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FOll!VOllD 

Today's rapidly developing .tnd chan~ing technolof.i.es <rnd 
products and practices freGuentlv carrv with them the increased genernc 
solid and ha::ardous wastes These materials, lf lmpropedv 111 

threaten both publi.c health irnd the environment Abandoned wastt> slt•s .1rd 
;1ccidental releases of toxic and hazardous substances to the erwit·onmPnt .1ls1) 
h;l\'e important environmental and publ le heal th imp l lcat ions The Hnz.udmt 
t.'aste Engineering Research Labo·atory a!ulsts 1n providing an authoritiltivf' •H\d 
defensible engineering basis for assessing and solving these problt'ms I ts 
p1·oducts support the policies. programs and regulations of the Environmenr;1l 
Protection Agency. the permitting and other responsibilities of State and loral 
~ov•rnments and the needs of both large and smal L hus in<'ss in h,1ndl in~, t IH" l r 
wastes responsibly and econom!callv. 

Thls report descril,tis the occurrence of polychlorlnAted dibE>n:::o·p·d 
PCDOs) an..:l polychlorinatl"d dibenzofurans (PCOfs) ln resi.dut·S foll 
ombustion or pyrol\·sis of dl.elt>ctrlc fluids containing pc>lvi:hl(H 

bl phenyl s ( PC8s) Data from labora torv experiments ,tnd ."Ice idPnt.1 
involving electrlcal equipment. have beer1 evaluated to det1?rmine reL1t1 
tflndencles for different dielectrlc fluld compositions to produce P::Oos Mld 

PCDfs under t:ombustion/pyrolysis condltlon" Tiut repurt wi.11 be useful to rt~•· 
(•lectri.c utility industry. the owners and insurers of electrical equipm•nt 
contalning PCBs, emergency response personnel and organizations responslbl• tor 

leaning or disposing of contamlnated material fol lo.,.•ing a fire. for fur~IH•L' 

i11formation. please cont.:>ct the Altttrnatlve Technologies Division of 
t1.1zar-'ous Waste Engineerirg Research Laboratory. 

Thomas R. Hauser, Olrector 
Hazardous Waste Englneerl:ig Researcli L1horatnt·v 
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ABSTRACT 

Dielectric f~uid"' ln transformers and capacitors often onta 11 

polychlor1nated bi.phenyls (PC8s) or chlorobenzenes These subst.:rnces 
generate polychlori.nated dihenzofurans (PCOfs) and polvchlori11:1te-d 
dibenzo-p·dioxins (PCDDs) under certain conditions of combust.ion nllvs1 
\..11•'n electrical ,•quipmePt containing these fluids Is involved in ;m ,H·ci ntcd 
fin>. the resulting smoke. soot, and residues m.1v be cont.1111inat""d ;dth P1 

PCDFs. and other chlorinated hydrocnrbons 

Thls rei:ort contains a review of several laboratory studies inve tig;it 1 
the sources of PCDDs and PCDFs ns well as :he conditions under whlch r aro 
formed. In addition, some data ftom sites of actual fire incidt•n s •ll'ti 

.1va ~lab le and are discussed. Chlorobenzenu and PC8s do not form PCDDs and 
PCDFs when hea~ed in the absence of oxygen. During fires. the dielectric fluid 
nf transformers or capacitors may be leaked or v•nted frcm ruptured casings. 

ith exposure to oxygen, PCBs can produce PCOFs and chlorobenzenes can produce 
PCDOs The particular isomers of PCOOs and PCDFs formed are related to the 
number of chlorine substituents in the reacting material. 

Thls report was prepared in fulfillment of Contract So 68·03·3259 
Technical Resources, Inc., Rockville. Maryland. under the sponsorship of rh<' 
l' S Environmental Protection Agency. This report covers a period from 
September 1985 to April 1986 and was completed as of May lQ86. 

iv 



3 

) 

Sot lee 
fore.,t0rd 
Ab;;tract 
Flgures 
Tabl<>s 
Llst of Abbreviations 

lntl·odu<.t on 
Summary and ConC"lusions 

CONTENTS 

Flre Incidents Involving PCB Transformers and Capacitors 
Con~amindti~n Cleanup Criteria 

PCDFs. PCODs and PCBPs from the Pyrolysis of PCB Fluids 
Formation of PCDfs f~om PCBs 
Formation of PCDFs from Polychlor1nated Benzenes 
formation of PCDFs from Chlorophenols . 
For~ation of PCDDs from PC8s 
Formation of PCDDs from Polvchlorlnated Benzenes 
Formation of PCDDs from Chlorophenols 

Contamination Sltuacions Involving PCDDs from PCBs and 
Chlo.:obenzenes 
PCDD Formation from l.2.4·Trlch 1 orobenzcme feedstock 

from Lindane Production 
PCDD Formation from a Pittsbur. ~ .. , Metal Reclaiming 

Facility 
PCOD and PCDF formation from Strandley Metal Recovery 

S 1 te . Purdy. \.i'A 
6. Ar.atysis and Evaluation 

Comparison of a eca Transformer fire with the 
Incineration Situatlon ..... 

PCDF and PCDD Level!: in PCB Tl'ansformers Under Normal 
Use Conditions 

Electrical Arcit.~ and r-:·.iu and PCDf Levels 
Correlation of Combustion/Pyrolysis Products Generated 

and Constituents of Transformer Flulds 

Refer'!nces 

v 

• l .. 



l 
~ 

3 

FIGLR!S 

Relationship Between the Vapor Pressures of the Solid 
and Liquid Phases at Temperatures T. the ~~ltlng 
Point <Tm>· and the Boiling Point (Tb 

Weight Percentage Yield of PCDfs us a Function 
of Oxygen Concentration 

Weight Percentage Yield of PCDFs as a function of Temperatur• 

1 Concentration of PCDFs Formed as a Function of PCB 
Concenrrat ion 

Concentration of PCOFs formed in PCB·Spiked Mineral 
Oil by Homolog 

6 Concentration of PCDFs Formed as a Function of Temperarure 

Concentration of TCDD Formed as a Function of Temperature 

8 Concentration of PCDFs Formed as a Functlon of Temperature 

9 Concentration of PCOFs Formed from Pyroly~is of Aroclor 1254 as 
a Function of PCB Concentration 

0 Concentration of PCOFs Formed from Combustion of Aroclor 1~5~ 

as a Function of PCB Concentration 

l l Concentration of PCOFs Formed in PCB-Splked Mlt~ral Oil 
by Homolog 

12 Concentration of PCODs Formed Versus Percentage of 
Tr1chlorobenzenes in Fluid 

13 Concentration of PCDOs Formed in Trlchlorobenzene-~piked 
Fluid by Homolog 

14 Concentration of PCDDs Formed in Trichlorobenzenes 
~y Homolog 

15 Concentration of PCDDs Formed ln Chlorobenzene-Spiked 
Fluid by Homolog 

vi 

so 



TABLES 

;:r~IBER 

l Flre Incidents Involving PCB Transformers r apacirors 
:ii nc e l ''7 8 

l !) 

l l 

Concentrations of PCBs. PCDDs. and PCDFs Found at IH11ghamton 
State Office Building Prior to Cleanup 

Levels of PCDFs and PCDDs in Soot from Accidental Burning 
of PCB-Containing Eleccrlral Equipment at Binghamton 

PCBs. PCDFs, and PCDDs in the Askarel Atter the Chicago 
Fire 

PC8s. PCDFs. and PCDDs in Wlpe Samples from the Interior of 
the Transformer Vault from Chicago Fire 

Analvsls of PCBs in Air Samples from School in lncinnati. 
Ohio 

Summary of PCB wipe Sample Results from Sc.:hool in incinnati 
Ohio 

Levels of PCDFs and PCDDs from the Accldentdl Burning of PCB· 
Containing Electrical Equipment at Boston. Massachusetts 

PCB Residues from a Transformer Vault Fire ln Miami. Florida 

Results of Analyses of PCDDs and PCDFs in Bu~k Samples of 
Residue from ~iami Transformer Fire 

Analysis of Yipe and Soot Samples from Columbus. Ohio Fire 

Analysis of PCBs in Wipe Samples from the Hlll·Murrav School 

ll Area Concentrations of PCBs and Chlorinated Senzenes dt the 
Hill-~urrav School 

lC. PCB and PCDF Levels ln Capacitors and Environmental S.1mples 
at Norrtalje. Sweden 

Concentrations of PCDFs Found in Samples from an Accidental 
PCB Fire in Stockholm. Sweden 

l~vels of PCQFs in wipe Samples fr t e Skovde Fi re 

l ' PCDFs found in Wipe Tests at Surahammu .. Sweden 

i 8 Levels of PCOFs and PCDDs in Soot S.1mples from Imt1tr;,, 
Finland Fi re 

lq Le,·el:. of PCDFs in wipe Samples from Hallst.1hammar. Swt>den 
Fire 

• ii 

. . 

.. 



TABLES (Continued) 

•10 Lt>vels of PCDF~ in Railway Locomotive in Swede:i 

23 

Levels of PCDFs in Wipe Samples from Kisa. Sweden Explosion 

Levels of PCDFs and Pcnos ln Soot Samples from Relms, France 
Explosion 

PCDF Levels in Other PCB Fires 

2~ C~~tamlnatlon Cleanup Criteria 

.~') Pvrolys ls of Aroclor l2S4 in Quartz !'Hni ·Ampoules 

~6 Thermochem caJ Convers:on of PCBs to PCDfs 

PCDFs Formed i• ~ombust1on Studies 

28 Relative Amounts of PCOFs Formed from PCB (Atoclor 12S4 
Pvrolsis an~ Carbon Filter !rom a itor fire 

?9 Concentrations of PCDFs Formed from the 8ur11ing of 
Askare l Ti 

10 PCDF Concentration Before and After Arcing of Aroclor 
1254/Trlcnlorobenzene ~ixture in Oil 

Jl PCDF Concentration Before and After Arcln5 of Aroclor 12~0 

in Oll 

32 ldenclflcatlon of PCDF and PCDD Isomers ln the Combined 
Chlorobenzene Pvrolyzate 

11 Formation of PCOFs from the Pvrolysls of Chlorobenzenes 

l:. Summary of Formation of PCDFs from the Pvrolysis of 
Chlorobenzenes 

Levels of PCDFs from Burning of Pent.1chlorophf!'nol· 
Contaminated Uaste 

6 Formation of PCDDs from the Pvrolvsls of Chloroben~enes 

' ' , Summarv of Formation of PCDDs from the 
Chlorobenzenes 

18 PCDDs formed in Combustion Studies 

rolvsis of 

}') Relative Amounts of PCDDs formed from Analysis of a PCB/ 
Chlorobenzene Mixture 

',n PCDD Conceutration Before and Aft•r Arcing of 
Trlchlorohenzene in Oll 

vi 11 



~l':18EB 

TABLES (Continued) 

Concentrations of 2,3, ,8-TCDD formed from tht> Burnin,r, 
of Askarel Ti 

• ~ Levels of PCDDs from Burning of Pent'lchlorophenol
Contaminaced Waste 

•3 Dioxin Isomers from Pyrolyzed HCCH Residues and 
Trichlorobe~zene Still~ottoms . 

~'"' Dioxin and Furan in Duse from Pittsburgh Area Metal 
Reclaiming facility 

,..5 SUJM1ary of Sample Results from Strandley Scrap 
Metal Site 

Summary of Sample Results fron. Strandley Site and 
Burley Lagoon . 

PCDD/PCDF Analvsis of Soil Samples from Strandlev Site 

PCDD/PCDF Analvsis of Various Samples from Strandley Site 

Vapor Pressure Correlations of Dlbenzodloxlns, Dlbenzofur3ns 
Xanthenes, and Anthracenes 

Average Total Congener Class Concentr.itions of PCDfs in 
Four In-Service OielPctric Fluids 

Analysis of fluids Involved in Transformer Fire Indd~nts 

2 Levels o~ PCDFs in Commercial PCBs 

Maxir11.un Weight Percenta~e Yield of PCDFs as a Function of 
Reaction Atmosphere 

),.. Amount of PCDf"s Formed from Pyrolysis of Aroclor 1154 

S Percenta;e of PCDFs F~rmed from Combustion of Aroclor l~>q 

Correlatlon of Analytica• Dat3 on Transformer Oil and 1he 
Generated Soot from the Binghamton. ~~· :ncldent 

1 )( 

I ..... _-._i_. 

' . 
I) 



BBR" , LUIONS 

A lP 

b p 

COD 
CDF 

ORF. 

EPA 
EPRI 

F 
f 

g 
gal 
l;C HR!iS 

:-1s 

tl1" 1'H 
~ip•'BP 

HpCDD 
HoCDF 
hr 
HRCf/:1S 
HxCBP 
HxC!)O 
Hx1:DF 

IAFF 

kg 

LIST OF A&Bll!VIATIONS 

American Conference of C:overnnic:>nt<al Industrial Hvgi<•ni';: 

boiling point 

centigrade 
chlorod1benzodiox1n 
chlorodibenzofuran 
ce11.:i~eter(s) 

squar~ centimeter(s) 

day SJ 

dichlorodibenzodioxin 
dichlorodibenzofuran 
Department of Health 
destruction and removal ef( ciencv 

Environmental Protection Agencv 
Electrl~ Power Research I~stltute 

Fahrenheit 
foot or feet 

gram(s) 
gallon(s) 
gas chromatograph/high resolution mass spectrom~c.-r 

gas chromatograph/mass spectrometer 

hexad irocvc lohf'xar.e 
hepta< lorobiphenylene 
he pt ac11 lorodibenzodlox l n 
heptachlorodlbenzofuran 
hour(s) 
high resolution gas chromatograph/mass spectrometer 
hexachloroblphenylene 
htxachlorodlbenzodloxln 
hexachlorodibe~7.ofuran 

International Associatln~ of Fir• Fighters 

kilogram(s) 

liter(s) 
pound 

meter(s) 
square meter(s) 
cubic meter(s) 

x 



· ~SRE\'lATIONS 

m,·t 
me l 

l 
m p 
~ono COD 
'lono CDF 
'IR l 

\Al'L 
~ ;) 
ng 
~.OSH 

OCDD 
O<:DF 

PCB 
PCBP 
PCOD 
PCOF 

·oPE 
p 
P'I 

00 
Pt>CDF 
pg 
PG&E 
pph 
ppm 
PVC 

TCDO 
TCOF 
Trl·COO 
Tri· ~:or 
TSCA 
!'WA 

LIST OF A88F !ATIONS (Continued) 

mlcrogram(s) 
rnlcrollter(s) 
mi 1.liliter(s) 
meltlng point 
monochlorodibenzodioxin 
monochlorodibenzofuran 
~idwest Research Institute 

non~queous phase leachate 
not detected or none detected 
nanogram(s) 
~Jttional Institute for Occupational Sitfl!t.V and Heal:h 

octachlorodibenzodloxin 
octachlorodibenzofuran 

polychlor!nated blphenyl 
polvchlorinat:ed blphenylene 
polychlorlnated dlbenzo 11..:>dn 
pclychlorinated dlbenzofuran 
polychlcrlnated dlphenyl ether 
pentachlorophenol 
polychlorinated pyrene 
pentachlorodlbenzodloxln 
pentachlorodibenzofuran 
picogram(s) 
Pacific Gas 6 Electric Company 
parts ~er billion 
parts per million 
polyvinyl chloride 

tetrachlorodibenzodloxin 
tetrachlorodib~r~ofu~an 

tr lchlorodlbt-n.zo.1 lox in 
trichlorndlhenzofuran 
Toxic .iubs: •ces Control >\ct 
t irne -weight, -- a lier•&" 

welght 

xi 



SECTION l 

REGULATIONS PERTAINING TO FC8s, PCDDa. ANO PCOFs 

[n August 1982. EPA decided ro pt>rmit the continued ust' of t"lt-n1 

:r.insformE>rs cont.1ining polvchlorinared biplu•nyls (PCl\s) l·.:is<>d on th•• t'!'pn :,d 

101<1 frequency of lee.ks and spills of PCBs from rh1s equipment: rel.iri\•e :u :!w 

high cosc:s of replacin6 or cut·inb tht"se tr<tnsformer<; t · 1 t \' r 

,1uthor1:::e <l use of PCBs providt>d th;H the USt' "w! 11 not rr•'S•'tlt .in \II' \" '""' 'I 

r i s k o f l n j u r v to he a l th or t he •' n v l r n 11111 .. n t " 

, · fl t l u <> d use of PC lh ot 1 t.un i 11. H "d t r ;111 s t n t 111« rs pp:n Pt'Bs 

: r.111!»fo1mers 10 ppm PC~s do not pn•sf'nt Hnr(>,1son.1bh• r sks t<' 

.rnd the t!'nvironment l 

l; .. ' 

:\ closer evaluation of the firt>·related lsks pose1 bv tlw -:ontinut>d 

.1, 

1!' 

of PCB transformers, and the costs and benefits of actions ~esi~nPd tn ~ 

those risks followed the lQ82 dt>tf'rmi.natlon 

t<,b(~r 11. 1984, concerning PCB tr,rnsformer firt"s EPA det,·rmi1wd t • ' 

11volving transfor.u~'rs containing :)00 ppm PCBs ;.>resent risks to lhw•.in 

.llld the environm€'nr 2) The +>xtrt>me toxicitv of matf'ri•lls which c.in Ii,· : •• , .. : 

during firf's in\'olving PCB tr,1nsformer.s, <rnd tht> pot<>nti<tl for hum.n: 11 

.. rwirornn.-ntnl f'xposures to tht>se compounds, contributt>d ~,1 EPA's propo~t·d :I. 

EPA .1lso determined that additional rt>strictlons on rhe us,:. ,q 

tr.:rnsform+>rs to reduce risk of. injury to health and the erwironm•'llt 

rranted There r ore. EPA pn)post>d .1ddi t ion,1 l regulatorv cont ro s 

11-.P of his equ1pment requiring 

• The uan1ediate registration of all PCB t:nrnsfoi·m.·rs wi h 
fire department jurisdictions .. 1nd the immt'di.Hf' 
lmilding owners of all PCB tr.1nsformers locatt'd in nr n•'.tr 

• Tht> immf'dLlte m.uking nf the exterior of th«> v.rnl r door. m.1chirw • 1. 

door. mt>ans of egress. or grate(s) accessing J PC8 transformer ~i: 
ld•ntiflcatlon labPls. 

• Thf' immediate removal of stor«>d combustibles from PCB tr.111 ... 1 r r 
loc,1t ions 



• The installation. by Julv 1. 1988. of .1dditlonal t•lt•cnic,d prot Vf' 

devlces on PCB tr:rnsformers ln or near bul ldings in hi st•cClnd.11 

voltag~ systems (4~0/27 volt systems). 

• The lsolation. bv Julv l. 1988, of all PCB transformers in or 
bulldi11gs from building ventilation svstems. buildin1~ ductwork .11.<1 

npenings in construction to reduce the will<·sprt».id co11t;1min.1t ion ot 
structurt"'s .1nd the <•rwi ronment by smokt> .md .... oot in ttw •'\'•'ll of .1 I'• 
tran~former fire 

In order to facilir:ltt' monitoring compli:mc.· 

~r;lnsformer owners maintain records of their efforts in isol.ttint~ tra11sfnrr1« 1 

through the comp let ion of PCB Smoke Spr«"ad Reduct ion Pl.ms ( PCB-SSRPs E!'A 

.llso proposed to require PCB transformer owners to take expedient u1<>asut«''> • 

contain pott>ntial water discharges. and to report .111 PCB transformer fire 

incldt>nts to the National Response Center before initiating cleanup efforts 

un <"'onsideration of the extensive coraments receiverl during tlw 

,01nmt•rt period for the Proposed Rule. EPA modified t:lw Fin.11 RulP 1·oncernin,~ 

• Ev.llu:nlon of tht> ust> of PCB tr,1nsfonn<'rs in or 1w.1r 
bui ldlngs s<>p:ll'.1tt>l:>' fro111 the us<• of PCB tr.111st<Hmt•rs 
commercial buildings 

. ' 

• Rel1.Hive probabilities of failures and fires ln diff'"'rent tvpes .. t !'• 
transformers installations . .,~.1cing more stringent con~rols or. ~hos,• 

transformers which EPA believes pose hlght1r risks of f.ll!ur,.,,,, .ind 
fires. 

