Sulfur Hexafluorige Qecomposition Products

Table 4-3 1ists toxicity data for sulfur hexafluoride decomposition products.
The major progucts formes during arcing (SUF,, 50F, 5iFy, S0,) are all more
toxic than the parent compound, SFS.

The sparking decomposition products have been found to exnhidit strong cytotoxic
effects on mammalian cells, The cytotoxicity of the sparking gases was tested
using an in vitro cell culture system (Chinese hamster lung cells) (87). The
cytotoxicities of the individual decomposition products were rested to identify
the most potent cytotoxicant. There were, nowever, no conclusive results, The
sum of the toxicities of the individual progucts ¢ould not account for the toxi-
city of the sparking gas. The toxicity of a synthetic mixture with a composition
similar to that of the f1dentifies sparking decomposition products exnibited @
toxicity of a lower degree tnan that of the sparking gas.
Thug, 1t 1s reasonable to assume that there are perhaps several as-yet-unidenti-
fied decomposition products which, although present ih trace amounts, contribute
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Table 4.3

TOXICITY AN EXPOSURE LIMITS OF SULFUR HEXAFLUOR IDE DECOMPUSITION PRODUCTS (83)

ihl -han- thl-rat orl-rat ihl -sus
Lo Lo LCyo L0sq Lo TLV-THA STEL
$F 1000 ppm 1250 ppm
SUF, 260 ppw/ 2,5 mg (F)/
14 ]
SuF, 3020 ppm/ 100 my/kg Y ppw 1U ppm
1M
Sif, 235 mg (F)/
]
SUZ 1000 ppm/ 1000 ppm 2 ppm 5 ppm
(1)
LU 1780 ppm/ 25 ppo S ppo

1H
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significantly to the cytotoxicity of the decomposition gdses. (ne compound tnat
has deen Suggest®d is SsFy5, 8 highly toxic compound with a TLV in the Several
ppb rdnge. -

The identified oecompositfon products are all gases ;:jno}ﬁiivlﬁb1ent tempera-
tures, and would present & problem only fn the absence of proper vent{lation.
Hydrogen fluoride may be found on surfaces. cut the amount generated goes not
seam to be signtficant. The physical state, and thus the porsistnnco,;aa long-~
term hazard, of the untdentified decomposition products are unknown,
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Section §

PROPOSED PCB SUBSTITUTES: SOLIDS

INTRODUCT ION

Solid dielectrics cidn be cast or impregnated fnto the coitls of a transformer,
vsed a3 films in capdcitors, or used as insulation for various parts of trans-
formers, capacitors, or other electrical equipment. There are several types of
sotid matertals wnich have been considered, Including silicone resins, epoxy
resins, and & variety of polymers. The two solids to be ¢onsidered witnin the
context of this review will be epoxy resfns and polyvinyl chloride (PVC),

EPOXY RESINS
General

Epoxy retins are those polymers whose monomeric units are linked or cross-linked
through an epoxide-hydraxy} dehydration reaction. Cured “epoxy™ resins contatn
few epoxide mofeties.

The monomeric unit$ miy be simple or complex. The most commoniy used resin is
based on bisphenol A,

€y
i
|
c",

Viaphangl &

This molecule is linked 1nto jong chains by & chiorine-containing epoxide com-
pound, eptchliorhydrin,
/o\
C"'C"!v-(ll— 2]

[prenigrnyarin
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The result it a long chain polyetner wnich terminates with epoxides.

4]

4] Coom ) ---U‘)—'”- -
A i [ J_ 1 A0
ch*‘“"‘*g{”‘@‘f-@-o-cuz—cu—tn, 0 ¢ 0 CHyp— CF =Ty

Most commonty, this compound 1s then “cured” with a cyclodliphatic anhydrice or
amine s 2 “"hargener” to effect cross-linking (96}, The larqest producer of
resins for use in casting transformer cotls used 1n the United States reports
that roughty BOS of their productfon for transformer coils may be approximated by
the sbove generalities, The remainder use cyclodliphatic compounds in place of
pisphenot A, The principal constituent of the materidl used to impregnite trans-
former coils i3 not the resin (typically 25% of the mixture) or the hardener (up
to 25% of the mixture) but the filler material, a fine silticeous material {usu-
ally $10p, 50% to 751 of the mixture),