• Increased emphasis on the prevention of PCB tr11,..sformer fi .. es th 
increased electrical protectio:'l, And decrease hasis on tht> us•' of 
isolation measures to rllnimize the spread<"' 1 ready formed .1ml r 
re leased contamh11> .cs 

On July 9. 198). fPA proniulgated its Flm1l Rule on PCBs in ··le·· 1., 

:r.rnsformers. the culr11nation of .1 long fact::·finding .rnd rul.-.-m.lk 

rlrnt bfl'gan shortly after the transformer fire .it tht> St.He Off it;,~ Bui l.ii1:1: 

l11gh.lmton. ~Y. Ffl'bruary '>. 1981 

conc«nt::t·at ion may be used ln transformers (other th.in ir. r;1i lroad loccmot i -, 

.111d sc>lf-propellfl'd rallroad cnr.s) subject to thP following conditions 

l l The ust> of 
tr.1nsfor1ners 
prnhlhit<>d 

h i g h e r s c> c o rH1 a r y v o l t a g <' ( _ .', R 0 v o 1 t s \ 1 it, ! "'" r I 
in or nP.1r comrnerci.11 hu! ldlngs .tftt•r nctob.·r I I'• 1 

2 

, ... , .. 



2) The instaltation of enhanced electrical protc>ction on lower sE-t:ond.1 
voltage network PCB transformers and higher s<~..:ond.uy voluHt,c• r.Hli 
PCB transformers in use in ·>r near corimH!rci,11 buildings ~:> requir.:d 
October l . 1990 

3) fun:her installation of PCB transformers in or ne.ir 
buildings is prohibited after October l, 198S 

0 

4) The registration of all PCB transf'lrmers with flre response P''l"!iG!HH"l 

and b11ilding owners ls required by December l, 198) 

5) The marking of the exterior of all PCB transformer location~: i<> 
required by December l, 1985. 

6) The remC1val of stored combustibles located near PCB t ransfounE,r!> s 
required by December 1. 198) 

Th;• final Rule also requires · •t owners of PCB transformers involved in 

fire·related incidents inunediately notify the National Response Center. and 

::ake measures as soon as practically ana safely possible to contain arw 

potential reLeases Qf PC8s or incomplete combustion products to water. (3) 

Thls final Rule does not spell the end of the issue surroundi11~ PCB fbi.ds 

ln electrical equipment Increased mediF. coverage of the problem of t 

ubstances generation in electrical equipment fires has prompted incr .. .i~nl 

public awareness. In i.'ashlngton. DC,. recently. fires Clr leaks im·0t·.· 

transformers in the Smithsonian Institution, the White House .. md 

Department of Health and HW11an Services received front-page attention in tht> 

i.'ashin&ton fQil. Additlon:.Uy, many utillths throughout the United Sr:.1tc 

have hundreds of thousands of gallons of PC8s in storage awaiting proper 

disposal. As some utility companies have discovered, improper dispos.tl c.111 

rE>:>ult in heavy penalties. In September 198S, the Potomac Elecrr 

<:omp.1ny (PEPCO) in lJashington. D.C . signed a consent decree with the Sc.it,• nf 

~arvland to clean up PCB contamination at a storage company to whom PEPCO '"l 

'') tr;msformers contaminated with PC8s. The cleanup effort is expected r:> co 

Pf.PCO from $1 5 to $3 m1lllon Furthermore, the i-.sue of PC8s·tt ~ •. .i 

Cilpacltors has not yet surf.iced in the United S::ates .1nd it is 1:ot ,·o\· .. r.d 

thf' Julv 9 Final Rule However. capacitor fires i.n SwE>den .1nJ Finl.1 

c "' r t a 1 n l y d raw n a t ten t l on t o th i s 8 re a as we l l . mo re o v c~ r . t hf' r ,, , 11 : 

transformer fire ln Reims, France. has no~ dispelled this concern 

3 



EPA has amended regulations for hazardous W<tSte m•ma~t>mt•11t und·· .,. 

R~source Conservation and Rec:overy Ace \RCRA ~by listing d~ 1.1curt~l'-' hd::.J ::. 

W<lstes certain wastes cont.tining particular polvchhlrin,it,'d dibE-n::o·p <I 

PCDDs). polychlorinated dibenzofur.1ns ~PCDfs), .:rnd chl"lrina .~d plwnols . .i 

sp<.?clfving manngernent stdndards for these wasres.< 4 > The nd ... promulf,·' ,.d 

.1nuary 14. 1985, defines certain waste streams as dloxins·cont,1min.Hed w:1stc

;:rnd thus, narrows waste treatment options to those approved for dioxins 1.·;i CP. 

EPA revoked the regulation (known as the "Ver tac Rute'') concerning tht> d I spos.1 l 

<'f .'.3.7.8-tetrachlorodibenzo-p-dioxin \2.3,7,8-TCDD) contaminated W<lst<>s u1:<1n· 

T5CA when the regulation under RCRA became effective on July lS. 198) 

This regulation proposes a degree of hazard approach for the di .., · 

cont.:imin.:ited wastes which prohibits their managen.ent at most types of in~ .. r 

status facilities Land disposal of these wastes must be conducted pursu,1nt to 

addltlonal special standards implemented during the course of the perrlit 

proceeding Since all of these wastes are specifically identified 

candidates for being banned from land disposal ln two years under the Hazardous 

and Solld IJaste Amendments (see RCRA amended Section 300'• (e)). EP:\ -. 

proposed an interim regulatory regime for their land disposal (5) 

The only interim status Ltcilities that 1\re permitted to .1cc.:,pt dt!.J i1 

contaminated wastes are. 

• Impoundments holding wastewater treatment sludges that ar<> cr.-.1t.•d i 
these 1mpoundment'> as part of the plant's wastewater treatment svs~»n· 

• Waste piles that meet the requirements of Section 264.250 (c rE'ff'rr-d 
to as •enclosed waste piles • 

• Tanks. containers, and certified lnclnerators 

• Certlfled thermal treatment units subject to regulation undE>r 
of Part 265. 

EPA mav also issue t>mergencv permits to faC'tlitif's to stor.• th•'"" .• 

in situations where there is no other re,1listic.1llv .1v,1il.1bl<• 111,111.1 1• 
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A waste manrgement plan is required by EPA to ensure, as much as possibl~ 

that these wastes aLe properly managed in ~ land disposal situdtion The 

will be the interim vehicle for assuri:ig individua\l::ed consider.1tion th.it ti:•· 

wastes will be managed safely The 1.aste man.:1gEiment t'lan should addr •. ·ss ~: .. ~,c,, 

volume. concentrations of CDDs and CDFs in the waste aerosol rtit.:ulatt' 

dispersion. volatilization of the taxi.cants of concern. soil atter:u<1tio11 

properties, waste leaching potential, and anticipated solvent co-di~pos~l 

The Final Rule prohibits combustion 

wastes in incinerators that have only interim status Interim st.1tus 

incinerators can burn the.>se wastes without obtaining a RCRA permit. if tht0' .ir<' 

certified by the Assistant AJ.tninistrator for Solid i.:aste and Emergency R,'sponse 

as satisfying RCRA standards for incinerators burnin& these wastes 

The hazardous waste regulations impose a more stringent destruct ion or 

removal efficiency (DRE) 0:1 incineration .:>f CDDs and COFs The new DRE 

<19 9999\, is tf'chnical ly feasible and has been measured at numt:rous 

inclnerators. 

This regulation defines RCRA ocute hazardous wastes and subjects them ~o 

special standards when land disposE>d, incinerated, or stored. One pan of t 1.
rule Ls intended to cover < bro:ad variety of dioxins-contaminated w,1stt!s th.it 

dre ldentlfled as EPA implemer s lts Dioxin Stratrgv 

this strategy. the Agency has established sevE>n 

In the implement.It i 11! 

categories or t i,'ra ot 

investigation. Tier 4 covers. combustion sources s~1ch as r11unic.:Lp.il 

hazardous waste incinerators. PCB transformer /capac 1 tor fires. n'!ac ti v.H i 

furnaces for spent granular activated carbon. ballers usir~ PCB .1 d 

PCP-treated wood, etc (6) Thus. this rule eventually may cover rt• 

materiab• g•ncrated in a PCBs transformer fire lf dioxins·conta111in.Hi,111 

determlned, or, in situations where dioxins are found with "PCBs w.1stt"" 

case ln point b the problem encountered by a waste 111anagement comp.rn\· 

Alabama. It accepted 40,000 gallons of "PCBs waste" from the:> llvch• .1 

Landfill in Niagara Falls, NY Since the waste contained > 501) ppin .•IL. 

this waste was legally a PCBs waste Unfortun,Hety. Alab.1ma Stat~~ .w:h1i: 

wt-re not informed via the forwarder's bi 11 of lading th.it the non.iqut.>nu 

lfrnchate (NAPL) contained 20 2 ppm 2.3.7,8-TCDD .1long with hundr<'ds nt 



hJlogenated organic and pesticldal residues and suhstanci~l ~uantiti~s ' 1 

l 000 ppm) of toxic heavy metals. As a result, several of the '•l stor.1ge .111ks 

.1t the waste management company's tank farl'I' became contaminated with dioxin ;.tn~i 

l :Z mi 11 ion gallons of PCBs wastes are now termed "dioxins '"'a~Hes." with no 

short·term solution in sight 

U.S regulations have focused on PCDDs and PCBs. 

t·egulat ion has been promulgated speci flc11lly for PCDFs. t:owever. if PCDDs or 

PCDF"s are founo in PC8s, dispoCJal options for PCBs could be further restrh.·~.:d 
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SECTION 2 

SUMMA.RY AND CONCLUSIONS 

An t-stlmated 7:.,000 tons of PCBs are stlll 1n ust- in t:.S. tr.H1sformers .ind 

capacitors. On July 9, 1985. the EPA promulgated its Final Rule cr1 PCBs it~ 

t>lectrical transformers. (3) This rule specifies that PCBs at anv conct:>nt r;1tlon 

may be used in transformers (other than in railroad locomotives .rnd s•· f. 

propelled railroad cars) subject to the following conditions: 

l) the use of higher secondary voltage (> '•80 volts) net•,..ork 
transformers in or near commercial buildings after October 1, 
prohibited. 

' . ' 

2) the installation of enhanced electrical protection on lower seconda 
voltage network PCB transformers and higher secondary voltage t«1dLd 
PCB transfC'rmers in use in or near commercial buildings ls required bv 
October l. 1990. 

3) fur:::her installation of Pl.8 transformers in or near cornm.•rci.1 
buildings is prohibited aft~r O~tober l. 1985 

4) the registration of all PCB transformers with fire·t·esvonsc per :.·, 
and building owners is required by December l. 1985 

S) the marldngs of the exterior of all PCB transformer location-; 
required by December l, 1985. 

6) the removal of stored combustibles located near PCB transform.~rs 
required by December l, 1985. 

There are still many uncertainties of the scope and nature of the hazards 

created in PCB transformer and capacitor flres One potential hazard is th.., 

generatlon of highly toxic substances such as PCDDs and PCDFs fro1n 

rolvsis of PCBs and chlorobenzenes. This report identifies 30 fire d~ . 

involving PCB transformers and capacitors ln the United States ;md :.-, " .. 

Europe. that occurred from September 1978 through February 198S 

questions are addressed in this study· 

Th<> f o 

• Are PCDDs and PCDfs formed ln PCB transform•·rs under norm;il op. r : 1:1,·. 

conditions" 

• How are the constitu.-nts of the transformer flui,Js rE>lated to tl1v i' 

and amount oi PCDD~ and PCDFs formed? 

• 1.'hat are the temperature and other ~eaction conditions th.it t.1-.·ni

formatlon of the PCB combustion products? 
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The July 9. 1985 rule provides for a gradual pha~eout of some PCB 

transformers while recognizing the potential for additional fire accidents in 

the interim. Moreover, PCB capacitors are not covered under the July 9 198 

rule and, since they have also been involved ln fire incidents, capacitors are 

potential release sources for PCl\s and co1Dbustion -products into the 

••nv i ronment 

This repor\. presents and evaluates the available literature ,1nd publ!.~h,,d 

dat<i on analyse-> of transformer fluids and soot generated in fires E·:t'n 

though there have been at least 30 repo::ted incidents, a wide variet·1 f 

problems that hinder the .malysis and evaluation o! the data remain. including 

• Ltmitation of AnalytL~al Oat~. v ... y few analytical data have been 
generated for ee.ch PCB fire incident. Bec-ause of the high cost of 
isomer analysis and the large number of isomers that characterize the 
PCBs. PCDFs, PCDDs, anG PCBPs, few analyses are actually performed for 
any specific isomer in the aftermath of a PCB fire incident. 

• Differences in Sa11pUog and ,\nalytlcal Protocols. Sampling ;rnd 
analysis protocols for contaminants generated in transformer fires are 
not yet fully standardized, and thus a wide variety of sampl ln~ ,rnd 
analytical methodologies are often employed Some d.'lta are b,1st"·d <rn 
the analysis of soot and are reported on a weight/weight basis h• 
data are based on the an,1lysis of wipe 1iamples and reported on .1 

\olelght/area basis. Thus, it is very difficult to comp1He onE- tir.: 
incident with another. or to evaluate the significance of the rldtd i 
one incident relative to that of another. 

• yck of Backuound Data Very few background data are avail1ble on 
(a) composition of transformer fluids and, (b) composition and levels 
of PCBs, PCDFs, chlorobcnzenes, ~nd PCDDs ir the environment. 

Despite these problems, the fo!lowlng conclusions m,1y be mt1df' fro1n 

Jnalvsls of the data from the literature on PCB transforme1 fires 

l) PCDFs and PCDDs are not formed in transformers containing PC~s 

normal operating conditions. Their formation 1·equlres 
stressful condltlons and the presence of oxygen. 

2) Electrical arcings if' transformers do not lead to the fnrm.1 i 
PCDFs and PCDDs 

)) A temperature zone between 600°C and 680°C may be regarded as op:i 
for the formation of PCDFs 
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4) The amount and the specific PCDF isomers formed are rcl.atE-d to r h 

concentration of and type o~ ' homologs in the transformer fluid 

5) Chlorobenzene diluents in ·he transformer fluids are requl red for 
form1ttion of PCDDs 

The 8inghamto;1, NY transl, •r fire accident was the first to ,1pturP 

mJjor mf'dia and scientific attenti• 1 In that fire, oath PCDDs and PCDFs were 

[o;.ind in the generated soot. leadi. ,, to the concern that these compounds wpre 

being formed in situ in PCB transformers an1 capacitors under normal opera:-.ing 

conditions The available evtdence does not support this concern Ati.1 l 

conducted by Electric Power Research Institute and EPA of samples of diel :ri~ 

~luids taken from 111 ~<?rvice transf.>rmers .u.d capacitors and those in-iol•:.,d 

[ire accic!•nts showed no appreciable difference in PCOF values from "' k 

maredal. No PCDDs were detected Under normal use conditions. it due t 

appea: that PCDFs arf generated to any significant extent in the cransfo r 

Correspondingly, a second concern was whether PCDDs and PCDFs are form~d 

during electrical discharges associated with transformer performance To 

nvestlgate this issue. experiments involving the arcing of electric~ ~~ 

rhrough various transformer fluids were performed There was no apprec L1hl.:: 

dtfference in PCDF levels before and after electrical arcing. The supposi~i•H 

is that the level of oxygen ls very low in the transformer and. th1.1s. (fo,~!:. nn:: 

offer the environment for combustion resulting ln the formation of PCDF!:. .111d 

PCDDs 

The amount and the specific PCDD and PCDF isomers formed n ;1 

transformer fire appear to be related to the concentration of and tvpe 

homologs in the transformer fluids This supposition is supported hv 

es im.1tions on the boi:ing points for dioxins and furans that indicate th.it Ji,. 

holllng temperatures for tri·CDDs and trl·CDfs and the h:gher chlorinated PCDDt: 

.rnd PCDFs range from 3JS0 c to 537°C. A first approximation of the tlwnn11· 

dynamic conditions would favor the formation of tri· and higher chlori h'd 

PCDFs , .. d PCDDs Combustion studies conducted by EPA and EPRI als<, prov d,, 

evldenc• that the concentration of and type of PCB homologs in thr tr~ns[ 

fluids are probably related to the amount and the specific PCOD .1ml 

isomers formed in a PCB tran!.former fire.(7.S) Th€' EPA studv lndi 

ch,H the optimal conditions for PCDf formation from PCBs are <1 tempt' Lit r•· t~• n 
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675°c and a resld~nce time of 0 8 second or longer. TtH• EPR I 

demonstrat•d that tetra· and penta-COF ylelds are roughly proportional t 

concentratlons ln the starting materlal. but it indicated that signifi <mt 

dibenzofuran desrru~tion begins to occur at approximately sso0 c.<l.8) 

A final issue pertains to the question of the use of d~luents in 

transformer fluids. Of the 30 reported fire incidents involving PC& 

transformers and capacitors. unequivocal evidence of PCDOs formation was fou11d 

only in the Binghamton, NY fire. The Binghamton, SY transformer cont.:1i1wcl 

chlorohenzenes as a diluent. adding to the evidence that the pyro ysis of 

chlorobenznn~s leads to the formati~~ of PCDDs Such evidence has also h<>en 

found in chemical manu~acturing processes and in metal recovery sites involving 

PCB transformttrs. ChlorolJ~nzenes should be care full v evaluated for use M 

tr~nsformer fluids or diluents. 
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SECTION 3 

FIRE INCIDENTS INVOLVING PCB TRANSFORMERS 

AND CAPACITORS 

PCBs have been used extensivt>ly as dielectric fluid in cap.1cit.c1rs .md 

transformt>rs since the 19'.:>0s An estimated 74.000 tons of PCBs .::irt> sr.i:l in 

use in U S. transformers and capacltors. <9 > At least 30 firl' inciden-

involving PCB transformers and capacitors have occurred in the p.1st 

T,lble 1). These fire incidents can be divided int, three categories· P•.B 

firf's with mineral oil as thE' external energy source; (2J PCB fir~s ·.:it.h 

f'lectrical energy as the externdl energy sourc@, <tnd (3) explosions B 

filled capacitors 

section 

The fol lowing fires are discussed in more deL1i l 

• Binghamton. New York 
• San Francisco. California 
• Chicago, Illinois 
• Cincinnati. Ohio 
• Boston. Massachusetts 
• Miami. Florida 
• Columbus. Ohio 
• St Paul. ~lnnesota 
• ~orrtalje. Sweden 
• Stockholm. Sweden 
• Skovde. Sweden 
• Suraha11U11ar. Sweden 
• lmatra. Finland 
• Hallstahammar. Sweden 
• Railway Locomotive. Sw<>den 
• Kisa, Sweden 
• Reims. France 
• Other fires 

The finding of PCDFs and potential generatlon of PCDOs from askarvl' 

~h<•rm~d conditions may i11fluence stritegles for mitigt1t ing .rnd cnn:rn: 

hlorin,\ted dioxins and furans ln thti nation's en\'ir0nmt•nt 

combustion products have complic<lted cleanup procedure<; fot· bui ldi 

fires involving PCB transformers and capacitors The analvsis ot soot 

from .1ctual PCB transformer 01· c.1p 

pr .... sence of PCDF's. and. in at le.1st two 1ncide11ts. th<• prest•nce nf Pi 

l l 
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Table 1. Fire Incidents Involving PCB Transformers 
or Capacitors Since 1978(9.10) 

LOCATION DATE 

·~---------~···~·~·~······ 

~orrtalje. Sweden 
Cincinnati, Ohio 
81 ~hamton, New York 
Stockholm, Sweden 
Danvlken, Swed~n 

Boston, Massachusetts 
Skovde, Sweden 
Miami. Florida 
Arvlka, Sweden 
Sc Paul, Minnesota 
lmatra. Finland 
Helsinki. Finland 
Surahammar Sweden 
Hallstahammar. Swe· en 
Rallwav Locomot 1 ve, Sweden 
Kaukopaa. Sweden 
Kisa. Sweden 
San Francisco, California 
Halmstad. Sweden 
Chicago. Illinois 
Bofor~. Sweden 
Columbus. Ohio 
Sodertalje. Sweden 
Finspang. Sweden 
Hof ors. Sweden 
Vetlanda, Sweden 
Reims. France 
Oslo Lysverker. Norway 
Sandnes, Norway 
Raufoss. Norway 
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3eptember 25. 1978 
December 3, 198G 
February 5, 1981 
Ausust 25. 1981 
1981 
January 1982 
March t9. 1982 
Aprll 13, 1982 
Hay 1982 
June 22. 1982 
August 3, 1982 
August 1982 
September 23, 1982 
No~ember 8. 1982 
Winter 1982/83 
1982 
April 25. 1983 
Hay 15, 1983 
August 15. 1983 
September 28. 19S3 
December 21. 1983 
March 1984 
April 27. 1984 
May 24. 1984 
September 13. 1984 
October 10, 1984 
January 14, 1985 
January 1985 
Februarv 1985 
February 1985 



!3 rnehamron I ,Vey rork 

On f'ebruar:; 5. 1981. a fire broke out in r:ie b,isemenr mechanica' t·oo1P 

rhe 18-story State Office Building in Binghamton. Sew ~ork The switchgear in 

che mechanical room was 10cated adjacent to two electrical transformers filled 

with 1.060 gallons of Pyranol, a nonflammablt> insul.1ting oil Electticai. 