Thermal Decomposition of Epoxy Resing

A1l epoxy iinks are étheric, Of waiker 5ong energy than the adjscent carbon-¢ar-
von bonds, Une might then expect to find the monomer (e.9., bispheno! A} as an
tnit1al degradation product, This (s not the case. The extensive cross-linking
and the presence of the filler, both specifically imorove heat resistance and
prevent any degradation below temperatures 4t which the monomers are stadle,
Pyrolysis of a Movolac epoxy (based on a chain of phenol-methyl moleties rather
than bispnenol A} yielded no detectanle monomer, but did yleld significant
smounts of benZent at temperatures above 500 *C (71) (Table 5-1). The major por-
tions of the volatilized fraction of the epoxy is designatad Vpyr, an otnerwise
unidentified material that {s volatile at pyrolysis temperatures but liguid at

room tempgratures, The only data avallable for the 800 °*C material 1s an werage
molecular wetgnt of 350.

Lum and Feinstein (63, 64) studiad the tnermal degrazation of Movolac epoxies at
relatively low temperdtures (U to 500 °C), Release of significant amounts of
bentene, phenol, and cresol was detected in the 300 to 500 *C range.
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Table 5-|

VOLATILE PRODUCTS FROM PYROLYSIS OF EPUXY RESIN (66)*

Comgon.ntt

Hyarogen
Lo

9V

Melhane

Acatyl ene
Ethyiene
Acetone

Propane
Propylens
Ethane
Cyclopentatienes
Pentanes
Senzens

Methyl Chioride
Ethyl Cnloride
Others

Ypyr#

Volatilizea Part
of Sample, %

*percentages are bassd on weignt of total volatilizad fraction,

360 °C

500 _°C

800 °C

1200 °¢

€ 3 I T Tr T

L7
63,6
38

.1
6.0
0.8

-

2.2
1.1
2.1

0.5
1.3

0.7
82.0

15

0.8
1.2
%]
1b
1.0
2.2
1'6

2.8

-m

n.l
86

rComponents in amounts of less than 0,51 are not shown.

50,9

*A heavy fraction, volatile at pyrolysts temperature, but not foom Lemperature.

5-3
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Oxidative degradation of a complete 8OO kVA GEAFOL cast resin transformer was
carrisg out by the Trafo-Union Corporation of the Federal Repudiic of Germany
{5)s The experiment consisted of sequent?dlly (not simultaneously) bdurning a
wood fire {1000 °C) under one coil of a transformer, and 1 propane fire (1200 *C)
under the other coil, The filterea combustion gases were fed continuousiy to a
GC/MS apparatus, which accepted 4 [O-microliter sample each 20 seconds for the
duration of the fire, Mass spectra in the range of m/e = ]2 to m/e = 650 were
recorded each second, The results are shown in Table 5-2, Mo peeks doove m/e >
92 were found. Jowhere are the carpon dioxide concentrations in the Smoke re-
ported, S0 there 1S no way to axactly convert the peak Intensities to apsolute
concentrations, A further problem with these tests was the failure to separate
the wood and propane combustion gases from the resin comobustion gases. C(Conse-
quently, it is impossible to Say with certainty which of the product Qases are
attributabte to the epoxy resin,

Table 5-2

PICs FOUND IN FIRE GASES
FROM TWO CAST RESIN TRANSFORMER FIRES (5)

Pic wood Fire Propane Fire
Acetylene 3.6 ppm 34 ppm
Aromatic fragment 0.4 ppm 0.4 ppm
8ento! 1.2 ppm 1,2 ppm
Toluene 1.6 ppm 1.2 ppm

As part'of this same series of tests, 4 sample of resin was burned at 600 °C, amg
the product gases were analyled for 2,3,7,8-tetrachlorodibanzo-p-dioxin and
2,3, 7.8-tatrachlorodibenzofuran, Nelther was detected down to 50 ppb. M other
dioxin or dibenzofuren was analyzed for.