.lrcing from the switchgear ignited insulation around one ot th trAnst()nn.,rs 

Several explosions were heard from the machine room and. before the "'l~ctri al 

power could be switchf'd off 

c r ,rns former The heat from the firt' cracked a C••t«1mi'~ bushing trn otk 

tt·ansformers and .1pproximately UW gallons of Pyr:mol 16 \ .\roclor 12 .ind 

chlorinated ber.~enes) sprayed onto the floor and into :he hoc switch~ear 

Immediately following the fire and before the extent and n.HurP of the 

contamination was known. more char. 300 people reentered the bul lding to help 

with the cleanup or to retrl•ve doc11ment:s and personal effects 

$1 billion in lawsu1.ts hav~ bPen filed .n the names of 23 !ndh•iduals :md 

~roups •tgainst the state, most flled by hr• fighters 

helievt> thev were exposed are beln.,; monitored, 

Some SOO pe• pl e ·ho 

The ~ew York Office of General Services bt!gan an immediate clem\lp ot 

building. ~embers of the cl,.anup crew ~"·eloped skin rashes and on Fehr :,n": 

26. cleanup was halted when the presence of Pt.Dfs .111d PCDDs w.1s di c:cn· .. :.•d 

A n ,1 l y s i s o f s o o t s amp l t' s rec o v e red f r om the bu i l d i n r, r <> v e .1 l .. <I 

concentrations of PCBs and ~he presenc.- of ten different pol\'chlorin.1t.·d 

dibem:ofurans. dibenzo·p·dioxins. and blph~nvlene<> .it lcn.:er concen~r.Hi 

P<:!~ 2.3.7.8-TCDD. and 2.3 .. 8-TCOf wer.- found throughout the ln1i 

n.tlvsls results are summarized in Ltbles J. :rnd Tht> t () .I I 

Pm:entrati.ons in the soot were Lnitlallv reportf'd to bt> .is hi 

I'• DDs 10 · 20 ppm. and PCBs 100. 000 · 200. 000 ppm It l.!,lLl"' 

Solld w,1ste disposal from the slte had rf>.tcr1ed ,1 tot;tl of .. , 

vnrds of material by ~ebruatv 1985 

wer«> buried In an approved secure landflll sitP 

tht> building was remov,~d. destroved .rnd buried. nnd wi 11 havt> to be repl.1,·1 

I J 
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Table l Concentrations of PCBs, PCDDs. and PCDFs Fo ~ at Bl 
State Office Building Prior to .eanup ll,12) 

SAMPLE LOCATION TYPE OF SAMPLE 

•'.(lmpos i te (throughout: 
bullding) 

Compo•; 1 te 

Composite 

-::ompos i te 

.:h and 7th floor 

··h and 7th floor 

Air ducts 

Interstitial space 
above ceiling levels 

Exposed horizontal surfaces 
(desk tops, floors, 

Air 

Air 

Air 

Soot 

Soot 

Soot 

Soot 

Soot 

Soot 

stlls) Soot 

Exposed vertical su(fdces 
1w1lis. desk sides) Soot 

t'nt-XJJO!U!d h'>rizontal 
s~rfaces (inside closed 
file cabirets and desk 
drAwers) 

xposed vertical surfaces 
Inside closed cabinets 

<lnd drawers) 

rl'ge and ::m! ·base111ent 
floor~ and surf ~ce 
areas 

SoCJt 

Soot 

Soot (swab) 

CH!KICAL 

PC8s 

2,3, 7,8·TCDD 

2.3. 7,8·TCOF 

2.3. ,8·TCOD 

.! • 3. .8·TCCF 

2,3, .8-TCOD 

2.3.7,8-TCOF 

PCBs 

l'CBs 

PCBs 

PCBs 

PC Boe 

PCBs 

PCh 

CONCENTRA'fION(AVERACE) 

l.48 mcg/m) 

0. 3 ppn: 

21 ppm 

3 'l ppm 

200 ppm 

2·S ppm 

300 ppm 

156-1200 me 

) 

1995 mcg/m" 

) 

162. 18 mcg/rr 

·~ 

6 76 mcg/m· 

74.47 me 

0.61 me 

•. ~--·------------~------------
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Table ). Levels of PCOFs and PCDOs ln Soot from Accidental Burni 
of PCB-Contalnlng Electrical Equipment at Bingha1111ton(l3,l 4 l 

ISOK!llS 

Tot.:al PCDFs 

T<Hal Tri ·CDFs 

Total Tetra·CDFP 
,
1

, 3 .. S·Tetra·CDF 
Other Tetra-CDF Isomers (6) 

Total Penta·CDF' 
l.3.4.7,8-Penta·COF 
l 2.4.7,8-Penta·CDF 
1.2.4.7.9-Penta·COF 

2.3.7,8-Penta·CDF 
I !.3.6 7-Penta·CDF 

. . 6. 7 8 ·Penta· CDF 
' l ... '.,. . 8 · Penta·CDF 
' J.~.6.7-Penta·CDF 

her Penta·CDF Isomers (12) 

Total Hexa-COFs 
l 2.l.4,6,8·Hexa·CDF 
l.l.4.6,7,8-Hexa-COF 
1.2.4,6,7,8-Hexa-CDF 
l 2 3.4,7,8-Hexa-CDF 
l.L,3,6.7,8-Hexa·COF 
l.2.l.6,8.9-Hexa-COF 
2 3.4.6.7,8-Hexa·COF 
Other Hexa·COF Isomers 

Total Hepta·CDfs 
l 2.3 4,6,7,8-Hepta-CDF 
l. . 3.4.6,7,9-Hepta·CDf 
1.2.3,4,6,8,9-Hepta·CDf 
l 2 3.4.7.8,9-Hepta·CDF 

ta·CDF 

Total PCDDs 

Total Tri·CDOs 

Total Tetra-coos 
• 3 . 8-Tetra-CDD 
: her Tetra-COD Isomers ( 4) 

15 

AMOIJNT (ppm) 

1163 

:?8 
12 
16 

670 
65 
25 
n 

310 
60 
25 
48 
12 

110 

965 
50 

1 
0 

'.:>10 
150 

58 
10 

250 

460 
230 
120 

55 
55 

40 

20 

l 2 
0 6 
0 6 



Tabh 3 Levels of PCDfs and PCDDs ln Soot from Accidental Burning 
of PCB-Containing Electrical Equipment at Sl on (Continued 

ISOMERS 

Total Penta-CDDs 
l.2.3,7,8·Penta-CDD 
Other Penta·CDD Isomers (7) 

Total Hexa·CODs 
1,2,3,4,6,8-Hexa COD 
l.2,4,6,d,9·Hexa·CDD 
1,2,3,4,7,8-Hexa-CDD 
l.2.3,6,8,9·Hexa-CDO 
l.2.3,7.8.9-Hexa·CDD 
1.2.3,4,6,7-HeAa·COO 

Total Hepta·COOs 
1.2.3,4,6,7,9-Hepta·CDD 
L 2. 3. 4, 6. . 8 ·Hep ta· COO 

Octa-COO 

AMOUNT (ppm) 

5. 0 
2 5 
7.5 

'• . 7 
1.2 
1. 2 
0. 7 
0.6 
0.4 
0.5 

7 
4 
3 

The bullding is scheduled to be reopened during the summer of 1986. h\' · .• ·hi h 

tlme the co1t of the cleaning operation ls estimated at close to $22 rnilli 

whlch exceeds the building's original cost of $20 millicir1 £stim<1tcs t the 

.::ost of tearing down the building. safely disposing of the co11tarrin.1!t·d 

materials. and erecting a replacement bui!ding. reached as high .1s $1 

million. 

Reoccupancy of the building is based on an exposure assessment c:1rr i<'d rn1~ 

the Bureau of Toxic Substance Assessment of the New York State Depdrt 

Health. The contamination cleanup crltcria est blished by the expert .1dvi 

pmu!l was lU pg/1113 of 2,3,7,8-TCOO equivalents in the <Jir of the buildinf .. wd 

1 of 2,3,7,8-TCDD <?quivalents present on sur!".:ces (l">) 
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San francisco. CalLfornLa 

On the morning nf Sunday, Hay 15, 1983, an electrical fire of un!rnown odgw 

occurred in an underground tran~forur vault located at One !iarket Plaza in s,rn 
Francisco adjacent to a 28-story high·rlse The vault. located hene.irh .i 

sidewalk manhole grate, contained three Pacific Gas and Electric Companv (P\:6E 

transformers and associated network protection equipment Each of the rhrt·<· 

transformers was filled with approximately SlS gallons of PCB fh1id \ 100*< 

Aroc lvr 1242). 

During the course of the fire, a coollng fin on one of the transformers was 

damaged, resulting in the release of Approximately 50 gallons of PCB f uid 

The f lre burned and smoldered for approximately 8 hours after discovt•r:1 

s~bsequent sampling of the building and surrounding area indicated that PCBs 

and by·products of PCB combustion had been released through the side- 1o1.1lk 

grate, through conduits into the building's switchgear room. ,rnd th 

disccntinuities in the vault wall into an adjacent basement gar.1r,<' The 

ventilation system serving floors B·2 through 6. which draws air from ,. i t 

ne.u the switchgear room. was also shown to have surf1ce contamination of PC&!> 

and combustion by-products 

Samples taken and analyzed after the incident revealed that the trans· 

former oil involved was 100\ Aroclor 1242 and contained nl') chlorobenzenes 

Sampling for PCBs and tetrachlorodibenzofurans (TCOFs) ln the vault .1fter the 

fire and prior to cleanup revealed the following (highest recordt-d 

contamln3tion levels:(lS) 

Sample 

Soot from manhole cover 

~lpe sample from floor 

Soo: from vault wall 

~ 

110,000 ppm 

910.000 mcg/100 cm2 

l S o ppm 

Anal)·sis revealed 2.3.7,8-TCOD in a concentration npproximatelv 1 or 

that detected in soot of the Binghamton State Off tee 8ui1Jing. 0 6 ) 

l 7 



Approximately 4,000 air samples were taken in various locations inside and 

outside the high·rhe tower to monitor decontamination efforts The t1ighest 

air concentrations were measured in the vault: the second highest conce1:-

trations were found in the switchgear room, adjacent to the vault. Prior to 

cleanup, air samples in the vault revealed PCB levels up to 1.500 mcg/m3. and 

alr samples from the switchgear room showed PCB levels up to 98.6 me 3 Th.:· 

highest level outside the vault and switchgear room was found in :1 stor.1,:,<· 

room, where a lev~l of 12 mcg/m3 was measured. 

Chtcaio. Illinois 

On September 28, 1983, an electrical fire in an underground PCB trans -

former vault forced the precautionary evacuation of a Chicago office bulldlng 

The fire was caused by a 480 volt fc1ult and resulted in the release of lS 

gallons of oll from one of four transformers in the vault 

composed of 65\ PCBs (Aroc lor 1260) and 35\ trlchlorobenzene. 

The oil w.is 

PCB contam· 

!nation was limited to the vault. an adjacent fan room, underground garage. 

vault exhaust, sidewalk grill, and external face of the building. Analvsis of 

the oil remaining after the flre revealed the presence of PCDFs and PCOO!> A 

square foot (l ft x l ft) wipe sample of soot on the vault ceiling con .lined 

PCDFs and PCDDs. The results of the analysis of the oil and soot arE> pres(,nted 

ln Tables 4 and 5. 

Clncinnac;.. Obl.o 

On December 3, 1980, a capacitor containing PCBs for an electric motor ln 

a unit heater overheated in a basement storage room of Our Lady of V 1 s i t.H ion 

Elementary School in Cincinnati, Ohio. (18) The capacitor was used ttH" 

one·half horsepower electric motor in the unit heater The motor's capacitor 

contatned a deaign specification dielectric fluid volume of 22 ml. of 1,ih ch 

99 6\ by volume (or 21. 91 ml) was a biodegradable fluid and 0 4\ by vol um«> or 

0 088 ml) was PC8s (Aroclor 1254) On March 18. 1981. the National Insrlru::.~ 

for Occupational Safety and Health (NIOSH) was requested by the Hamilton Countv 

Heal th Department to determine the extent of PCB contami.nat ion of thE> schon l 

Air and surface wlpe samples were obtained throughout the s':hool bui ldlnt~ 011 

~arch 19 and 26 to determine the presence of PC8s. 
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Table 4. PC8s, PCDFs, and PCDDs Ln the Askarel 
After the Chicago FirJ17) 

ISOK!llS CONCENTRATION (ppb) 

PCBs 650,000,000 

PCDFs 

2,3,7,8-TCDF4 

lutal tetra
Penta-
Hexa-
Hepta· 
Octa-

Total PCOFs 

PCDDs 

2,3,7,8-TCDD 
Total tetra· 
Penta· 
Hexa-
Hepta· 
Octa· 

Total PCOOs 

.3.7.8-TCDF and co-eluting Lsomers. 

75 
230 
440 
980 

1,850 
l,600 

5, 100 

N 0 b (2 5) 
N.D (2.5) 
N.D. (2.5) 
N D (3 0) 
N.D. (2 0) 
8.0 

8.0 

h~.D - Not Detected; detection limits in parentheses. 
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Table S. PC8s. PCOFs, and PCOOs ln Uipe Sa111p les from the 
Interior of the Transformer Vault from Chicago Fire ll) 

ISOKnS 

PC8s 

PCOFs 

2 . 3 • 7. 8 · ','COFh 
Total Tetra
Penta· 
Hexa· 
Hepta· 
O<: ta· 

Total PCDfs 

PC ODs 

2 • 3 • , 8 - Tcoo 
Total Tetra· 
Penta-
Hexa· 
Hepta-
Oc ta-

Total PCDDs 

20.900.oooa 

3,800 
28,000 
40,000 
33 .ooo 
11. 200 
l. 238 

113 4)8 

~Lo.c 0) 
N.O. (5) 
N.D. (25) 
N.O (SS) 

314 
127 

441 

4 PC8s from wlpe of vault wall; PCOFs/PCDDs from wipe of vault celling. 

b2,3,7,8·TCOF and co-eluting isomers. 

cs.o • Not Detected; detection llmlts ln parentheses 

20 



Airborne PCB concc. .. trations were reported as 11lcrogr<1ms (mcg) of PCBs per 

cublc meter (m)) of :1lr sampled. As seen in Table 6, PCBs were not detected in 

air samples obta1ne.:1 in the basement storage room nor in .1r.other room testf•d 

These results were as expected, based on the extremely low vaporization r.HP 

(0 000052 g/c1112/hr at l00°C) of Aroclor 1254. 

Wipe samples of surfaces ~ere obtained by wiping an area of approximatelv 

100 cm2 using a Whatman smear tab moistened with pesticide quadty cvdo· 

hexane. The samples wer ! extracted using toluene and analyzed llsing the 

procedure used for the air sampl•s. The presence of P~Bs was reported as mcp, 

per 100 cm2 of surface area. As seen in Table 7, samples obtained from the 

floor, ceiling, desk. and bookshelves in the basement storage room (Room V 

showed a surface presence of< 0.05 to 7200 mcg PCBs/100 cm2 (< 5-720,000 me 

m2 ) Background levels of PCBs on surfaces ln the school showed a presence of 

< 0 05 to 0.45 mcg PCBs/100 cm2 (< 5-45 mcg/m2) Surfaces tested in buildin&s 

ln eastern. central, 11nd western Cincinnati showed a background presence ot 

< 0 05 to 0.13 mcg/100 cm2 (< 5-13 mcg/m2) 

The two wipe samples with tt.e highest concentration of PCBs '..:('re .ilso 

.rnalyzed for PCDDs and PCDFs with special emphasis on the 2.3.7,S·isomers. :.:o 
dibenzodioxins or dibenzofurans were detected in either of the samples Tht' 

lower limits of analytical detection using this method •ere 0.10 and 0.09 inc 

100 cm2 sample, respectively. 

The Health Commissioner of Hamilton County offered the fol low 

recommendations to the school: 

l. The concentration of PCBs on surfaces ( i. e . floor. desks. 
shelves) in Room 27 should be reduced to background levels. 
< 0.5 mcg PCBs/100 cm2 surface area (50 mcg/m2). 

2. Other than Room 27. no rooms require decontamination 

The school was reopened in all areas except the wing containinF; t 

contaminated storage Room 27 ar.d nearby cla8srooms 24. 25, and 26.<1 8 > 
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Table 6 Analysis of PCBs in Air Samples from School ln Cincinnati. Ohio<lS 

·-------~~----~~~~--------·~·---

SAMPLE LOCATION 

Inslde heating unlt on flo~r (Room 27) 

Center of room on bookshelf 

Principal's office 

VOLUME {L) 

43 3 

34. 7 

AIR SAMPLE 
L£V£LS 

N D a 

N 0 

N D 

3 N D. or Not Detected means that the PCBs were not detected at the lowest 
level (< 0 05 m~g/sample) capable of being measured by the analytical method 
equlvalent to an airborne concentration of approximately < l mcg/m3 for these 
samples. 

Table 7, Summary of PC88 Wipe Sample Results from School in 
Cincinnati, Ohto<l8) 

PCBs LEVEL (mca/100 cm2) 

NUMBER OF 
SAMPLE LOCATION SAMPLES MEAN RANCE 

Room 27 (Basement location)b 20 771 < 0 05-
Room 25 4 0 08 < 0 05-0 14 
Room 24 3 0 05 < G.0r>-0.06d 
Room 26 3 < 0.05 < o.ose 
Hallway between rooms 24-27 4 0.05 < 0.05-0 07 
Room 8 4 0.06 < 0.05-0 08 
Room 22 6 0' 11 < 0.05-0 29 
Room 9 2 0. 11 < 0 05-0 16 
Room 10 4 0' 12 < 0.05-0 20 
Room 11 2 0 09 < 0.07-0 11 
Room 12 2 0.08 < 0.06-0 OJ 
A.V. room 4 < 0 05 < 0.0'> 
Prindpal's office 3 0.21 0 05-0 45 
~obile classroom 2 0 06 0.06 
Background level (3 locations) LO 0.07 < 0 05-0 l3 

8 Reported as Aroclor 1254. 

bRooms 27. 25. 26. and 24 were all in the basement 

CA < value means PCBs were not detected at detection limit 

dExcludes sample taken on capacitor surface showing PCB presenc:<> of ,:, 1 11,., •. 

100 cm2. 

eExcludes sample taken on capacltor surface showing PCB prese11ce of 3 •:·c.-. 
100 cm2. 

22 



Boston. Nass•;husects 

In January 1982, an electric.il fl re lnvolving a transformer cont,1 11r. 
Aroclor 1254 occurred in a government office facility in Boston, Massachusetts 

One bulk soot sample was spiked with 200 ng d12·chrysene and was then Soxhlet· 

extracted for 24 hours with hot toluene This extract was decanted .tnd labeled 

fr.action l. Hore hot toluene was added to the sample for an adoition,11 

l4 hours. The extract was labeled fraction 2. Both extracts wen~ anal 

70\ of the d12·chrysene was recovered in fraction l 

concentrated. Fraction l required multiple HRGC·HS analysis becaust• of 1.ts 

complex component:s. PCDFs were confirmed in fraction 1. These results are 

shown in Table 8.(19) 

tHami.. Florida 

On April 13, 1982, '1 fire involving an electrical transformer occ• rred in 

an underground vault in !'tiami, Florida. (20) The International As!'ociation of 

Fire Fighters (I.A.F.F.) requested NIOSH to perform analyses of surface samples 

it1 order to determine if f1 re fighters had been exposed to PCBs or other 1ror ... 

toxic decomposition products such as PCD~s and PCOFs 

In these analyses, NIOSH collected sampi~9 using two different methods 

Wipe samples were collected u!ling sterile cotton pads saturated with hex;rnt

from sample area~ with an approximate size of 100 cm2. Surfaces thought to be 

less heavily contaminated were wiped with dry \Jhatman smear tabs. 

Table 9 pr*' ·•nts the results of the surface sample analyses for ?CB con 

tamination. Samples taken within the vault showed the heaviest contamin~t 

ri..1rnout coats and other personal protective equipment were not found to h,• , 

taminated (probably due to the decision to allow the fire to self·extin~1d 

The only contaminated equipment at the 9tatlon w4s found to b@ th,• 

ejector fan. R~sults showed PCB contamination of > 31 me 100 cm2 Pl'l"\'I 

NIOSH investigations indicate normal background levels for PCBs 011 

contaminated surfaces should be less than 0.5 mcg/100 cm2. (20 
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Table 8. Levels of PCOFs and PCOOs from the Accidental Burninf cf 
PCB-Containing Electrical Equipment at Boston, Massachusetts< 9) 

ISOMERS 

Total PCDFs 

Tot:a l Tri· COFs 

Total Tetra·CDFs 

2,3,7,8-Tet:ra-CDF 

Total Penta·CDFs 

Total Hexa·COFs 

Total Hepta·COFs 

Octa·CDF 

Total PCDDs 

Total Tri· CODs 

Total Tecra·CDDs 

2.3,7,8-Tetre-~OD 

Total Penta·CL>Os 

Total Hexa-CODs 

l,2,3,4,6,7,9·Hepta-CDD 

1.2,3,4,6,7,8-Hepta·COD 

Octa·CDD 

CONCENTRATION 
mcg/g SOOT 

165 

50 

60 

35 

15 

2 

N D. 8 

N D 

N. D .. 

N.D. 

N.D. 

N.D. 

N.D. 

N.D 

N.D 

N D. 

4 N D. - Not Detected, detection llmlt at 100 ng/g - 0 l mcg/g - 0.1 ppm. 
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T'ble 9. PCB Residue from a Transformer Vault Fire. 
Collected 4/16/82 in Miami .. fl lrida(20) 

SAMPLE LOCATION/DESCRIPTION SAMPLE TYPE PCB1 8 

(mcg/LOO cm2) 

Inside Transformer Vault. 
Wall behind removed transformer (soot) 
Top of primary cable above fire (soot) 
Primary cable support bracket (soot) 

wipe 
wipe 
w•.pe 

434b 
389 
704 

Floor neAr base of isolating swltch (dirt) 
Celling near fire location (soot 
Secondary bus near vault ceiling (dlrt) 
~all next to exit ladder (dust) 

'#ipe 27. 400 

Rung of exit ladder (dust) 

Above Transformer Vuult 
Sidewalk grating 
Standing water at curb near vault 

Fire Fight:ers • Clothing and E41.1~pment. 
Sleeves of turnout coat 
Top of boot 
Inside helmet 
Front of turnout coat 
Inside helmet face shield 
Outside facepiece 
Smoke ejector fan 

wipe 
wipe 

smear tab 
smear tab 

smear tab 
wipe 

smear tab 
smear tab 
smear tab 
smear tab 
smear tab 
smear tab 
smear tab 

8 As Aroclor 1260 (used as standard for quantitation of samples). 

bAs mixture of Aroclor 1254 (231 mcg) and Aroclor 1260 (203 mcg) 

860 
195 

2 
~9 

2 
) 

< 0 
< 0 
< 0 
< 0 
< 0 
<: 0 
> 31 

l 
l 
l 
1 
l 
2 

Table 10 p-resents the results of the analyses , 6 bulk samples of -,oo 

and other fire residues for the presence of PCOO and )F isomers. ~o 

were det:ected in these samples, but PCDfs from trichl.'.>ro· r I hexachloro 

isc drs were detected in samples 81 to 86. The samples also exhibi t:ed h 

level• of PCBs through Clio and polychlorlnated dlphenylethers (PCDEs thro1 

c1 8 The highly toxic 2.3.7.8-tetrachloro isomer was not detected in .mv 

these samples. 

Gas chromatograph/111ass spectrometer (CC/MS) analyses of sont s.1111pl·· 

collected from the vault ceiling directly above the fire scene wer,, .1 " 

performed Peaks identified included penta·. hex.~-. and hept.1chlornhiph.•1: l" 

and numerous alkanes. mostlv larger than C20 (iO) 
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Table lU. Results of Analyses of PCDOs and PCDf's in Bulk Samples of Rt:-sidut from 
Hiami Transformer Fire(20) 

ISOKEllS 

Samples: 

Mono cooh 
01 -COO 
Tri·C:.,o 
Tetra-COD 
Penta·CDD 
Hexa·CLD 
Hepta·CDD 
Octa-COD 

NUKl!I. 
POSSIBLE 

2 
10 
14 
22 
14 
10 
2 
1 

2.3.7,8-TCDO l 

81 4 82 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

0 0 

mntBEll DETECTED 

83 84 8) 86 

0 v 0 0 
f) 0 0 0 
0 0 0 0 
) u 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 

0 ~ 0 0 

COMCENTIATION 
IN SAMPLE (ng/g or ppb) 

"''''"'"'=~~"-~"' 

81 82 83 84 8) 

N.D.c N.O. N. 0 N 0. N 0. 
N.O. N.O. N .0. N. 0. N.D. 
N 0 N 0 N 0. N D. N.D. 
N.D N.D. N.D. N D. N.D. 
N.D. N D N.D. N D. N.D. 
N D. N D N.D N.D. N.D. 
N.D N.D. N.O N 0. N.D. 
N.D. N.D. t-;.D. N D. N D. 

N.D N 0. N 0 N.D. N.D. 

4 Sample Description/Location: Bl Soot, dust, and dirt from top of primary cable support bracket, circuit •2. 
82 Residue from floor under isolating switch near burned t:ansformer. 

hl>etect ion l.imi ~ tor PCDOs 

83 Scrapings from ceiling above transformer .. 
B4 Scrapings from secondary bJs. 
85 Vault wall near exit larld~~ 

B6 Scrapings of soot and dirt from smoke ejector fan used to exhaust smoke from 
vault during fire. 

10 ng/g for s.'.lmplf's Bl, BS. and 86, 100 ng/g for s.1mpJ .. s bl, BJ. and 64. 

&6 

N.D. 
N D. 
N 0. 
N.D. 
N.D. 
N.D 
N.D. 
N 0. 

N.O. 
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Table 10 

NUMBER 
ISOMEllS POSSIBLE 

Samples: 

Mono corb '· Oi-t:of 16 
Tri -CDF 28 
Tetra·CDF 38 
Penta-CDf 28 
Hexa-CDf 16 
Hepta·CDF 4 
Octa-COF l 

2,3,7,8-TCDF l 

Results of Analyses of PCOOs and PCDfs in Bulk Samples of Residue from 
Miami Traqsformer fire (Continued) 

CONC!NTllA T ION 
NUMBER DETECTED IN SAMPLE (ng/g or ppb) 

~-M""MM~ 

81 3 82 83 B4 85 86 Bl 82 83 84 

0 0 0 0 0 0 N.D c N.O N D. N.D. 
0 0 0 0 0 0 N.D. N.O N 0. N.D. 
6 0 0 0 0 6 180 N 0 N 0. N.D 
6 0 0 0 0 7 '>JO N D :~ D. N.I> 
7 0 0 0 0 ) 1000 N.D. N. 0 N D. 
3 0 0 0 0 '• 180 N.O. N 0. N.D 
0 0 0 0 0 0 N. D N D N 0. N D. 
0 0 0 0 0 0 N. D. N L). N D N D 

0 0 0 0 0 0 N. 0. N D N D N D 

85 

N.D. 
N.D. 
N.D. 
N.D 
N.O. 
N.L. 
N.D. 
N D. 

N D. 

asuple Description/Location: Bl Soot, dust, and ..:irt from top of primary cable support bracket, circuit 
82 Residue from floor under isolating switch near burned trans fora.er 
83 Scrapings from ceiling abo" tr ans f '.>rme t 

8'· Scrapings from secondary bus. 
8'> Vault wall near exit ladder. 
86 Scrapings of soot and dirt from smoke ejector f,10 used to t,xhaust SlltOke 

vault during ti re 

litJ..tt:ction Limit for Pt;or~. JO ng/g for sampl(•-; Bl. Bl. B'>. and 86. '>0 nr,. lot ;.,.111pl1· tv._ 1011 nr,h~ for 

•. 1m1· I• B \ 

86 

N.O. 
N.0. 
110 
280 
290 
100 
N.0. 
N.D 

N.D. 

112. 

from 



Columbys. Ohio 

.11 ~arch 19e:.. a capacitor fire occurred in a Columbus office building 

The capacitor was filled wi:h Aroclor 1242 Analysis of soot samples revealed 

the p•es,.ncP of PCDfs and trace amounts of PCDOs (tetra- to octa- isomers). 

Chlorubenzene was also detected in trace amounts with a detection limit at ppm 

level Analysis of wipe samples indicated th.! p1·esence of PCDfs and 

PCDDs (21, 22) Table 11 presents the results of the analyses of the soot and 

wipe samples. 

Table 11. Analysis of Wipe and Soot Samples 
from Columbus Flre<21,:2) 

SAMPLE 

IJipe 

Soot 

action limit. at ppm level. 

SC Paul. MLnnesuca 

ISOK!ll 

2.3,7,8-TCDF 
Total PCOFs 
2.3,7,8-TCOD 
7o:.-il PCDOs 

Total PCOfs 
T~tal PCDDs (tetra to octa) 
Chlorobenzene 

TOTAL 
Cc-t:•.:ft'!,ATJf'•' 

~ 1. 000 nt 
~ 10.0CO ng 
:S 3.0 ng 
s 44 ng 

10.9 ~ipm 

Tracea 
Trace 8 

un Juntt 22. 19e2, a PCl>s fire oc .. ut·red at the Hill·Murrav High Scho<' 

St Paul. Hlnnesota. (23) NIOSH samples of surface wipes and air were obr,1i11nl 

tin Jun~ .:'3, l'J82, and again on Julv 7. 

rrported In Tables 12 and 13 

The results of the anal vsf' 

On Sept:ttfllber 25, 1978, there o1as Rn intense fire in a capacitor IMtr1'l"'/ 

north of Norrt.1lje, SwedPn. The flre could not ht' extinguishE'd for n\'<'r 

30 minutes while high voltages Wf'U turned off Eighteen PCBs·cont.i!nlm•, 
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Table 12 Analysis of PC8s (Reported as Aroclor 1260) in ~ipe 
Samples from the Hill-Murray Schoo1<23) 

PCBs (acg/100 cm2) 
, ________ ,,,,-~, ___ ,, 

SAMPLE LOCATION 6/23/82 7/7/82 

Vault Room 100-5000 2-120 

\'aul t Door < 5 

Corridor outside Vault Room 5 

Roo11 048 20 j 

Boildr Room < s 

C<lfeteria 0 22 0 24 < 05 

Corridor lead!ng to the Fieldhouse < 0,0S < 0 0') 

Corridor wall across from Room 109 0. 26 < () 05 

Corridor wall adjacent to ~usic Suite 0 27 

rrldor wall leading to Office l ,6 

f'utside Room 106 8 

Room 106 n 61-0. 9S 

Room 138 l 4-2 l n .i. 

Gvmnastum 0 29 

A~hletic Building lobby 0 14 

Priory < 0 OS 
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Table 13. Area Concentrations of PCBs (ReporLed as Arcolor 12 
and C~lorlnated Benzenes at Hill-Murray Schoo1<2l) 

SAMPL! VICINITY 
BY DATE 

June 23. Hl982 

Transformer Vault 
Transformer Vault 
\'ault Doors 
Room 018 
Oucslde Room 109 
c,1feterla 

JMl)' 7. 1982 

Transformer Vault 
utul t Door a 
Outslde Room 018 
Outside Room 109 
.;tfetert .. 

SAMPLE 
DURATION 

(HOURS) 

} 54 
2.52 
2. 37 
3.06 
2.67 
2.98 

2 82 
2.83 
2.82 
'l. 92 
2 92 

SAMPLE 
VOLUME 

(LITERS) 

13 
136 
121 
165 
lt..4 

161 

169 
170 
169 
175 
175 

AIRBORNE CONCENTRATION (mg/m3) 

rcas• 

0 05 
0 09 
0 02 
0 004 

< 0 001 
< 0 001 

0.007 
< 0 001 
< 0.001 
< 0 001 
< 0.001 

TOTAL 
TRICHLORO

BENZENEb 

22 .6 
l 6 
10.2 
0 73 
0 12 
0 35 

0. 331 
0 048 
0.020 
0 011 
0.010 

TOTAL 
TETRACHLORO

BENZENEc 

UL ., .. " 
") 

11 
l 
0 26 
0 2 

0 6~1 

0 2 2 <l 

!) UA 
0. ti 
I) 1) 3 ' 

--~--····~-~~-~·--··--"·----~·······--· -----·~-····~-· ·--

'"'~IOSH rect>mmended permissible exposurl! limit tor an 8-hour time·wE>! ,.d 
average (T\IA) exposure criteria ls 0 001 mg/1113 

bACCIH threshold limit value is 40 mg/ml for 8-hour TVA 
OSHA have exposure criteria 

c~o 8-hour TWA exposure criteria. 

Neither :"JOSH nur 



capacitors (100 kVA each) were involved in the flre W'hen the capacitors were 

demounted, some showed no signs of damage while others had exploded, releasing 

the 1 r contents 8 Jansson and G Sundstrom, 3t the Special Analytic;1l 

Laboratory. National Swedish Environmental Protection Board located at ~he 

Unlvenilty of Stockholm. were contacted a few weeks after the accident: and 

asked to perfom sample analysis for PCDF formation. <24 > Up to 300 mg samples 

together with 100 ng [2,3,7,8-3 7cl ·tetrachloro-(l,4,6,9-~Hl· dibenzo·p·dioxln 

as the internal standard dissolved in 1 ml n·hexane were chromatographed on 

aluminum oxide. The first fraction containing most of the PC8s was eluted with 

90 ml 5\ dichloromethane in n·hexane. The second fraction. which ,.as elut(l>d 

with 60 ml dichloromethane. contained all PCDF references. the internal 

standard. and at least two PC8s 

Results of the analyses are given in Table 14 An Aroclor 1242 standard 

was used as a reference Samples were taken from intact and exploded 

capacitors, f ro111 the wi r~ fence surrounding the capac i. tors fence was washed 

with acetone to obtain sample), and from pine tree needles which were loca ~d 

about 10 meters (m) downwind from the fire 

The wire fence was found to contain unexpectedly 1 ow PCB concentrations 

The extractable part contained only 0. 3 mg PCBs per g extractables. As ,1 

result of this low PCS level. the upper limit of the PCDF/PCS ratio for the 

fence extract becomes high. W'hlle no presence of PCDF was found in the fence 

sample. if the extremely high detection limlt for the dichlorinated compounds 

is excluded. the highest possible concentration should be about 300 rncg p~r g 

PCBs. 

In addition to these environmental samples, blood sa~ples were taken t 

six firemen who were exposed to the fire 1'he samples were not taken unt i .1 

few weeks after the fire incident At that tlme the PCS levels in the blood 

samples were within the same range (2 ) to ) 6 mg PCBs/g) as those for un· 

exposed Swedes <24 > 
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Table 14. PCB and PCDf Levels in Capacitors and 
Environaental Samples at Norrtalje, Sveden(9,24 ) 

---------·---,,-~~·,~--~ 

""' N 

SAMPLE 

Liquid in intact 
capacitor 

Liquid in exploded 
capacitor 

Liquid on exploded 
capacitor 

Extract from vire 
fence 

Pine needles 

•Aroclor 1242. 

rcas• 
(a/&) 

0.83-0.86 

0.93 

0 ~9-0.60 

0 3x10" 3 

0.3x10·6 

bN.D . .. Not Detected. 

---------~~.~----~.~~~,~ 

PCDP SAMPLE (mcg/&) 

MOl!IO-CDP DI-CDP Till-CDP TETIA-CDF 

0.2-0.5 0.2 0.2-0. 3 0.2-0 3 

24 38 11 3 

12-21 9-21 3-7 2 

< 0.03 < 0.2 < 0 03 < 0.04 

N D b N D. N.D. N.D 

PCDF 

0.9-l.l 

7S 

27-S2 

< 0.3 

N D 

PCDF/PCI 
(•ca> 

l.l-1.3 

81 

45 107 



~ockbolm. Sweden 

On August 25, 1981. an explosion (electrical arc) took place in .in 11 kV 

capacitor battery in an electrical power station in Stockholm, Sweden The 

explosion WAS caused by an electrical failurP in the capacitor battery that was 

so violent that it caused the wall to rup~ure. Wlpe samples were taken about 

1 m from the capacitor and were tested for PCDF and PCDD levels. Extr,1ct1on 

and mea1urtement were accomplished by spiking the wipe tests with l ·5 ng of 

labeled COO. The sample was treated with 10 ml of lH HCl for l hour. ThE' 

slurry was filtered and dried, extracted with toluene. and dried with N2 The 

residues were •dissolved in 2 ml of n·hexane, added to a silica gel coh·nm and 

elut.11d with ml of n-hexane. The hexane was evaporated with li2 until 10 mcl 

remained PCDDs and PCDFs were separated from other polychlorinated impurities 

using an Alox-column. Th£ first fraction, 10 ml n·hexane methylene chloride 

(98·2), was discharged. The second fraction, 10 ml n-hexane methylene chloride 

( l. l}. was collected and dried in N2. This residue was used in the 

analyses Individual H~·response factors were used to calculate levels glv• 

in Table 15 The total levels of polychlorlnateci biphenylenes (PCBPsl were 

reported tc. be 25-30 mcg/m2_(9,l3,25) Polychlorinated pyrenes (PCPY!i.) •..i,>r.• 

also detected but not quantified. 

SkOyde. Sweden 

On March 19, 1982, a violent fire broke out in a capacitor battery (~00 Vl 

serving a high-frequency oven in a metal treatment factory in Skovde, Sweden 

The dielectric fluld ln the capacitors consisted of either mineral oil or PCBs. 

and both types of capacitors were 1n use There were r.o chlorinated bt>n: .. ne 

,iddltlves in the oil. The fire started in a mineral oil capacitot· and 2 r 

elapsed unt 11 the fire was ext lngulshed The smoke spread to an e~tt'tH 

1800 m2 (60 111 x 30 111). Copper bars for electricity in the capacitor 11w111 

ceiling partially melted (m.p 1080°C) The capacitor battery cont.1in~·d ..'.l 

capacitors filled with PC8s (5 kg each) After the fire. 12 of th"!>" 

capacitors had been opened and 9 remained sealed. 