Toxtcity and Exposure Limits of Epoxy Resin Decomposition Products

Table §-3 presents toxicity data for most of the decomposition by-products mens
tioned adbove. Few are highly toxic, Several of the oy-products, however, are
known or suspected carcinogens, These compounds are generally solids or 1iquias
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Acetone
Acetylene
Senzene

Cresol

m-cresol
o~cresol
p-tresol

Cyclopenta-
diene, 1,3-

Ethy lene
Prenol

Table %-3

VOXICITY AMD EXPOSURE LIMITS OF EPOXY DECOMPUSITION BY-PRODUCTS (83)

TCLO LD,_o I.Cu], LCSO an I'CSU LCSU
{in]-han) {orl-hen}  (ipl-rat) (IN-rat} (orl-rat) {ibl-sus) (n]l-mem) TLY-THA
500 ppm 16,000
PP/ AN
500, 000
PP/ oM
100 ppm 10,000
ppw/ TH
5 ppm
k
242 mg/ky (skin)
121 mg/kyg
207 my/hg
15 ppm
9 pph 7 “ :
140 my/kg 316 mg/a’ 5 ppms
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at normal ambient temperatures, 4nd dre a risk via dermal exposure 45 well as
oral or inhalation.

The toxicity of tne unidentified Vpyr fractfon has not been assessed. VF"InV;'IIy',
few Of the tests conducted to date Nave been concerned with identtfying by-prod-
uycts at trace levals, ’
POLYVINYL CHLORIOE (PYC)

General

PYC is a synthetic thermoplastic polymer,

1

1

—_r -z

|
-t
T

[l

[
n

It is generally resistant to weathering and moisture, and to mast acids, fats,
petroleum nydrocarbons, and fungus, It ts dimensionally stable with good dielec-
tric properties. The first important use for plasticizes PVC was 43 electrical
cable insulation sheathing, The electrical 1ngustry 1s still & major consumer of
PVC, with most bLeing used as flaxible cavle insulation or rigid electrical con-
duit,

PVC resins are dlways compounded with a variety of additives. Stabilizers are
added to 4t a5 Scavengers for free radicals produced by heat or light. Metallic
salts, oxides, and salts of fatty acids are common stabilizers. Fillers such as
calcium or maygndsium carbonate can be added to retard the catalytic c¢hain dehy-
grochiorination effect of releassd hydrogan chloride. Plastictzers may be added
to impart or improve flexibility, Plasticizers may dbe up to 30% by waight of the
compounded plastic. Typicel plasticizers include pnosphates, dioctylpnthalate,
and low-molecular-weight propylens glycol polymers. To increase fleaxidtlity,
vinyl cnloride may be copolymerized with vinyl acetate. The vinyl acetate can

constitute 3 to 15% of the copolymer. There is no single compound formula used
wiquitously in tne electrical tnaustry,
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Thermal Decomposttion Products of PVC

Data on the thermal degraddtion of PVC are fatrly extensive. ~The major proolem
with ysing the data 1s the viriety of PVC formulations available. A given rest
sample may be stiilized or unstabilized, There are several aifferent stanii-
iters avallable, Other additives (plasticizers, fillees, aycs._ctc.,i Can vafy in
composition as well, The extant to which tnese &ditives affect the tnermal
degradation of the polymer and the extent to which the additives themseives con-
tribute to the final bdy-product mix are unresolved. Furtnermore, most of the
published research 13 not highly specific reqaraing the formulation o composi-
tion of the PVC heing tested. Consaquently, there is some question regarding the
applicability of a particular test result to other PVCS, As a result, the fol-
lowing discussion must be taken as being only gengrally indicative and not neces-
sartly speci fi¢ for any particular PVC formulation,

In the absence of onxygen, PVC pyrolyzes by denydrochlorination {(loss of K1),
foilowsd by cyclization of polyene (19, 39, 76). The reaction procesds via ],4.
etimination of chlorine from cis double tonds, generally from groups at or near
chain ends. The principal products formed are Dentene and hydrogen chloride

(18}

Benzene is believed to form procably by one of the two following mechanisms (76):

Q-0 -

ky by L .? .?