Wipe tests (tissue 1 dm2) were used to take samples from a) the f lnnr nf 

the capacitor battery, b) ~!1e floor close to the batterv. c) the wall nf th.• 
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Table 15. Concentratlons of PCDFs Found ln Sa11f:les from an 
Accldental PCB Flre ln Stockholm, ~weden<9. 3,25) 

PCDP 

2.3,7,8-Tetra·CDF 
1.1. ,8-Tetra·CDF 
!.3,6,8-Tetra-CDF 
l,4,6,9-Tetra-CDF 

,4,6,7·Tetra-CDF 
3.4,5,7-Tetra-CDF 
l.3.6,7- and 1.3,6,9-Tetra-CDF 

her Tetra·CDFs 

Total Tetra·CDFs 

2.3,4,7,8·Penta·CDF 
l.2.4,7,8·Penta·CDF 
I .2,3,6,7-Penta·CDF 
1.3,4,7,8-Penta·CDF 
!. 3,4,6,7·Penta-CDF 
l,l,4,6,8-Penta·CDF 
l,2,4,7,8-Penta·~DF 

1.2,3,6,7-Penta-CDF 
l.2,4,8,9-Penta·CDF 
2.3.4,6,8-Penta·CDF 

.2.3,7,8· and 1,2,3,4,8-Penta-CDF 
richer Penta-CDFs 

Total Penta-CDFs 

Total Hexa-CDFs 
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PCDF CONC&NTRATION 
(na/•2) 

150 
150 
125 

75 
37 

7.5 
300 
750 

1200 

45 
38 
15 
11 

7. 5 
3.8 
3.8 
3.8 
3.8 
2 

15 
19 

175 

< 0.5 



capacitor room, 2 m from the battery, 3 m above the floor, and d) the bench 

10 m from th• oven (1 floor above the capacitor). Table 16 shows the results 

of the analysis High levels of PCOFs (> 0.10 mCf/g) could only be found close 

to the fir&. Although polychlorlndted pyrenes were detected, no PCDOs or PCSPs 

could be ldent1fiec in the samples from this flre.<9.13.25) 

ISOMER. 

2,3,7,8-Tetra·CDF 

Tot Al Tetra·CDFs 

Total Penta·CC'Fs 

Total Hexa·CDFs 

Total Hepta·CDFs 

Octa·CDF 

Table 16 Levels of PCOFs in Wipe Samples 
from the Skovde F1re<9.13,25) 

CONCENTRATION (ng/m2) 

SAMPL! NUMBER 

l 2 3 

20 100 < 1 

100 600 < l 

40 100 < l 

40 60 < 1 

8 8 < l 

5 5 < l 

aolf ferent isomers than found in samples 1 and 2 

Surabammar. Sytden 

4 

< l 

ioa 

l 

< l 

< l 

< 1 

On September 23, 1982, a 500-unlt capacitor battery at a steel mill in 

Surahammar. S1.:.:den, waf! ignited by 5 tons of molten steel (l500°C) ThE> 

capacitors were filled with PCSs (2 tons) and mineral oil 0 tons). A violt>nt 

fire broke out and burned for 2 to 3 hours filling the entire building (140 m x 

70 m x 25 m) with smoke.<9) Table 17 presents the results of analvses o( 

wipe samples. 



Imac:rc. Flnland 

On August 3, 1982, a bank of capacitors in a pa1-er rnlll outside Imatra w<1'> 

destroyed by explosions and fire The fire was localized in the capacitor bank 

behind the 10 kV contactor station. Soot and gas had spread wi~h the pressure 

wave through <ln open doon:ay to the 10 kV contactor stat ion and the <tdJacent 

3 kV contactor station. and through cabie holes to the storage space directlv 

above the contactor stati"ns, to the floor beneath, and to the instrument 

cro~s-connecticn room. 

Table 17. PCDFs Found in Uipft Tests at Surahanmiar. Swfden (ng;m2)(, 

TOTAL 2,3,7,8-
SAMPLE LOCATION TCDFa TCDF Cl5 c1 6 Cl7 Cl9 

Capacitor Room (Sample l) 4000 875 3300 1800 1500 30:) 

Capacitor Room (Sample 2) llOO 365 1250 940 625 ltt'.; 

s E, Corner. 10 m height 1250 300 n5 150 65 13 

S.E. Corner. 10 m height 480 120 210 140 60 JO 

N.E Corner. floor 100 25 27 15 5 2 

S.E. Corner, floor 90 22 25 17 17 4 

10 m Outside, downwind < 250 < 25 < 25 < 60 584 l 7" 

300 I'll Outside, downwind < 250 < 25 < 25 < 60 < 30 < 12 

After Cleaning (Sanple 1) < 20 < 4 < 10 < 12 < 15 2·• 

After Cleaning (Sample 2) < 40 < 8 < 20 < 20 < 30 

"'"~-'~'-~--· 

3 Poss1bly due to use of decachlorophenyl as an additive in casting wax 

Each capacitor contained 20 liters of Clophen A JO (a mixture of PC8s i r 

an average chlorine content of 42\) Soot samples were analyzed for PCOF!> .md 

PCDDs. The results are included in Table 18. 
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PCDFs 

PC ODs 

Table 18. Levels of PCOFs and PCDDs in Soot Samples 
from Imatra, Finland Fire(9,l0) 

ISOMERS 

,'.'no· GDFs 
iJi. ·CDf's 
Tri ·CDFs 
Tetra-CDFs 

2,3,7,8-Tetr3·CDF 
Pl'!nt<1·CDFs 
ttexa·CDFs 
Hepta ·<..iJl-"s 
Octa·CDF 

SAMPLE l 

80 
2~0 

200 
20 

l 

N D a 

CONCENTRATION (ppm) 

SAMPLE 2 

16 
LO 
l 0 
0 3 
0 2 
0 l 

8 N.D - Not Detected. 

SAMPLE ) 

l 0 
0 .07 
0 2 
0 04 
0 02 

On November 8, 1982, a capacitor exploded 1n a foundry ln Bulten·K.lnth:d 

tn Hallstahammar, Sweden. The capacitor was located close to a melting oven in 

the ground floor, and the fumes spread throuth the entire building (40 m x 15 m 

x 5 m). Wipe tests were collected for analysis and the results ~re presented 

in Tahle 19 

Table 19. Levels of PCDFs ln Wipe Samples from 
Hallstahal'Mlar, Sweden Fire<9) 

--~· 

CONCENTRATION (ng/11112 ) 

SAMPLE TOTAL 2,3,7,8· 
TCDFa TCDF Pecora HxCDFs HpCDFs OCDF 

Cop r bar. 2 dm above 1600 540 360 600 800 13.'..0 
Bar, 5 m above 5000 1000 1800 850 550 
Floor 50 10 12 10 30 
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Ral hr•y LDcOllQCiye. Swedcm 

During the winter of 1982/83 a capacitor exploded in a railway locomotive 

in southern Sweden The incident was not reported immediately and therefore, 

the samples were not collected until February 1983. The results of the 

analysis are given in Table 20. 

Table 20 Levels of PCDFs in Railway Locomotive in Sweden(9) 

SA.MPL! 

floor below capacitor 
l m fro~ capacitor 

Kiu. Sweden 

TOTAL 
TCDFs 

69,000 
4,900 

2,3,7,8-
TCDF 

l, 700 
120 

CONCENTRATION (ng/m2) 

PeCOFs 

29,000 
1,500 

KxCDFs 

14,000 
400 

KpCDFs 

6,200 
170 

OCOF 

l ,400 
t.o 

On Aprll 25, 1983, a PCB·filled capacitor exploded at the debarking lln.~ 

in a saw mill in Kisa, Sweden. The explosion was associated with extern,,1 

arcing and fuming, causing the dielectric fluid to be sprayed around Three 

days fo!lowlng the explosion, samples were taken for analysis. The results .Hf' 

presentdd 1n Table 21. 

Table 21. Levels of PCDFs in Wipe Samples from 
Kisa, Sweden Explosion< 9 > 

CONCENTRATION (ng/m2) 

SA.MPL! TOTAL 2,3,7,8-
TCDFs TCDF PeCDFs KxCDFs KpCDFa 

Nt:iar capacitor 100,000 40,000 N.A.a N.A. N.A. 
Closed operator room 500 125 N.A. N.A. N A 
Near capacitor after 

cleaning < 90 < 21 70 30 < 10 
Closed operator room 

after cleaning < 12 < 5 < 5 < 5 < 5 

""""----,~~~=~'-'"'" 

as A. - Not Analyzed 
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OCDF 

N.A 
N A 

5 



RsU111. Fram:r 

On January 14, 1985, a violent transformer explosion occurred in a h·st 

building in Reims, France. The transformer was filled wlth an askarel of 6011 

PCBs and 40\ te t rachlorobenzene. The dirty, highly contamin,Hed soot '"'as 

dnalyzed on February 21, 1985 and April 2, 1985. The results of these analvses 

are presented in Tabl~ 22. 

Ocbrr fJ.ru 

There have been a host of other fires associated wlth PCB transformers 

capacitors Many ln the U.S. probably go unreported 

other flre lncldents that have been reported. 

Tabl~ 23 lists soi~~ 



ISOllD 

Table 22. Levels of PCDFs and PCDDs in Soot Samples from 
Reims, France Explosion (26) 

COMC!NTIATION (acg/a2) 

SAKPL! NU'MB!ll 

l 2 3 4 5 

---------------------~··· 

6 

Tetra·CDFs >30 >8 >4 5 O. ll 0. 22 (). 38 

Penta·CDFs 960 590 37 0 89 1. 5 

Hexa·CDFs 760 570 36 0 70 1. 2 l 

Hepta·CDFs 530 490 27 l 2 l 9 3 

Octa·CDF 290 220 36 N.A 4 N.A. 

Tet:ra·CDDs N A N.A. t'J.A N.A N.A. S A 

Penta·CDDs <l <l <0.005 <0 005 <1).005 <0 

Hexa·CDDs <l <l <0.005 <0.005 <0.005 <0 

Hepta·CDOs 35 32 <0.005 0.11 0 14 0 }3 

Octa·CDD 16 l.. <0.005 0.18 3.4) 0 33 

aN A. - Not analyz~d 

Samples 1 and 2 were taken on the ceiUng of the basement near the door of 
transforaer vault (F~bruary 21) 

Sample 3· wlpe sample r.ollected externally on the dcor of th«> transf 1 

vault (February ?l). 
S.:u11ple 4. wlpe sample on the second floor, near the doo• of an <lp.1n 

(Aprll 2). 
Sample 5: wipe sample in a bathroom, second floor (April 2). 
Sample 6· wipe sample in a kitchen, Aecond floor (Aprill). 
Samples 4,5. and 6 were collected after cleaning 
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Table 23 PCDF Levels ln Oth~r PC8 fires<l 

SITE PCDF U:V!LS PCBP LEVELS 

Danvlken. Sweden l 5 mcg/m2 None 
Helsinki. flnlanJ 
Halmstad, Sweden 
:\rvika, Sweden 
Kaukop.U. Sweden s..,na None 

CONTA.~INATION CLEA.~Ur CRITERIA 

There are no Federal guidelines to define acceptable cle;rnup le\'<'l fr 

toxic releases from PCB transformer and capac.tror fires 

state. however. that ;111 sp.lls and lea~s ..,f PC8s 

material should ~e cleaned up to preexisting background 

is a threat of contamination of WAter. food. feed. 

detected b<\ckground levels i, urban areas of up to u 

Curn~nt re~u a: 

dioxins -cont.im i n<H.:•,I 

levels whenever there 

or hu1.mns. 

mcg PCBs l 11l 

surf.ice <trea. Following the occurrf'nCP of PC8s-rel;1tNI fire im:iJenrs. S•"'rf• 

st~H:es and other countriec li.ive t•st.1blished cont:1min1Hion cl~.tm1p cri~··t'i 1 

These criteria are presented in Table 24 
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Co1. tam i na t ion CI'' anup C ri t er i a (10 · ll • 1 ) • 2 I ) 

lDCATION CONTAMIIWfT SUllFAC! 

Binghamton, NY Buildlng PCDDs/PCDFs 10 pg/113 of 2,3,/,8-TCl>D/TCDF 3 pg/1112 of 2,3,7,8-TCDD/TCOf 

PCBs 200 ng/•3 of PC8s 60 mcg/m2 of PC8s 

Inside Vault PCODs/PCOFs 80 pg/113 of 2,3,7,8-TCDD/TCDF 24 ng/112 of 2,3,7,8-TCDD/TCDF 

PCBs 1 mcg!m3 of PC8s 1 11g/n1 »f PC8s 

San Francisco, CA PCDDs/PCDFs 10 pg/113 of 2,3.7,8-TCDD/TCDF 3 p&/•2a 

PCBs 200 ug/113 of PC8s 60 mcg/•2 of PC8s 

Inside Vault PCDDs/PCDFs 80 pg/113 of 2,3,7,8-TCDD/TCDF 24 ng/•2 of 2,3,7,8-TCDD/TCDF 

PCBs 1 acg/113 of PCBs 1 mg/m2 of PCBs 

asum of all PCDD/PCDF isomers Cl4 · Cl7 with Cl substitution in the 2,3, 7 , and 8 positions. 



Table 24. Contaainat ton Cleanup Criteria (Com: inued) 

·-~--·----------

LOCATIOR Aii. SUllFACI 

----··-~·· ·~··~~······----------------------

Sante Fe. NH PCDDs/PCDFs 1 ng/•2 of 2,3,7,8-TCDD/TCOF 

Finland PCDDs/PCDFs 5 ng/m2 of 2,3,7,8-TCDD/TCDF 

Sweden PCDDs/PCDf's SO ng/a2 ~f total TCDF 

~~----···-~~, -----------------------· 



SECTION 4 

PCDFs. PCDDs, AND PCBPs FlOK TH! PYROLYSIS OF PCC FLUIDS 

The formation of PCDFs and PCDDs has be\!n attributed to the r.:rng<" of 

chemical reactions that occur during the pyrolysis of PCSs, the condensation nr 

chlorobenzenes, and the condensation or dlmerization of chlorophenols. PC!b 

and chlorobenzenes are major components of most ?CB transformer fluids. where.1s 

the chlorophenols are intermediates formed in the range of 550 to 700°c. T11C· 

amounts of these compounds formed during the combus:ioi Process w1rv with 

temperature and concentration. 

FORMATION or PCDFs FR.OH PC8s 

Laboratory studies have indicated that with adequate react ion time and 

efficient mixing between air and fuel, PC8s are completely decomposed into 

C02. and HCl at a temperature range of 800- l000°c Pyrolytic conditions. 

however. al!.ow the formation of PCDFs. The pyrolysis of commercial PCBs vields 

about 30 major, and more than 30 minor, PCDFs and an indeterminable number nt 

PC8Ps. 

The importance of combusti.'.>n as a source of PCOOs and PCDFs (and various 

chlorohydrocarbons) was discovered in 1977, when these toxic materL:ils wt~r,, 

fvund in fly ash and flue gases of municipal incinerators. 

In 1978. Morita reported that heating Aroclor 1248 to 300°c in ,, st>,11.,d 

gl.iss .impoule for 2 weeks produced approximately a 4·fold increase in ~ 

amount of PCL'Fs ( 28) ln the presence of oxygen. PCDFs format ion 

sJmples were heated for l week above 270°c, reaching a maximum of approxl t 

0 2\ conversion at 300°c. Oichloro· and trlchlorodlbenzofurans w«>re 

formed from the tetrachlorobiphenyls in Aroclor 1248. 

In a study by Buser ec al .. Aroclor 1254 was pyrolyzeu at tempen\t.•.ft'S .. 

550°. 750°c in quartz mini·ampoules. <29) CC/HS .1nnlysis ;;lOwed PCDI ·rp 

formed in the process. The results ;\re presentl'd ln T.1ble 2). 
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Table 2~. P1rolysis of Aroclor 1254 in Quartz Min.·Ampoules< 29 > 

PCDfs FOllHED8 (\) 

TEMP. A!IT' DICOKP. 

c0 c) <•ca> (\) 
MORO· DI· Tll- TETRA- PENTA· TO'?AL 

550 100 12 0.25 0.65 0.90 0. 75 0.20 2. 75 

.. 10 80 0.02 0.40 0. 70 0. 70 0.15 l.97 

600 100 45 0.10 0 40 o. 70 0.60 0.12 l.92 

.. 10 90 <0.01 0 10 0.25 0.35 0.05 <0. 76 

650 100 90 <0.01 0 02 0.18 0.25 0.12 <0 58 

.. 10 98 0 01 0 12 0.25 0.12 <0.02 <0 52 

700 100 >99.9 <0.01 <0.01 <0 01 <0.02 <J.02 <0.07 

10 >99.9 <0.01 <0.01 <0.01 <0.02 <0.02 <0.07 

7)0 100 >99.9 <0.01 <0 01 <0.01 <0 02 <0 02 <0.07 

•combined values of all isomers of a PCDF. 

Mono· to penta-CDFs were 

ranging from < 0.01-0.90\. 

Considering the amount of 

PCDFs ranged from 3-25\. 

PCBs 

x • l to 8 

;.. 30 isomers 

PCBs 

found at temperatures of 55o0 -65o0 c at levels 

The 11axi11u11 amounts were found at 550°C. 

recovered after pyrolysis, the total yield of 

o, • 

45 

PCDFs 

y • l to 6 (yield 3-25\) 

> 60 lsomers 



Buser and Rappe. in subsequent studies. pyrolyzed 18 individual PCB 

isomers in the presence of air at 600°c in sealed ampoulea.< 29 . 3o.31) It was 

found that the cyclizatlon process which yields PCDFs fro• PCB• was 

intermolecular and followed several competing reaction pathways. (JO· 3l) In 

addition to PCDFs, polychlorinated biphenylola identified as possible 

precursors, were present at levels of approximately one-fifth ot the amount of 

FCDFs present. 

From this work, four thermochemical reaction mechanisms were proposed 

for formation of PCDFs from PCBs. 

l. Mtcbanlsm l: Loss of Ortho-Cl2 

Example: 

0 
Cl 

__ .,a Cl + 

2,4,6,2' ,4' ,6'-Hexachlorobiphenyl l,3,7,9-Tetrachlorodibenzofur3n 

2. Ktchaniam 2: J.oss of' ijCl lnyolyl.n1 2. 3-Chlorine Shift at the Benzene 
Nucleus 

Example: 

Cl Cl--· Cl HC 

2,4,6,2' ,4' ,6'-Hexachlorobiphenyl 1,3,4,7,9-Pentachlorodibenzofuran 
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3. K1chan11m 3: Lo•• o! Orcbo·HCl 

Example: 

+ HCl 

2,3,5,6·Tetrachlorob1phenyl l,2,4-Tr1chlorod1benzofuran 

4 Kecbar.'IJl..lt: Loss of Ortho·H2 

Example: 

Cl Cl Cl + 

3,4,5,3' ,4' ,5'-Hexachlorobiphenyl 2,3,4,6,7,8-Hexachlorodibenzofuran 

Table 26 summarizes the re~ul t"' obc.:eirv-.d by Buser and Rappe, including 

each chlorinated biphenyl !.O'llcr, its chlorinated dibenzofuran react Lon 

products, and the associated thermochemical reaction mechanism. 

EPA, through a contract with Midwest Research Inatitute, Kanaas City, 

HO, has recently conducted Hveral studies to evaluate thermal degradation 

products from dielectric fluid using a bench scale thermal destruction 

system ) The purpose of this study was to optimize conditions for PCOF 

format ion in ordt· to examine the potential for formation of PCDFs and PCDDs 

from combustion of selected PCB-containing dielectric fluids The first part 

47 



Table 26. Tberaochemlcal Conversion of PCSs to PCDFs(30.31) 

------------------~,,_,,, __ ,,, ....... 
PCB COMC!tfll 

~,,,_~~,------------

2, l ... 5 · Tetrachloroblphenyl 

.'. l. 5. 6·Tetrachlorobiphenyl 

2.6.2' .6'·Tetrachlorobiphenyl 

2. J ~.5,6-Pentachloroblphenyl 

• 1,2.' ,5'-Pentachloroblphenyl 
2. •. 2' ,5'·Pentachloroblphenyl 
• • .2.',5'·Pentachloroblphenyl 

2' ,5'-Pentachloroblphenyl 

. l' ,4'-Pentachloroblph•nyl 

. 3' . 4' • Pentachlorobiphe·1yl 

.2' .4'·Pentachloroblphenyl 
2 ~ 6 2.' ,4'-Pentachloroblp~enyl 
' • ~ 1' ,4'·Pentachloroblphenyl 

PCDF l.!ACTIOM PllODUCTS 

l,2,3,4·TCDFa 
2,3,4-TriCDfA•b 

l.2,4·Tr1CDFa 

l,4,9-TrlCDF8 •b 
l,9·DlCOF11 

l,2,3,4·TCOF11 

2,3,8-TrlCOrb 
2.3,6,8 and 2.3.4,8·TCOF8 

2,3,6,9- 4 and l.3,4,8·TCOF6 
l,3,4,6,9-PeCDF4 

2,3,7,8-b and 2,3,6,7-TCOF8 

1,3,4,7,8- and l,3,4,6,7-PeCOF8 

l,3,7·TrlCDrb 
l,3.6,7· and l,3,4,7·TCDfa 
1,3,7,9-TCDF 

11 1
' ,5'-Pentachloroblphenyl l,4,8- 8 •b gnd l,2,8·TriCDF8 •b 

l , 4. 6, 8 · 8 • , l. 2 , 6, 8 • 8 • and 
l,2,4,8-TCDF4 

1,2,6,9- 8 and l,4,6,9-TCDF8 

1.!ACTION MECHANISM 

4 

3 

2 
l 

3 

1 
2 
3 
4 

3 
4 

l 
2 
3 

1 
2 

3 

.:. L •. 2· 4' ,6'-Hexachloro· 
iphenyL 

l,4,6,9·a. 1,2,6,9-a, and 
l. 2. 8. 9-TCOF4 
1,2,4,8,9-b anJ l,2,4,6,9·PeCDfa,b 2 

• "> l' ,4' ,5' -Hexachloro· 
hi phenyl 

1 
, ) 2' ,4' ,5'·Hexachloro· 
hiphenvl 

' ''· '.4' ,6'·Hexachloro· 
phE>nyl 

11 .It l 1e lsomer ldent l fl cat lon. 

2,3.4,6,7,8-HxCOF 

2,3,7,8-TCDFb 
2,3,4,7,8-TCOF 
l,J,4,7,8·TCDF 

1. 3 . 7 . 9 • TCDF 
L,3,4,7,9-PeCDF 

'•·t.1 nr Isomer among reaction products. 
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Table 26. Ther30chemical Conversion of PCBs to PCDFs (Continued) 

PCB CONOINU 

'~.S 2' .4' .6'·Hexar 1oro· 
bi phenyl 

2.3.~.2' ,3' ,4'-Hexachloro· 
hlphenyl 

2.3 S.2' ,3' .5-Hexachloro· 
hi phenyl 

2 J.~.5.2' ,3' ,4'·Heptachloro· 
hlphenyl 

2 3 4.5.2' ,4',5'-Heptachloro· 
bi phenyl 

.'> • 5, 2 ' , 3' , 4' , 5' ·Octa· 
i:· lot·oblphenyl 

dTentntlve Isomer ldentlflcatlon. 

PCDP lUtACTION raoDUCTS lUtACTION MECHANISM 

l,J,7,8·TCDF8 •b 
2,3,4,7,9- 8 and 1,3,4,7,8-PeCDF 
l. 3, 4, 7, 9 • PeCDF 

3,4,6,7-TCDF 
1,2,3,6,7-PeCOF 

2,4,6,8·TCDF 
l,2,4,6,8·PeCDF 

2,3,4,6,7-PeCDF 
1.2.3,4,6,7- 8 and 1,2,3,6,7,8-HxCDrb 
l,2,3,4,7,8,9·HpCDF8 
1,2,3,4,6,7,8- and 
l, 2. 3, '•. 6. 7. 9 · HpCDFa 

2,3,4,7,8-PeCOFb 
2,3,4,6,7,8·HxCDF 
1,2,3,4,7,8· and l,3,4,6,7,8·HxCDF8 ·b 
1,2,3,4,6,7,9-HpCDFa 

2,3,4,6,7,8· and other HxCDFs 
1,2,3,4,6,7,8-HpCDFb 
OCOF 

l 
2 
) 

1 
) 

l 
) 

l 
) 

l 
2 
3 
4 

l 
3 
4 

h~ajor Isomer amont reaction products 
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of the experiment was designed to deter11lne the opt lmum temperature. oxv~t>n 

and residence time condltlons for PCOF formation. The feed into the syst•m w~s 

mineral oil spiked with three individual PC~ congeners (2,3,4,6-cetrachlo 

phenyl, 3,4,5,3' ,4' ,5'-hexachlorobiphenyl; and 2,4,6,2',4',6'-hexachl ro· 

blphenyl), which form PCDFs by the four reaction mechanisms proposed bv Bu~•?r 

and Rappe.<29,30,31) Statistical analysis of the results of 33 runs indic~t~s 

that both temperature and oxygen have significant effects on the PCDF ·tield 

and that the interaction between temperature and oxygen i.s synergistic. Th<' 

results indicate that the opti11um conditions for PCDF formation from PCBs are a 

crmperature of 675°c for ~ 0.8 second, with an excess oxygen concentration of 

8\ The residence ti11e, in the range of 0.3 to 1.5 seconds, did not 

significantly affect the yield, although the observed yields of PCDFs •,..ere 

lower at shorter residence tl11es. 

In the next part of the study, dupl lcate test runs were conducted wi 

mineral oil and silicone oil dielectric fluids containing PCBs {Aroclor l 

at concentrations of 0, 5, 50, and 500 pp11. An askarel fluid containing 1, 
Aroclor 1254/30\ trichlorobenzenes, and a non-PCB askarel fluid cont<1i11i 

mostly t rich lorobenzenes with some te t rach lorobenzenes. we re tested l 11 

duplicate. PCDFs were found in all samples. PGDDs were found in the samples 

fro11 the trichlorobenzene runs and ocrasionally at low levels in some of the 

other samples. Up to 5,700 ng total PCDFs/111 ~spiked feed oil or 4\ 

conversion efficiency (PCBs to PCDFs) was ooserved for the mineral oil .rnd 

silicone oil runs.< 7> Up to 19,000,000 ng total PCDFs/ml feed oil (19 mg/ml 

or 3\ conversion efficiency w~s observed for the askarel fluld.< 7 > Statistical 

analysis :.howed a linear relAtionshlp for PCDFs formed versus the ,11nount: of 

PC8s in the feed. Table 27 shows the yi.elds of PCDF homolop,s fro111 h_. 

different runs. Under the optimal conditions. PCDFs are formed from in .. r.. 

oil or slllcone oll contaminated with PCBs at~ 5 ppm 

Experiments conducted by Paasivlrta ec al . provided evidence ta suppnrt 

Buser' s results that pyrolysis of Aroclo- 1254 produces PCDfs Pa.1slv r .1 

found that the pyrolysis of Aroclor 1254 at 600°c with a 40 ml/minutP .ii 

stream resulted in 0.16\ conversion to PCDFs which is slightly lower but of Ii,· 

same order of magnitude as reported by Buser et al 0 2 ) Tl1t• r••sult •ii 
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Table 27. PCDFs Formed in Combustion Studies <7> 

lOllS ~DP a Di CDP a Tri CD Pa TetraCl>Pa PentaCDFa HeuCDFa HeptaCDFa OctaCDP PCDPa 
(ng) (ng) (ng) (ng) (ng) (ng) (DI) (ng) (n&) 

Mineral Oi 1/ a 130 49 NQb oc 180 
5 PP• A-1254 43 23 0 0 66 

Silicone Oil/ 26 0 90 0 116 
5 ppm A-1254 31 9 150 0 190 

Mineral Oil/ 200 110 39 8.5 350 
50 ppm A-1254 140 82 21 2.2 250 

Silicone Oil/ 290 73 62 0 0 0 420 
50 ppm A-1254 530 640 83 0 0 0 1,300 

Mineral Oil/ 1,700 0 2 ,200 690 43 7 0 0 4,700 
V' 

500 ppm A-1254 l,300 620 170 13 0 0 2, 100 
(B) 0 13 0 0 0 0 13 

Silicone Oil/ 2,000 740 340 45 3,100 
500 ppm A-1254 50 1,300 5,000 2,100 170 12 0 0 8,600 

(8) o ... 0 0 0 0 0 0 0 0.4 
70t A·l254/30t 810 5, 100 440,000 1,400,000 6,400,000 910,000 29,000 3,400 9,200,000 

Trichlorobenzene 1,900 7 ,000 220,000 1,100,000 4,700,000 660,000 19,000 1,300 6,700,000 
(B) 28 190 310 1,200 17,000 3,000 n.ooo 

Chlorobenzene Fluid 2,400 2,600 5,000 0 9,900 
(tri vith soae tetra) 2,000 29,000 >13,000 >19,000 >22,000 5,200 0 0 >90,000 

(8) 81 25 5 0 110 
Lab Blank 0 0 0 0 0 0 0 

a - - Not Analyzed. 

~ - Not Quantitated. 

co - N~t Detected. 



Paasivlrta's CC/KS analysis of the vhenollc fra-:tion of the PC6 pyrol sis 

product are presented in Table 28. 

Table 28. Relative Amounts of PCDfs formed from PCB (Aroclor 125~) 

Pyrolysis and Carbon filter from a Capacitor fire<32) 

ISOKll PYROLYSIS PYROLYSIS PYROLYSIS CARBON 
soo0 c 6oo0 c 100°c FILTER 

··---·~ 

Mono·CDF 0. l 0.3 0. l 51. 8 
Dl·CDF 13.7 12.8 5 2 44 3 
Tri·CDF '.\8. 8 39.3 29.4 3 9 
Tetra·CDF 40.0 35 9 48 7 0 
Penta·CDF 7.4 11 0 15.l 0 
Hexa·CDF 0 0.8 l. 5 0 
Total PCDfs 100 100 100 100 

The major PCDF homolog!: identified in the PCB pyrolysis product w:?re <in 

order of abundance): 

• Trichlorodibenzofuran 

• Tetrachlorodibenzofurar 

• Dichlorodibenzofuran 

Honochlorodibenzofuran and hexachlorodibenzofuran ·.JCL•• df>tected .1s 111i:1t>l' 

components The total concentration of PCDfs in the En~o tilt r was <'stl1r.1~.·!I 

to be 15 8 pp~ ln carbon. Paaslvirta found that chlorinated phenols app•ar ~o 

be <tn order of ma&:iltude more abundant than PCDfs ln capacitor firf' pto<luc!.!> 

In the experl111enl' by Gervason, two !\Skarel fluids were burned tn .1 t Lrn•.:• 

at temperatures ranging from 400°c to l000°c. (33) The first .iskM••L 

Askarel Ti. consisted of 60\ .CBs and 40\ trichlorobenzenf's The triC'h ••rn· 

benzer:es were present in these isomeric forms including. 80\ l . .1 :,. 

1.2.J., and < 0.2\ l.2.5·trichlorobenzene. 50 mg of Askarel Ti w.1'> .1h~nrh,·d 

onto filter paper and burned. The results ore presented ln T.1ble .'.ii 



Table 29 Concentrations of PCDFs (ppm~ Formed from the 
8urning of Askarel Ti()) 

,~,,,_,,, __ 
ISOKll 400°c soo0 c 6oo0 c eoo0 c iooo0 c 

~·~'""'m~-

Tri ·CDFs N.D. l 20 400 l 5 N D 

Tetra·CDFs 5 70 2400 4 N D 

Penta·CDFs 4 60 1300 5 N D 

"""""' ___ '"" 
lN D - Not Detected; detection limit of 0 l ppm 

The second askarel fluid in Gervason's study. UGILEC T. consisted ot <>u~ 

llGILEC 141 and 40\ trichlorobenzenes (.·dso in the three isomeric fo 

desc dbed above) UGILEC T ls prlmarlly dlchloroben:ene/dichlorotoluene 

PCDF• were detecced from the burning of UGILEC T at temperatures ranging from 

~oo0c to iooo0 c with a detection limit of O l ppm (33) 

At the October 1985 PCB Seminar ln Seattle, WA, sponsored by the Electri 

Power Research Institute (EPRI), Rouse presented data on the forma ion f 

PCOFs from arcing of PCBs <34 > The study involved the arcing of. (.") " mix~ur" 
of trichlorobenzene and Aroclor 1254 (l·l ratio) ln oil. (b) Aroclor l~ 

oll. and (c) trichlorobenzene in oil. The results of the first t.,..o ;ir,· 

studies are presented ln Tables 30 and 31 Results of the arcin~ '>flHi·: 

tric1.lorobenzene in oll are presented later in Table 40 

The results indicate that although askarels mav contain m€'.1suL1hl" 

amounts of PCDFs. arcing does not lncrease the concentration of PCDfs Lil • 1 

fluid 

Cooke reported on a s iraulatt>d transf ormt-r fl rt- study using rt•t rol 

dielectric liquids at the EPRI PCB Seminar .. ()5) The> purpose of this !> t 

to determine the anticipated dioxin or fur an level in the event () t .1 r. 
transformer fire Cooke used a combustion chamber (20 inches long x )6 i 111.·h.,,, 

wide) with an injection post in the combustion region. KerosE'ne wirh . • 

s L l lcone was used to set up the nuclei for the catalytic process. 

were lnjectftd at 800°c to cascade through the 350-800°\: (optimal 

[or PCDF formation) region. 
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Table 30. PCDF Concentration Before and After Arcing 
of Aroclor 1254/Trichloroben:ene Mixture 

(10,000 ppm, l.l ratio) in Oil(J4 ) 

~"'' ___ ··--------~-,,~,--

ISOMER 

Tetra·CDFs 
Penta ·CDFs 
Hexa·COFs 
Hepta·CDFs 
Octa· CDF 
Total PCDFs 

ISOMER 

Tetra·CDFs 
Penta·CDFs 
Hexa-CDFs 
Hepta-CDf's 
Octa-GDF 
Tot;1l PCDFs 

CONCENTRATION 
BEFORE ARCING 

(ppt-) 

367 
l, 850 
:,790 
2. 960 

217 
1,184 

GONCENTRATION 
AFTER ARCING 

(ppb) 

173 
l. 140 
l . 180 
l,]60 

171 
4,629 

Table ll. PCDF Concentration Before and After Arcing 
of Aroclor 1260 (10,000 ppm) in Oil(~~) 

CONCENTRATION 
BEFORE A.RC ING 

~ppb) 

280 
2.000 
l,700 

910 
170 

),080 

CONCENTRATION 
AFTER ARCING 

(ppb) 

270 
2.500 
;'. 000 
1.000 

l)O 
),920 

Test~ were run using Aroclor 1260, 125'•. and 1242 at concentr,1t ions ot 

'iO ppm Theoretically. higher chlor!nation in the At·oclor should •'·id t<' 

higher levels of PCDFs. Cc-oke found that the PCDF form<ltion is consist"'nt ; •I. 

this theoretical prediction. The conversion factor fot· PCBs to Pl'DF•; ·.,.1s 

0 0012\·0.00J\, which was low under the combustion conditions 

TCDF concentration ranged from 100-900 ppm (15) 
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FORMATION OF PCDFa FROM POLYCHLORINATED BENZENES 

PCDFa can be formed in substantial amounts by pyrolysis of chloro· 

bunzenes. In 1979, Buser reported the formatlon of PCDFs and PCDDs through 

pyrolytic reactions from chlorobenzenes.00. 36 > Table 32 shows the resulting 

PCDF and PCDD Lsomers ident l fled in the chlorobenzene pyrolyzate. In these 

experiments. the pyrolysls of trl ·• tetr<l ·• and pentachlorobenzenes, using 

sealed quartz mini-ampoules at 620°C ln the presence of alr. yielded tetrl· to 

octa-CDF 

~ 2 02 

620°c 

Clm y 
x + y s 2111 

Signi{lcant quantities of PC!:>Fs were found in most of the pyrolyz:ed 

samples (see Table 33). The 1 ikeUhood of format Lon of PCDFs is highly 

dependent on the concentration of chlorobenzc:11es in the r...,action system 

As seen in Table 33. significant quantitles of PCDFs were formed from the 

trl· and tetrachlorobenzenes, and from the combined chlorobenzene sa~ple. ln 

general. the PCDFs formed had chlorine numbers of 2m·2. 2m·l. and 2m, where m 

is the number of chlorine atoms on the reacting chlorobenzene. With the 

trichloro- benzenes, some higher chlorinated dibenzo .. ".'an! lhepta·CDF' were 

also observed; presumably. they are formed from higher chlor:i.nated benzenes 

produced during pyrolysis. 

The optimal tempeuature for the conversion to PCOF's seer o be 500· 

600°c At temperatures exceeding b00-700°c. the degradation of r:oos and PCOFs 

takes place at a faster rate than the rate of formation. In aadltion to the 

temperature. the re tent ion t lme is an importimt parameter 

results are summarized in .able 34 
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Table 32 ldentlficatlo~ of PCDF and PCDD Isomers 
in the Combined .1lorobenzene PyrolvzateOO. 36) 

------~ '''''M~0-000 ______________ _ 

PCDF ISOMER 

l. 3.6.8-Tetra-CDF 
1.3 7.9-Tetra-CDF 
l 3.6,7-Tetra·CDF 
l .2.~.~-Tetra·CDF 
!.~ 6.8-Tetra·CDF 
2 3.6.8-Tetra·CDF 

.'.7.8-Tetra-CDF 

l.2 4,6,8-Penta·CDF 
L l.4, ,9-Penta·CDF 
l 3 4,7,8-Penta·CDF 
l.2,4,7,8-Penta·CDF 
l.2 4,7,9-Penta·CDF 
l.2.),7,8- and 1.2.3,4,8-Penta·CDF 
l 2.3,6,7-Penta·CDF 
·. 2 6. , 8· Penta-GDF 
• J 4,8,9-Penta·CDF 
_, 3.4,6.8-Penta-CDf 
1.2.4.8,9-Penca-CJF 

J.4.7,8-Penta·CDF 
2 3.4.6.7-Penta·CDF 

2.3.4,6,8-Hexa·CDr 
3.4,6. 7,8-Hexa-CDF 
2 ~.6.7.8-Hexa·CDF 

. ),4, 7.8-Hexa·CDF 
2 3.6,7.8-Hexa-CDF 
2 4,6,8.9· and l.2,3,4.~.7-Hexa-CDF 
2.3.6.8,9·Hexa-CDF 

2. 3.4.6.7 8-Hexa-CDF 

,l 3.4.6,7,8-Hepta·CDF 
2 l 4 6.7.9-Hepta-CDF 
2 3,4 6,8,9-H•pta-COF 
2 ).4.7,8,9-Hepta·COF 

PCDD ISOKll. 

l,3,6,8-Tetra-CDO 
1,3,7,9-Tetra·CDD 
1,3,7,6-Tetra·CuD 
1,3,6,7-Tetra·CDD 
2,3 7,8-Tetra·CDD 
1,3,8,9-Tetra·CDD 
1,2,7,8-Tetra·CDD 

1,2,4,6,8-Penta-CDO (or 1.2.4,7,9-
1.2,3,6,8-Penta·COO 
1,2,4,7,8-Penta·CDD 
1,2,3.7,9-Penta·CDD 
1,2,3,7,8-Penta·CDD 
l.2.3,6,7-Penta·CDD 
l,2,3,8,9-Penta·CDD 

l.2,4,6,7,9-Hexa·CDD (or 
l.2.3,4,6,8·Hexa-CDD 
1,2,3,6,8,9-Hexa-CDD·(or 
l,2,3.4,7,8-Hexa·CDD 
l,2,3,6.7,8-Hexa-COO 
l,2,3,7,8,9-Hexa-CDD 
1,2,3,4,6,7-Hexa·CDD 

1.2.3,4,6, ,9·Hepta COD 
l.2,3.4.6,7,8·Hepta·CDD 

Octa·CDD 

1.2.4.6,8. 

1. 2.). 6 ..... 



Table 33. Formatlon of PGDFs from the Pyrolysls 
of Chlorobenzenes<J0,36) 

PCDFs FOllKED (na/sample) 

COHPOUND(S) TETRA· PENTA· HEX.A· HEPTA· OCTA· 

Trichlorobenzenesa 400 1100 550 50 < ) 

Tetrachlorobenzenesb < 2 5 160 450 200 

Penlachlorobenzenec < 2 < 5 < 5 5 )0 

Combined chlorobenzenesd 80 600 1100 600 60 

., __ ~,.,, ___ _ 
3 ~00 mcg total with equal amounts of l.2.3·. 1,2.4·, and l.l.S·trichloro 

benzene 

b200 mcg total with equal amounts of l.2.3,4·, 1.2.3.5·, and 1.2,4,:>-tetr."I· 
chlorobenzene, 

cioo mcg pentachlorobenzene. 