7 N ,“I 7\ 7N\
N \ (5-2)
Y [T ¥ ", % ' ", 'z. :

Nyl o Oty
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The presence of HC1 may catdlyze the thermd) degradation, but this has heen dais-
puted {19, 76},

Benzene is not the only decomposition product, Table 5-4-l1isty tnmdiéohﬁéiition
yields of severil more aromati¢ compounds at various_tetﬁﬁcrrituresi from J00 to- 800
°C. In agdition to these compounds, aliphatic hydrocarbons, 3-methylnapntnalene,
monochlorobenzene, o-dichlorobentene, p.aicnlorobenzens, 1,3,5-tricnlorobentene,
ang 1,2,4-trichlorobenzene were al1so identifiad in the pyrolysts 9asés (ﬁ).

Table 5-4

OECOMPOSITION YIELDS* OF SOME AROMATCS OBTAINED BY THE PYROLYSIS?
OF PYC (GEON-103 EP) AT VARIOUS TEMPERATURES (19)

) Yield, wt %
Product 300 °C 400 *C 500 *C 600 *C 100 *C 800 °C
Benzene 3.50 4,67 5.00 5.23 6.30 9.9
Toluens - c.21 0.67 0. 82 1.95 2. 10
gthylbenzens . .. 0.16 0.18 0.18 0.23
o-Xylene - - 0,16 0. 18 0.23 0.25
Styrene -- 0.13 0.22 0.37 0.74 1,08
tNaphthalene .- 0.4} 0.52 0,13 1. 50 3,00

*Calculatm using gas chromstography with p-aichiorobenzene as an internal stan-
darg,

"Samples (powder), 1-3 mg, were pyrolyzed in heifum gas. flow rate of helium
being 25 mi/min.

Anling et al. (3) combusted PYC over the range of 570 to 1130 °C. They found
from di- to hexdchiorinsted benzenes, octachlorostyrene, and PCBs. Ouring tne
combustion experiments, PVC was mixed with wood chips to help sustain comoustion.

The combustion of PVC can also yield carbonyl chloride {phosgene) (13). Yields
are on tre order of 0,06 to 0.15 mg/g {or a concentration of 0.5 to 1.3 ppm from
4 to 7 g decomposed in & 200-1 animal exposure chamoer). Subjecting “the PVC to
an electric arc cen fncrease yields of phrosgene 10 to 20 times.
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Because of the production of chlorinated benzenes, tne furmation of PCHOs ang
PCOFs s a distinct possibility (see Section 3, Cnlorobenzenes) (19). The pres-
ence of otner chlorinated polycyclic aromatics, such a$ chlorinated naphthaleres,
is also feasiole. To date, none of these have been identified in PVC pyrolysis
geses, but PYC 13 suspectad to be one of the potential sources of the PCODs ana
PCOFs found in fly ash and flue gases from municipal and industrisgl Incinerators
(19). T

Toxficity and Exposure Limits of PVC Thermal Degredation Products

Table 5-5 1ists the toxicities for the fdentified PY( degredation products,
Speculative by-products, such as PCDOs, PCDFs, PCNs, etc., &re not tncluded,
although the circumstantial evidence for their production is good. Their toxici-
ties are discussed elsewhare in this review,

The fdentified PVC bysproducts are of varisble toxicity, but generdlly fall into
the moderate to high toxicity renge. In sddition, severs! are known or suspected
carcinogens, Most of these compourds are solids or liquids at normal amdient
temperatures, &nd could be found in soot or on surfaces after & fire. Phosgene,
2 gas, 13 the notable exception.
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Mosyene

Benzene

loluene

fthylbenzene

o-Xylene

Styrene

Naphthalene
Hethylnaphthalene
Monochlorobenzene

g-Dichlorobenzene

t

"p-bich lorobenzene

1,2.4-Trichloro-
benzene

Table 5-5

TUXICITRES AMD EXPOSURE LIMLTS OF PVC THERMAL OEGRADATIONM BY-PRODUCTS (B1)

Lcso
(in] -han)

Iy
{1hl-hem )

3 /
i

25 ppm/
3

100 ppm
200 ppm
100 ppam/

8H

600 ppm

fori-hum}

300 mg/kg

Wo Lgg LDg LDy
{irt-rat) (ibt-rar} (orl-rat) (orl-rat) ‘TLY-TWA
50 pom/ 106 ppb
o
10,000 10 ppm
ppm/7H
4000 ppm/ 100 ppm
4H
4000 ppm/ 10§ ppm
4H
6125 ppm/
12h
5000 ppm/ 50 ppm
8H
1780 mg/kg . 16 ppm
SU00 -‘gll‘ig '
2910 mg/kg o 75 ppm
821 ppm/ 500 mg/kg i
M- .
;
500 -gllt“_g ‘ ; 75 ppm
756 my/ky :
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Appendix A -
GLOSSARY AMND ABBREVIATIONS