0 SOO mcg total wlth equal amounts of all tri·. tetra·. and pent<tchlorob.·n~~.1H·s 
7 compounds) 

T:ib le )4. Summary of Format ion of PCDFs from the Pyro l vs is 
of Chlorobenzenes(30,36) 

COHPOUND(S) PYllOLYZ!D 

l.2.3·. i,2,4·, and l,3,5·Trlchlorobenzene 

l 2.3,4·, 1.2.3,5·, and 1.2 4 5-T•tntchlorobenzene 

Pertachlorobenzene 

'
1 tet:ra·CDFs 
pcnta·CDFs 
ht>Xll ·CDFs 

0 2\ 
() 5\ 
0 3\ 

bhexa·CDFs 
hept.1·CDFs 
oct11·CDF 

S7 

0 l \ 
0 .!l 
0 _,, 

PCDFs 
YIELD 



Further evidence to support the formation of PCDFs from the pyrolysis of 

chlorobenzenes can be found in the results of the Midwest Research Institute 

study. (7) As mentioned earl1er, this study included the pyrolysis nf ::ri

chlorobenzene dielectric fluid at 675°c for 8 seconds wit'' 8' excess oxygen 

Up to 110,000 ng total PCDFs/ml feed oll (> 0.004' yield) was observed for the 

trichloroben?.ene runs. These results, pretented in Table 27. support ead it-r 

laboratory data and analytical results of soot material from transformer and 

capacitor fires. 

Paasivlrta et al .. studied the pyrolysis of a trichlorobenzene/PCB 

mixture The details of this study were doscr1bed in this section. and the 

relative amounts of PCDFs formed from the pyrolysis of the mixture were 

presented in Table 28.(32) 

The study conducted by Gervason, described earlier ln this sect ion. 

provides evld~nce in support of the form4tlon of PCDFs from crlchlorobenzenes 

Thls study Indicates that the burning of a 60\ PCB/40\ trlchlorobenzene ~lxture 

results in the formation of PCOF1 (33) The results were presented i~ Table •1 

FORMATION Of PCOFs FROM CHLOROPHENOLS 

In Buser's experiments, the pyrolysis of chlorobenzenes yielded a series 

of chlorinated compounds Lnc ludlng PCOFs. PCDOs. chlorophenols. and ln some 

cases PCBs polychlorlnated naphthalenes, and polychlorinated stvrenes )0 lf> 

All pyrolyzed samples showed the presence of chlorophenols 

that these chlorophenols could possibly serve as reaction intermediates i 

formation of PCOfs from chl<'robenzenes A •"Pactiou of chloropht'11<1l 

unreacted chlorobenzene could lead to the formation of polvdilorin.ttt?d d 

ethers (PCOPE). which are known to furm PCOfs upon pyrolvsls (30 36 3' 

:h 

Test burns of pentachlorophenol (PCP) waste werf' performt>d ln il 

V S industrial boiler. Baghouse ash and bottom ash were analyzed .ind r<'su rs 

are presented in Table 35 The total level of PCDFs In the baghouse nsh w~s 

2 9 me g/ g (3 7 ) 
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+ OH @(O~ ~ ~ -0 o, 
m , Clm 'm-1 C x 

PCOPE PCOF 

Table 35 Levels of PCDFs from 8urnln~ of Pentachlorophenol
Contamlnated Waste< 7) 

COMTAMIMAM'? BAGHOUS! ASH BOTTOM ASH 
(ppm) (ppm) 

Tetra-CDFs 0 90 N.D a 

2.3.7,8-Tetra·CDF 0 10 N D. 

Penta-CDFs l. 5 N.D. 

l,2,),7,8·Penta·CDF 0 05 N 0. 

2,3,4,7,8-Penta·COF 0. 10 N D 

:iexa -CDFs 0. 15 N D 

1 . 2 , ) , 4. 7, 8 • Hexa · CDF 0 02 N D 

Hepta·CDFs 0.06 N D. 

Octa-GDF 0.006 N. D 

3 N.D - Not Detected. 

FORMATICN OF PCDDs FROM PC8s 

'I 

There is no experimental evidence for PCDD formation from pvrol u: 

p1:ss. and theoretical consltferlltions lndicate that this t:onverslon dot> •: 

occur. The thermolysls of PC8s vlclds exclusively PCDF's with no I'• 

detected <1 4 ) 
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FORMATION Of' PCDOs FROM POLYCliLORINATED BENZENES 

Buser has reported that PCOOs are formed from the pyrolysis of chloro· 

benzenes, (JO• 36 ) T'le pyrolyses of trl · and tetrachlorobenzenes and pent a· 

chLorobenzene were carried out in sealed quartz mlnl·amp~~les at 620°c in the 

presence of air, Analysis of the pyrolyzates revealed the presence of chloro· 

b~nzenes, PCDD1, PCDFs, chlorophenols, and in some cases PCBs, polychlorinated 

naphthalenes, and polychlorinated styrenes, 

As seen in Table 36, substantial amounts of PCOOs <hexa·. hepta·. nnd some 

oc ca· COO) were observed from the tetrachlorobenzenes and from the cor1b i.ned 

chlorobenzene sample (tetra· to hepta·COOs) Smaller quantities of tetra· nnd 

penta·CDOs were obtained from the trichlorobenzenes. while pentachlorobenzene 

yielded only an Lnsignlflcant amount of octa·COO 

2 

The formation of these trlcyclic aromatic c\Jmpounds ls bimoleculat·: thP 

like llhood of this formation ls hlghly dependent on the concentration ot 

chlorobenzenes ln the reaction system (36) The optl111al t:tmperature for tht> 

conver5ion of chlorobenzenes to PCDDs seems to be 500·600°c The results 

!'resented in Table 37 support the previous evidence that chlorobenzvn•s ,u.~ 

converted to PCOOs during pyrolysis 

The Midwest Research Instltute study. conduC'ttid under contr.1..:t wlth El'A 

,llso provided data concerning the pyrolysis of trlchlorobenzene- di.· In: 

fluld ( 7) The pyrolysis of a non· PC& askarel fluid, containln.e, na1:-. 

trlchlorobenzenes with so111e tetrachlorobenzenes. yielded up to l. 900 ng r,11 .1 

PCOOs/ml feed oil (0.0001\ yield). These results. presen.:.·d in Tahlt• Iii 

support prevloun laboratory data and analytlcal results of soot matf'rl;ll ! rom 
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Table 36 formation of PCDDs from the Pyrolysls 
of Chlorobenzenes<30,36) 

PCDDa FOIUUD (ng/aaaple) 

COMPOUMD(S) TETU· PERTA· HUA· H!PTA- OCTA· 

Trlchlorobenzenes8 30 20 < 5 < 5 < 1 

Tetrachlorobenzenesb < 2 5 i.:.o 160 ]U 

Pentachlorobenzenec < 2 < 5 < 5 < 5 } 

Combined chlorobenzenesd 50 '20 220 70 

8 200 mcg total with equal amounts of l.2.3·, 1,2,4·, and l.3.5-trlch o 
benzt: •. 

b200 11cg total with equal amounts of 1,2,3,4-, 1.2.'.l,5·, and l.l.4.'>·. 
chloroben.zene. 

c200 mcg pentachlorobenzene. 

dsoo mcg total with equal amounts of all tri· ar1 utrachlorobenz.•rw ... 
pentachlorobenzen·~ (7 compoun<is) 

lable 37. ~~'Mtary of Formation of PCDDs from the Pyrolysis 
of Chlorobenzenea<30,36) 

COKPOUMD(S) PYll.OLYZ!D 

l,2,3·, 1,2,4 , and l,J,5-Trichlorobenzene 

1,l,J.4·. 1.2.l,5·. and 1.2.4,5-Tetrachlorobenzene 

Pentachlorobenzene 
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Table 38. PCDDs Foraed in eo.bu•tion StucH,.c:;. < 7) 

llonoCDD DlCDD TdCDD TetraCDD PentaCDD BeuCDD HepuCDD OetaCDD PCDDa 
CDS> CDS> CDS> Cna> Cna> Cna> Cna> CDS> CDS> 

SilicoYle Oil/ 0 0 7.7 0 7.7 

SOO ppa Aroclor 12S4 0 0 0 0 1. 7 0 0 0 1. 7 

70\ Aroclor 1254/ 0 0 0 0 0 0 )30 37 360 

30t Trichlorobenzene 0 0 0 0 0 0 230 51 280 
,,.. 
N 

Chlorobenzene Fluids 1,100 440 0 0 1,500 

(mostly tri vith soae tetra) 0 0 630 520 0 72 0 0 l,200 



trans f or11er and capacitor fires. which determined that chlorobenzenes are 

required for PCDD formation. 

As dlscussed earlier in this section, Paaslvirta et .Jl • studled lit' 

pyrolysis of a mixture of Aroclor 1254 and chlorobem:enes. 

usually contain anywhere from 13\ to 60\ trlchlorobenzene and some-t i1n(·s 

tetrachlorobenzene. (32) The results of the CC/HS analysis indicated that PCDDs 

were present in the pyrolysis product. Table 39 gives the relative amounts of 

PCDDs formed from pyrolysis of this P~B/chlorobenzene mixture 

Table 39. 

ISOMll 

Di ·COD 
Tri ·CDD 
Tetra·CDD 
Penta·CDD 
Total PCDDs 

Relative Amounts of PCDDs Formed !rom Analysis 
of a PCB/Chlorobenzene Hixture<J ) 

PYl.OLYSIS PYl.CLYSIS PYROLYSIS 
soo0 c 6oo0 c 100°c 

<•> (\) (\) 

17.2 0. 7 4.6 
10.0 18.4 13. 6 
72.9 57.0 66.3 
0 24. l 17 4 

100 100 100 

''"''""'-'~-''~"--

The r111.jor PCDOs detected ln t:he pyrolysis product wete tetra·CDD (111t1J1es 

concentration) and penta·CDD. tt.e pyrolysis of the Aroclor 12)4 1'lixt r.• 

resulted in a 0.16\ conversion to PCDDs, "1h1ch is lower than Buser's estiin.1" 

but of the same order of magnitude (32) 

Pa as 1 vlrta found high amounts of po lychlorophenols and po lych lor in;HNi 

biphenyla in the pyrolysis produ«ts of the PCB mixture ard a c.ip.1citnr 

fire 02) 

As discussed earlier, Rouse presented data at the 1985 EPRI PCR Semlnnr 

Seattle, WA. on the formatlon of PCDDs from arcing of trichlorohe117e1h1 !11 

oll <3 4 ) The PCDD concentrations resultlng from ti"":is <•rein~ srudv r. 

presented in Table 40. 
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Table 40. PCDD Concentration Before and After Arcing 
of Trichlorobenzene (10,000 ppm) 1n 011(34) 

ISOMER 

Tt!!tra·COO 
Penta-COD 

8 N D. - Not Detected. 

CON..;ENTRATION 
BEFORE AlCii-JC 

(ppb) 

ND.a 
0.4 

CONCENTRATION 
AFTER ARCING 

(ppb) 

N.O 
N.D 

Gervason's study. previously described ln thls section, indicated th(• 

formation of PCDDs from Askarel T1 (60\ PCB/40\ trLchlorobenzenes mixture 

The results are presented ln Table 41. 

Table 41. 

T!MPE&ATUJl! 
(OC) 

400 

500 

600 

800 

1000 

Concentrations of 2,3.7,8-TCOO formed from the 
Burning of Askarel T1<33) 

2,3,7,8-TCDD CONCENTRATION 
(ppm) 

l. 5 

l.O 

15 

0 l 

0.15 

FORMATION OF PCDDs FROM CHLOROPHENOLS 

\Jhile lnvestlgatlng the pyrolysis produrts of chlorobenzenes Ru~. 

tound that chlorophe•1ols were present in all of the pyrolvzed chlot·oh.,11.:. 

s;tmples (30,36) Tht>se chlorophenols could posslbly serve ;u rt>.t t "' 

lnte:·ll'lediates ln the formation of PCDDs frora chlorobenzentts. A re.H·: inn 
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polychlorinated diphenyl ethers (PCDPEa). vhich are knovn to form PCDDs upon 

pyrolysis. ( 30 · 36 > 

Rappe •t al • reported PCDD formation from the burning of chloro · 

phenols 38 > Two of the most co11111only used chlorophenol formulations on the 

Scandlnavian market, Servarex Teknish (Cullviks Fabrlnks AB, Malmo. Sweden. 

lot Npnr 524) and KYlllJlene KY-5 (KYlllJlene OY, Kuusankoski, Finland; lot 132/16), 

were used. These formulations cont.lln approximattily 5\ of 2 ,4 ,6-trl·, 50\ of 

2,3,4,6-tetra·, and 10\ of pentachlorophenol in their sodium salt form. The 

levels of PCDDs found in the two formulations are s imllar. 

o~ + @J-l @Jo ~~::Q, Ctm Clm 

PCDPE PCOD 

Another route of PCDD formation involves the dlmerlzation of 

chlorophenols, although the condensation via PCDPEs may be preferred. 

2 @J-H -©C:~ 
Clm Clx Oy 

PCDD 

Test burns of pentachlorophenol waste were performed in an industrial 

boiler in the U S Samples of baghouse ash and bottom ash w•re analyzed and 

results are reflected Ln Table 42 In the baghouse ash the total level of 

PCDDs was found to be 5. 3 ppm. Lower chlt>rlnated PCDDs predominated. In the 

bottom ash. the hlgher chlorinated PCDDs were found in greater amounts J ' I\ I 

b5 



Table 42 Levels of PCDDs from 8urn1ng of Pentachlorophenol
Conta111nated Wast;< 37) 

COllTAKIIWfT IAGHOOSE ASH BOTTOM ASH 
(ppa) (ppm) 

Tetra·CDDa 0.96 0 01 

2,3,7,S·Tetra-CDD < 0.005 < 0 001 

Penta·CDDa 1.4 0.02 

Hexa·CDDa 2.0 0.04 

Hepta·CDDa 0 7 0.10 

Octa·CDD 0 2 0 14 



SECTION 5 

CONTAMINATION SITUATIONS INVOLVING 

PCDDs FltOM PCBs AND CHLOlOB!NZ!N!S 

This section reports some situations of facility contamination by PCDDs. 

generated from thermal processes involving chlorobenzenes and/or polvbr11minJted 

blphenyls. As discussed earlier. under the proposed rules for n·strlcting 

ha:ardous waste in landfills. PCDDs·contaminated sites wi.11 he subject to 

substantially more stringent cleanup and dlposal regulations. The fol lowing 

serves to highlight examples nf contamination situations where such regulations 

might apply. 

PCDO FORMATION FROM l.2,4·TRICHLOROBENZENE FEEDSTOCK f~OM LINDANE PROOUCTlO~ 

A European manufacturing process for trichlorobenzene provides further 

evldence of dioxin contcl111in."tnt formation from chlorobenzene This process 

converts lindane manufacturing wastes ( a, IJ, S ·hexachlorocyclohexane. HCC!! o 

predominantly (70-75\) l,2,4·tr1chlorobenzene. which, after purificatio.1 

transformed to 1.2,4,5-tetrachlorobenzene (used .1s the feedstock fr 

~.,:..5-trichlorophenol). The process involved the low tt>rnpet-.Hure ,2nu .. 

pvrolvsis of the lind.1ne wastes wlth a c.1rbon ,;,1t.1lysc using i:1clir(>ct ht·.1: in,· 

of•• closed reaction mantle The residues from both the man•l<> .ind :1..

tdchlorobenzene stlll were analyzed by Buser in Switzerl;rnd The r<.>sulr" ,i: 

this 1nalysls are presented in Table 43 

Extreme ca:e should be taken when pyrolyzlng and/or distilling chlorin.HPd 

.Homatlcs to exclude air (oxygen) from the syste so t.hat undf'sir .• e 

hlorlnated contaminants, including PCDOs, will not be formed 

PCDDs FORMATION FROM A PITTSBURGH AREA METAL RECLA1!11NG FACILITY 

PCODs and PCDfs have also been found at .1ctlve;in<1t:tive scr.1p 

r<'cl.1imlng facilities. whe.·.a PCB transformer and capacitor units ;ue p1«1,_.,.,, 

for their r•spective copper values. One such @xample in the Pittsbur I':\ 

.1n•,1 ls 1t l/2·acre site in the midst of a rt>sldential communitv wit I .11t 111: 
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l,000 persons within a l/4·mile radius This site includes a co1n.m1•rcLil 

building containing a small incinerator that was us~J not only to combust PCBs. 

but also to provide heat to the surrounding are.i In August 1982. :\IOSH 

conducted an inspection and detected 8 ppm octa-COD in a sample of soil taken 

at a depth of l foot near the PC8 •• quid storage area. ln April l 98l•. EPA 

R~gion III staff removed and analyzed dust samples from in!iide the hulldin6. 

the results of which are shown in Table 44. 

As a result, an Immediate Removal Action W!ls initiated on ~a\· 2'1. l'•:l':. 

An extension survey demonstrated that the dioxln/fur<m cont.1rnination .,,,., 

restricted to the interior of the inc 1nerator building More th.m ''. ni:~ 

of PCB-contaminated soil. containing~ 50 ppm ~CBs. were exca~ated. loaded and 

transported for disposal to the CECOS facllity in Niagara Falls. NY, befor.- ht> 

RCRA Dioxin Listing Rule went lnto effect (on July 15, 1985) .. Scrape samples 

frou1 lnterlor bulldlng surfaces showed: 

Tetra·CDOs 

Tetra·CDFs 

10-94 ng/g or ppb 

38·615 ng/g or ppb 

Sixty transformer casings remain on site today The estimated cost tor 

the disposition of the re111alning conta11lnated materials (i e. PC8s, PCDDs .. md 

PCOFs) .:1nd security of the site on a temporary or interim basis is $.:' :\) 

million ·· for a l/2·acre slte. 

PCOO ANO PCDf FORMATION FROM STRANDLEY METAL RECOVERY SITE. PURDY. UA 

Strandley Scrap Metal occupies 65 acres. including l to 2 acres of "i'":i 

work areas, a long Highway 302 east of Purdy. 1..:A 

nntAlns several buildings/w<lr.-housf'S, an 8.000 g.1\1011 stor.1~:t• :.11 

r.1l lroad t..ink car). transformE'r c.tslngs. ,, l.1rge wlre pi lt~. sct·:1p "'" .1 

forklifts. and sevE'ral drums 

site between 1972 :rnd 1983. 

sltE'.(1 .. 1) 

Transformf'r salvage operations oc..:cun't·d .i: 

Sm1e materials may h.1ve bern burn«>d .11 

The Strandley/Manning Property site ls known to C"Ontaln PC8s conr.1min.1111H1 

ln the soil .1nd some remaining containers. and rhere ls evidf'm't> of ,,11.i: .. 
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Table 43. Dloxln Isomers from Pyrolyzed HCCH Residu. > 

and Trichlorobenzene Stil lbott.11ns (39 > 

DIOXIN ISOKU 

Tetra-CDDs 
2,3,7,8-Tetra-CDD 

Penta·CDDs 
l,2,3,7,8-Penta·CDD 

Hexa·CDDs 
1,2,3,4,7,8-Hexa-CDD 
1,2,3,6,7,8-Hexa·CDD 
1,2,3,7,8,9-Hexa·CDO 

l,2,3,4,6,7.9-Hepta·CDD 
l.2.3,4,6,7,8-Hepta-CDD 

Octa-COD 

12 
0.) 

7 

68t' 
4 ·1 

150 
65 

l,400 
3.000 

7,600 

Table 44. Dioxin and fyran In Dust from Pl•tsburgh Area 
Metal Reclilming Facilitv< 4 0, 

HOMO LOG 

Tetra-l '.'>Os 
2 . 3 . . 8 ·Tetra· COD 

Tetra CDFs 
• J •• il-Tetra-CDF 

CONC!MTRATION (ppb) 

l 7. ')9 
0 9-2 ) 

413-1231 
14 241 



contamlnant mlgratlon. Oloxins and furans have also ~een detected, possiblv as 

a result of past burning of oil and transformer winding3 

Prlor to the sampling for a preliminary si.te assessment, EPA had alrt:;Hi» 

pt'rformed some sar1plin3. PCBs were found in tl·.e storage tank. in soils .• md i1 

Very low le\•els of PCB~ were found ln the shellfish a1:d 

s~·dlments of ne.1rby Burlev Lagoon Results of sw,1b sampling of onsit•· 

.-qulpment indicated some PCBs contamination. Also, 2,3, .~·TCDD was found in ,1 

sto~e used to burn PCBs·contamlnated oll. The presence of several other diosir 

.. rnd furan isomers has also been detecte I Limited excavation of soils 1."ith 

high 1.-vels of PCBs near the old stora&e tank location resulted in ficdlng 

significant PCBs contamination at a depth of 6 feet 

The following analyses were perfomed on the various samples; 

• PCBs for soil. sediment, drum. and swab samples) 

• PCODs PCDfs (for some soil and swJb samples 

Total Pl:DOs 
Total PCCif!. 
'!. . 3 . 7 . 8 · TCDI) 
2,3,7,8·TCDF 
All Letrc· through octa·CDDs (to~al homologs, not isomer·specific' 
All tetra· trrc 1gh octa·CDFs (total homologs, not isomer·specific) 

• Halogenated Organics. 