Guinea pig

Human

Inhalation

Lethal concentration low

Lethal concentr:. on fifey

Lethal dose low

Lethal dose fifty

A calculated concentration of a substance in afr,
exposure to wnich for a specified time (H - hours, M -
minytes) is expected to cCause the death of 50% of a
defined animal population

The lowest concentratfon of a substance in alr which

hat been reported to have caused death In humans or ant.
mals

A calculated dose of a substance which is expected to
cause the death of 50% of a defined animal population

The Towest dose of a substance reported to have caused
deatn in humans or animals

Mouse

Oral

Polychlorinated dibenzo-p=dioxin
Polychlortnated dibenzofuran
Polychlorinated naphthalenes

Product of incomplete combustion

. Parts per hundred -

Parts per mtllion

Short -term exposure Jlimit:, maximum al lowsdle. exposure
concentrations for [S5-minute exposure
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Appendix A (continues)

TC00
TCOF

o
T0cy

Threshold Limit Value

TLY

Toxic Concentration
Low

Toxic Dose Fifty

Toxte Dose Low

TwA

Tetrachlorodibenzo-p-dioxin
Tetrachliorogtben2ofuran
Toxic concentration low
Toxi¢ dose low

Toxi¢ dose fifty

The ACGIH-recommendad concentration of a substance to
witiCh most workers can be exposed without agverse affect;
may be expressed a5 time-weignted average (TWA}, short-
term exposurs 1imit (STEL), or celling value (CL)
Threshold 1imit valye

The lTowest concentration of a substtance in air to

which humsns or animals have been expoted for any given
period of time that has produced any toxic effect

A calculated dose Of a substance reported to cause toxic
effects in 50% of a defined population

The Yowest dote of a substance raported to procuce any
toxic effect in humans Or animals

Ttme-watghted iverans: svarage allowable

Frer Trwi wyw Wi

8-hour workday or 40-hour wark week
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GEMER IC AND TRAOE MAMES

Benzyinepcaprate

gutylateds manochlorodiphenylether
D¢ 200 {Dow)

pC 561 {Oow)

01 -2-ethylnexy! phthalate

QIELECTRIC FLUID C-4 {Dow)
OIELECTROL Il {General Electric})
OIELECTROL [I! (General Electric}

Otaylyletnane

EOISOL 11 (McGraw Edison)

Epoxy

F 101 {SWS Silicone)

F 190 (5WS Stlicons)
FARADOL 100 {Asea}

FORMEL W (ISC Chemicals)
Froon

GEAFOL {Trafounion)
Isopropylbiphenyl

L 305 {unfon Carbide)
Methylates diphenylethane
PAD 13CE {uniroyal)

FARAOOL 100 (Asea)

DIELECTRIC FLUIO C<4 {Dow), XFS-4169L (Dow)
Polyd tmethylsiloxane

Polydimethylsiloxane

Component of DIELECTROL I (Ganeral Electric)
and SELECTROL [ {Sangamo)}

Butylated monochlorodfpheny\gther
01-2-ethylhexyl phthalate
Otxylylethane

OIELECTROL Il (General Electric), SELECTROL
11 (Sangamo)}, SAS 295 Wissexi}, SAS 296
(Missext)

Mixturs of methyliated diphenylethane and pro-
pyldfphenyl

GEAFQOL (Trafo-union)
Polydimethylsiloxane
Polydimethylstiloxane

Benzylneocaprate

Mixture of perchloroethylene and freons
Component of FORMEL N (IS5C Chemicals)
Epoxy

WEMCOL {westinghouse)
Polydimethylsiloxane

Component of EDISOL Il (McGraw Edison)

Poly l-octene
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Appendix B (continued)

Perchlorgetnylene

Poly l-octene

Polydimethyisionane

R (Gulr 011)

Propyid fphenyl

SAS 295 (Nisseki)
SAS 296 (Nissekt)
SELECTROL | (Sangamo)

SELECTROL [ {Sangamo)
SF 97 (General Electric)

TrichlorobenZene

WECOSOL (Westinghoute)
WEMCOL (Westinghouse)}
KFS-4169L {Uow)

WECOSOL (Hestin?hougéj,'c‘oipgmnt of FmHEL
N (ISC Chemicals) _ .

PAG 13CE (Uniroyal), PR {Gulf O11)

DC 200 and DC 551 {Dow Cornln?}. Fibl and F
190 (SWS Silicone), L 305 (Union Carbide), SF
97 (General Electric)

Poly l-octens
Component of EDISOL Il (McGraw Edison)
Ulxylylethane
Oixylylethane

Mixtyre of di-2-gthyihexyl pnthalate and tri-
¢hlorobenzeng

Uixylylethane
Polys imethylisiloxane

Component of DIELECTRG. I (Gcntnl Elec-
tric), SELECTROL ! {(Sangamo]

Perchioroethyl ene
Isopropyibiphenyl

Butyl ated monochlorodiphenylether
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EPA Hearing on Proposed Regulations
on PCB Transformer Use

Statement of Dr. John Craddock, Chairman
Chemical Mapufacturers Asscciation . -. -
PCB Program Panel @~ -

January 15, 1985

Good afternoon. I am John Craddock, Chairman of the
Chemical Manufacturers Asgociation PCB Program Panel. CMA
appreciates the opportunity to appear here today.

CMA has actively participated in many EPA proceedings
concerning PCBs. Following remand from the Court of Appeals
in 1980, CMA conducted surveys for the Agency of PCB use in
electrical equipment in the chemical industfy and of inadver-
tent generation of PCBs in chemical manufacture. CMA has
filed extensive comments in each of EPA's many PCB rulemak-
ings. We also worked jointly with the Environmental Defense
Fund and Natural Resources Defense Council to develop the
consensus proposal that EPA employed as the basis for its
final rule on inadvertant PCB generation. Most recently,
the Panel has submitted comments in response to both the
ANPR and the current proposal concerning risks should PCB
transformers be involved in fires.

As our comments detailed, CMA believes the incidence of
fires involving PCB transformers has been greatly overesti-

mated because a few unusual incidents in recent years focused
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public attention on this issue. Indeed, CMA's survey of
transformer use in the chemical industry over the past
40 years found no fires involving PCB transformers. Our
comments thus conclude there is insufficient information to
justify new regulations on PCB transformers, especially
those in use under controlled conditiron;.:i\n- t.he chemical
industry. :

Thies merring -- rather than restating CMA's .pre-;riously
detailed position ~- I would like to address the issues in
this proceeding by posing several questions to the Agency
and to other interested parties. The fundamental question
underlying this proceeding is whether any of us can conclude
with confidence that any of the wide range of measures being
proposed by EPA or other parties will in fact reduce the
number of transformer fires or the risks associated with
such fires. CMA suggests the answer is no, and, accor-
dingly, concludes this regulatory initiative should be
abandoned until congiderably more information exists.

EPA believes that a health risk exists when a fire
occurs in the vicinity of a PCB transformer. It is con-
cerned that PCBs, dioxins and dibenzofurans will be released
and spread through nearby buildings. It has thus proposed a
variety of controls that EPA believes will make it less
likely that fires will get out of control or that their
combustion products will spread. As we have determined from

talking to companies within the chemical industry, and as
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EPA's economic consultants recognize, the expense involved
in EPA's proposals may lead many operators to choose retro-
fill or removal even if such actions are not mandated.
Thus, CMA believes that the practical impact of the regula-
tion will be a forced phaseout of many‘trinsforméguméuf-
rently in use. '
Serious guestions for which the record currently offers
no firm answers are raised:
-- Will fires involving transformers
be more, or less, likely should any

of these controls be imposed?

-- Will the consegquences of such fires
be more, or leas, dangerous?

-~ Will combustion products should a
fire occur be more, or less, dan-
gerous?
-~ What risks will be posed by the
storage and disposal of PCBs forced
out by regulation?
without answers to these guestions -- angwers that are not
at all clear today -- it is possible that the new EPA con-
trols will create risks that are greater than any risks EPA
hopes to reduce. I would like to review briefly each of
these gquestions to explain why CMA believes EPA may be
embarking on a potentially counter-productive rulemaking.
First, the record in this proceeding is woefully lack-
ing in evidence that any particular EPA solution will make

it less likely that fires will occur. As is well known,

PCBs were initially chosen for transformer dielectric use
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precisely because of their fire resistant characteristics.
Further, electrical specialists have for many years been
aware of the risk of fires with electrical eqguipment and
have thus taken numerous precautions through,thg'uattonal
Electric Code and other gﬁidance to,ﬁihiﬁize fire riskﬁ.

For EPA, whose expertise in electrical matters is
limited, to attempt to impose new regulations infeﬁdéd to
reduce fire risks creates the distinct possibility that wise
choices may not be made. As the many comments received by
the Agency over the past two months demonstrate, EPA has in
fact chosen electrical protective devices whose availability
and efficacy are guestioned by <1 ;xperts in the field. At
the game time, little data exist on the risks that alterna-
tive transformer fluids may contribute to the initiation or
spread of fires. In other words, the best protection against
fires involving transformers may well be continued use of
PCB transformers as they are used today. At a minimum, the
record does not indicate whether there will be fewer, or
more, fires if new EPA controls are promulgated. Nor does
the record indicate whether the isolation reguirement will
adequately contain the fire and combustion products for any
period of time; nor whether there will be more, or possibly
different, toxic combustion products as a result of EPA
controls,

Furthermore, some of the control measures suggested by

the Agency could increase other fire risks. For example,
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many building emergency systems depend on continued flow of
electricity to allow occupants to evacuate. Deenergization
meagsures that might be useful in limiting fires might at the
same time hinder building evacuation. Experts in electrical
degign and fire safety should be nakinéﬁdeéisibns in this
area. :

Third, EPA has focused all its attention on'th; pos-
sibility of PCB, dioxin and dibenzofuran contamination.
Even if the proposed regulations were to reduce spread of
these chemicals -- either through controlling fires involv-
ing PCB transformers or removal of PCBs from transformers --
the possibility remains that other combustion products will
be formed during fires and pose their own toxic risks -- risks
that perhaps will be more significant than those presented
by dioxins and by dibenzofurans. We do know that the record
demonstrates PCBs are not the source of dioxins, but we do
not know whether the regulations would reduce dibenzofuran
combustion products while increasing production and dissemi-
nation of other toxic compounds. Until all such risks are
assessed, no assurance will exist that removal of PCBs will
be beneficial.

Finally, if the EPA regulations do in fact cause sub-
stantial PCB removal from transformers, we must be concerned
with the fate of this fluid. As EPA's economic report
recognizes, a three-year phaseout is not a practica% alter-

native. Current approved PCB ininceration capacity in this
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country is already overburdened. What risk will be created
by the necessary handling and storage of PCBs until such
incineration capacity exists is yet another unexplored
issue. o

In sum, the record reveals an alarming ladk of daﬁa
indicating whether the proposed controls'vill in effect
reduce risks. We all can agree it is undesirable tb have
any transformers involved in fires and that it is desirabile,
should such incidents occur, that the fires be quickly con-
trolled and their combustion products handled. But, we must
also recognize that EPA should not impose new measures to
prevent such fires unless it is sure that those measures
will in fact reduce overall risks. 1If alternative wiring or
isolation protection creates new risks, or if alternative
fluids increase the risk of fire or the production of toxic
combustion products, the nation will not be better off.

As in EPA's prior PCB proceedings, the focus should be
on development of reasonable controls to limit human or
environmental PCB exposure. In this proceeding EPA has
ventured far afield into complex guestions of electrical
system design, building emergency procedures, relative risks
of a wide variety of chemicals under unusual fire condi-
tions, and, indeed, of fire itself. The resulting regula-
tory proposals thus raise more questions about potential new

risks than they answer about the risks initially perceived.
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CMA is concerned that the Agency may issue a regulation
whose risks are greater than its benefits -- without even
considering the costs imposed. We urge the Agency to recon-
gider and withdraw its proposal until it 9pt§ins.n more
substantial base of information upon which to”c;npare the

risks of various fire control alternatives.
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