A summarv of sample results for PC8s analysi, is presented in T.1bl.-s : • 

. rnd 46 
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Table 45. Sumaary of Sample Results from 
Strandley Scrap Metal Slte(4l) 

SAMPLE MEDIA 

Soil 
Soil 
Soll 
Soll 
011 Sludge 
Soil 
Soll 
Soll 
Soil 
Soll 
Soil 
Soil 
Soil 
Oil 
Soll 
Residue 
Soil 
Soll 
Soil 
Sediment 
Sedi11Aent 
Water 
Soil 
Soll 
Soil 
Soil 
Empty Sample Bottle 
Water Transf&r blank 
Water · Transport blank 

PCB CONCINTllATION (ppm)• 

136 
27 
37 

1200 
5600 (wet t;-,~ Ls) 

37 
63 
28 

230 
46 (plus 49 of Aroclor 12~2 

62 (plus 10 of Aroclor 124 
7) 

58 (51 duplicate) 
120 (vet basis) 
162 

4 4 
99 
30 
26 
88 

4 7 
2 47 mcg/l 

190 
4.6 

91 (Aroclor 1254) 
71 
N.D.b 

0.069 mcg/l Aroclor 12~4 

0 42 mcg/l Aroclor 17 • 

•1rcB concentrar !un is in unh 1 of mcg/g (ppm) of Aroclor 1760 on .1 d · : 
basis unle3s otherwise stated 

u - ~ot Detected 
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Table 46 Summary of Sample Results from Strandley Site and 
Burley Lagoon< 41 > 

SAKPL! KEDIA DESCRIPTION 

Tissue Shellfish sample 
Water 
Sediment 
Sediment 
Sediment 
Sediment 
Sediment 
Sediment 

Transport blank 
Sediment blank 
Transport blank 

Sediment Strea.m near mouth, 
40' up from tree line 

Water Stream near mouth 
40' up from tree line 

Sediment Stream about 140' up from 

Sediment 

Water 

Sediment 
Water 
Water 
Water 
Water 
'11ter 

Yater 
Water 
Water 
Sediment 

Sediment 

Sediment 

Oil 

Sedirtt>nt 

Sediment 
Sediiumt 

tree line 
Stream 20' downstream from 

culvert below pond 
Stream 20' downstream from 

culvert below pond 
Sediment from spring 
House l/2 gallon clear 
House 1/2 gallon amber 
Spring 1/2 gallon clear 
Spring 1/2 gallon amber 
Transport blank 1/2 gallon clear 
Transfer blank 1/2 gallon clear 
Transport blank 1/2 gallon a~ber 
Transfer blank 1/2 gallon amber 
South side access road to Strandley 

yard. composite of two samples 
North side access road to Strandley 

yard. composite of two samples 
Auto body yard. composite 

of four samples 
Lift truck hydraulic reservoir 
Olly rag on lift truck 
Stream sediment by drain 

west of pond 
~pring composite below yellow bus 
Driveway parking lot by Willow Road, 

composite of four samples 
Sediment blank 

PCB CONCENTRATION 
(ppm)• 

0.051 ('"'et bas! 
l.S ppb 
2 6 

15 3 
0 43 
O.Sl 
0.026 
0 072 

N.O b (0 04 ppb) 
N, 0 ( 0 001) 
N D (0 03 ppb 

67 

0 68 ppb 

88 

302 

0.69 ppb 
0 102 

N 0. (0.02 
N 0. (0.02 
N.O (0.02 
N. 0 (0. 02 
N 0, (0 02 
N.O. (0.0;' 
N 0 (0 . ..,~ 
N. D. ( 0 02 

178 

93 
6.3 

4 s 
N 0 (1 0) 

ppb) 
ppb) 
ppb) 
ppb) 
ppb) 
?Pb) 
ppb) 
ppb 

"! .. 'nits 11rE> ln ppm (mcg;g 1 dry weight of Aroclor 12110 \lnlt'S'> 0·1. 

!'!peel fied 

Ii~ D ¥Not D<•tected; value in parentheses Ls the minimum qu.1ntifi.1hl« , • 
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Table 46 

SAM?U K!l'IA 

Sediment 
Sediment 
Sediment 
Sedlment 
Sedlment 
Sedlment 
Sedlment 
Sedlment 
Sedlment 

Tissue 
Tissue 
Tissue 
Tlssue 
Tissue 
Tissue 
Tissue 
Tissue 

Tissue 
Tissue 

Sediment 
Sediment 
Sediment 
Sedimer.t 
Sediment 
Sediment 
Sediment 
Sediment 
Sediment 
Sedmient 
Sediment 
Sediment 
Sediment 
Sediment 
Sediment 
Water 
Water 

\Jater 

Sumaary of Sample Results from Strandley Site and 
Surley Lagoon (Continued) 

Station •l 
Station •l 
Station •2 
~cation •2 
Station •3 
Station •4 
Station •5 
Station •6 
Station •7 
Sediment Blank 

Raft Culture Pacific Oysters 
Kid·Bay Touging Pacific Oysters 
West Beach Japanese Little Neck• 
South Beach Japanese Little Necks 
Plant Site Pacific Oyaters 
Nort11east Lagoon Hacoma Clams 
Northeast Lagoon G: .. ,.t Shrimp 
Northwest Lagoon Hacoma Clams 

North Lagoo1• Ghost Shrimp 
North Lagoon Small Clams 

Station •8 
Station •9 
Station •10 
Station •ll 
Station •12 
Station •13 
Station •14 
Station •15 
Station •16 
Station •17 
Station •18 
Station .,19 
Station •?O 
Station •21 
Statlo'l •22 
Water transfer blank 
Water transport blank 
Sediment blank 
Stotion •15 

PCB CONCENTRATION 
(pp•)· 

0 0100 
0.02044 

N o.b (0 01) 
N.D (0.0~) 

0.019 
N.D. (0.0\0) 

0.026 
0 36 

N.D (0.010) 
ND. (0.010) 

0 082 (wet basis 
0.145 (wet bas!s 

N.D. (0.016) (wet b.1 i:.1 

0 016 (wet basis 
0 ll (wet basis 
0.048 (wet basis~ 
0 26 (wet bashi 
0 053 (wet basis 

0 78 (wet bas{si 
0.49 (wet basi<> 

0 034 
0 047 
0.05'.j 
0 061 
0 035 
0. 047 
0 078 

18 l 
40 
16 2 

) J 
0 25 
0 45 
0 24 
0.365 

N.D (0 01 ppbl 
N.D (0 01 pph) 
ND. (0 01) 

5 16 ppb 

11nlts are in ppm (mcg/g) dry wt>lght of Aroclor 1260 unlt>ss otl11.i 

'>pt•cl fi•d 

Ii.; [) - Not Detected; value in parentheses ls the minimum quantlfiablt> 
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California Analytical Laboratories analyzed numerous soil samples fro1n the 

Strandley Site The results of their analyses are presented in Tab!e 4 

Table 47. PCOO/PCDF Analysls o! Soll Samples from Strandley Slte< 4 l> 

SAMPLE ISOMER CONC!NTRATION 
(ng/g or ppb) 

~"''"'""'''' ·-"~" 

l Hepta·CDF 0.96 

2 2.3,7,8-Tetra·COF 0 .16 
Total Tetra·CDfs 0 23 

3 Nonf" N.D a 

4 N D - Not detected 

Samples from four different areas of the site wt>re •ilso an<llv::etl tor 

PCDDs/PCDfs by California Anal~tical Laboratories. 

co11..:entration of PCDDs/PCDFs detected ln these different samples 

Table 48 

SAMPLE DESCRIPTION 

Sample of Bun\ Area 

PCDD/PCDF Analysis of Various Samples 
from Strandley Slte< 42) 

ISOlml 

Octa·CDD 
from t!nder Container 

Sample of Ash on 8at'k 2,l,7,8·Tetra·CDf 
of Roadway Total Tetra·COfs 

2.3.4,7,8·Perta·CDF 
Total Penta·CDFs 

l.2,3,4,7.B·Hexa·CDF 
1.2,3, 7,8,9·Hexa·CDF 
2,3 4,6.7,8-Hexa·CDF 
Total Hexa·CDFs 
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CONC!NTRATION 
(ppb) 

s 

l ) 

1l 

:. 
62 

38 
14 

1. 7 
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Table 48 PCDD/PCDF An4lysls of Various Samples 
from Strandley Slte (Continued) 

SAMPL! DESCRIPTION 

Sample of Ash from 
Stove ln Shop 

1 ~ D - Not Del~cted. 

h I '>rnners co ·elute 

ISOKD 

l,2,l.4,6.7.8·Hepta·CDF 
Total Hepta·CDfs 

Octa·CDF 

Total Tetra·CODs 

Total Penta·CDOs 

Total Hexa·CDDs 

l.2.l,4,6.7,8·Hepta·~DOs 
Total Hepta·CDDs 

Octa-COO 

2,),7,8·Tetra·CDF 
Total Tetra·COfs 

CONCENTRATION 
(ppb) 

90 
90 

SS 

N.o.a 

4 ). 

1.8 

12 
25 

4) 

l,2,l,7,8-Pe~ta-COF 81 
2,3,4,7,8-Penta·CDF 110 
Total Penta·CDFs 2000 

l.2,l,4,7,8·Hexa·COF 73~ 
l,2,3,7,8,9-Hexa·COF 530 
2,3,4,6,7,8·Hexa·CDF 38 
Toral Hexa·CDFs 2300 

l.2.l,4,6,7,8·Hepta·CDF 1500 
Total Hepta·COFs 2000 

Octa·COF L:o 

Total Tetra-COOs 178 

l .2.3.7.B·Penta·CDO 21 
fotal Penta·CDOs 845 

l.2,J,4,1,8·Hexa·CDD 
Total Hexa-C00ff 1100 
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Table 48. PCDD/PCDF Analysis of Various Samples 
fro• ~trandley Site (Continued) 

SAMPLE D!SClIPTION ISOKll 

1.2.3.4.6,7,8-Hepta·CDD 
Total Hepta·CDDs 

Octa·CDD 

Sdmple of Ash from the Woods 2,3,7,8-Tetra-CDf 
Total Tetra-COFs 

Total Penta-CDFs 

1,2,3,4,7,8-Hexa·CDF 
l,2,3.6,7,8·Hexa-COF 
l,2,3.7,8,9·Hexa-COF 
Total Hexa·CDfs 

l. 2. 3 ~.6,7,8·Hepea·CDF 
Total Hepta·CDFs 

Octa CDF 

Total Tetra-CDOs 

Total Penta-COD• 

Total Hexa·C'>Ds 

1,2.3,4,6,7,8-Hepta·CDO 
Total Hepta·CDD1 

Octa·CDD 

1
\ O • ~ot Dete ted. 

:-.umers co·elutr 

76 

CONCENTRATION 
(ppb) 

740 
2000 

890 

3 ,> 
Q l 

19 0 

24 ob 
24 ob 

6 8 
52 0 

37 0 
37 .0 

15 0 

2. ) 

N 0 

2. ? 

4 ~ 

10.0 

25 0 



SECTION 6 

ANALYSIS AND EVALUATION 

In the aftermath of a PCB transformer fire, the usu.11 lmmedLHt> .tct i111! i 

to analyze the soot generated ln the fire for toxic combustion product-; fonn,•d 

In order to 3!" ·ess the immediate health rlsk that may be p1·esent in :he 

building or fac ty Much has !>een lenrned over the last few vears from 

lnvestigAting the PCB transfot·mer fire if'cidents that have occurred chrou~hou:: 

western Europe and the l:niteid States. The issuf!s that the research communi tv 

has focu~ed on appear to be following. 

• Are PCDDs and P•:ors formed ln PCB tr.1nsformers 1.1nd«>:- norm.11 op. 11.; 
condi.tlor.;? 

• How are th~ constltuents of the transformer fluids relat~d to 
•nd amount of PC~Os and PCDFs formed? 

• \.'hat are the temper;Hure and other envt1·onmt>nt.1l conditions th.lt t 

the formation of the PCB combustion products 

Answers to such questions are necessary to properly Assess PCB t1-.rnsf.H·nt·r 

flre incidents and to develop appropriate emergency response and longf'r tE>rm 

remedtal measures. This section of the report addresses these qu .. stions hv 

<'orrelating. ana· 1z1ng. and evaluating the Jata prt>sented in tlw t>;ll'lil•r 

sections. 

COMPARISO~ OF A PC8 TRANSFOR.'tC:R FIRE IJITH TllE t.-:ct~2RAT10N srn:ATION 

The combustlon product~ resultln6 from PCB f res .1r,, .1 hwctinn nl .11··: 

'!,1rl,1bles lncludlng. 

• Carbon·to·hydrogen ratlo 
• Chlorine content or weight percentage chlorine 
• Tvpe of contamlnants. 
• Reaction (fire) temperature 
• Residence tlrne of reactants (air and ,uel) 
• Turbulence or mixing efficiency ot fuel and air. 
• Atmospheric vers11s rf'duc.-d oxygen flnvlronmf'nt 
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The coabustion and molecular decomposition of chemicals in a PCB 

transformer fire is not unlike that of the combustion situation ln the 

lnclnerat1on of chlorlnal111d substances. The general equation for complete 

combustion of chlorinated hydrocarbons during lnclneratlon can be written as: 

2) 

3.78 pN2 + (m + n/2l H20 + aC02 + (b · n) HCl 

+ l/2(n + c · b) Cl2 + (p · a • n/4) 02 + Qkcal. 

The atoms of chlorine wlll be olstrlbuted between HCl on one hand. and 
stable chlorine moleculi·s on the other hand. This ls consistent with 
D[ACON egyilibrium in tllt. furnace's ~. after p~oper combustion. Tho 
equill~rium state is reached with a kinetic of each partial reaction, 
different from tho one of proper combustion reactions 

This equilibrium state can be w;ltten as 

I 
4 HCl + 02.,.--- 2 H20 + 2 Cl2 · 20.8 kcal (exothermic) 

II 

If mH20. nCl2. o02. qHCl, ~nd N are the number of molecules of water, 
chlorine, oxygen, and hydrochloric acid, and the total number of 
molecules in the combustion gases, respectively, the equlllhrlWI 
constant, ln the average conditions of a homogeneous furnace, ls: 

Kp • 

which la defined using the co, ~~clents of equation I. Kp is related 
to the temperature by the formul. 

3) log Kp -
6034 

T 
. 6.97 

where T - °K 

The goal ls to displace to a maximum the equilibrium (2) to the left 

Considering the equlllbrlwn (2) and equation()), lt can be seen that, in order 
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to decrease th~ chlorine's partlal pressure ln the giu;es after combustion. th" 

following conditlons have to be fulfilled: 

• A high temperature of comhustion 

• A Curr.ace designed in such a way th.1t the residence time of th<> t;.1">•' 
at the high temperaturt" is large enough to en.lble DEACON's t·quilih i1 
and complete combustion to take place 

• A water vapor partial pressure that ls .ls large as posslhlc. r.1king 
Lnto account the thermal and water balanc~s of the system 

• A very efficient "quench" device to "freeze" the above-said 
equ1 libriwn. 

A PCB transformer fire. however. ls not a controlled combustion situ.ttion 

such r.s that in an inclner:itlon furnace; bur it can be as!nun«>d that .H tht• 

potnt of combustion, the thermal properties of the transformer fluids (>:.\po 

pressure, enthalpies and entropies. er: J and generated products will detet i1 

the type of combustion and products generated Cn~ortunate ly. bec:1us~ of th~· i r 

hi'h to:dclty, the ther111al properties of nuiny PCOFs, PCDDs. and oth<"r 

chlorinated combustlon products have not been measured 

Rordorf recently developed an approach to estimate the vapor prl:'ssurP. 

bolling point. and otl:er thermal properties of toxic substances such .is 

chlorinated dioxlns.: 4 2) The scheme is shovn in Fihure 1. 

Vapor pressures of llquic!s of knovn fr<.?ezlng and boi l:ng poin!.s c.m 

predicted by equation VII, where K ts from equ3tlnn V. Equation \'II can .1 so 

he used to estimate bo1l1"'1~ points if the melting polnts and vapor pr«>ssur.•s .1 

1 111 .1re known fer given compounds Equation VII is first used to r1«·•ll<~ 

bolling points of the investigated chlorodioxins and !urdns 

The enthalpies of fusion need to be kno\lll for the projection of sol d 

vapor pressun, curves from (pr••dicted) liquid vapor prt>ssure dat.1 The 

free energi•s and enthalpies f)f subl'matlon equal the sums of the correspondin: 

functions of fusion plus melting (VIII and IX) Equ,Hion XI. which is ob~ .• h' I 

from VIII. IX, and X, s~ates that similar sums hold for thf* ~ntropi·~~. :~l,t 

E'titroples of fusion at T"" equal the trnthJlples tlf fusion dlvlde<I bv ih.• 1~ .. 

tt>mpennures (XIII) a:; the Gibbs free energies <'f fusion ill't> ::t>t'O .tt 
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1/T (K) 

l 
6hv<T .. >. r- t- ,.(T .. ), 

T.. 68v<T .. ). J8n1\T .. ), 

p liquid = p IOltd 



Figure 1. Relationship Between the Vapor Preuures of the Solid and Liquid 
Phases at Te11peratures T, the Melting Point (Tm>· and the Boiling 

Point (Tb) (Continued) 

A~ the Bollin& Point 

6!'.y(Tb) - Tb Kr (36.61 + R ln T~) 
6a.1 (Tb) - Ah,,(Tb) / Tb + R ln P (1) 

(Il) 

(Ill) 

h - molar enthalpy 
s - molar entropy 
q - molar gibbs free 

energy 
cp - molar heat capacity 

Tb 
Ta 
R 

- boillng polnt (K) 
- meltlng polnt (K) 
- 8.314 J/mol K 

P(T) - vapor pressure at 
T(K) 

Subscripts: subliiaatlon 
Subscrlpty: vaporlzatlon 
Subscriptm: fuslon 

Settlng (IV) into the Clauslus·Clapeyron equa:lon, 

Jp0 (Tb Tb 
p d ln P(T) -Tj 6hy(Tb) (1 + K(l · T/Tb)) IR T2 dT 

glves after integration from the melting to the bolling polnt: 
ln P(Tm> - ln P0 · (6hy(Tb) I R Tb ) ((l + K)(Tb/Tm · l) · K ln (Tb/Tm>> 

At tbt Ktltin& Point 

From 6g8 - 6&m + 6gv 
and 6g - 6h · T 6 s 
For T • Tm: 6&m (Tm) - 0 

(VllI), 
(X) follows 
(XII) and 

6bm - 6h •. 6hy 
8 11 - 68 s · 6 sv 

6s11 (Tm> - 6h11 (T11 ) I Tm 

Fro~ 6&v • · R T ln P11 . - 6hv · T 6•v 
follows for T - Tm 6sv1Tm) - R ln P liq.<Tm) + 6hy(T11 ) I Tm 
(IV) for T - Tm: 6hyCTm> - 6hv(Tb) (l + K(l · TmfTb)) 

In the Solid PhaMt 

6g8 (f) - · R t ln Psolid(T) - 6h8 (T) • T 6ss(T) gives: 

R ln Psolld(t) - (6s 5 (T•) + ( !cpg·s/T dT) • (6h 5 Ctm>IT + 
Tm J 

R ln Psolid(T) • 6s5 (t11 ) • 6h8 (T11 ) I T 
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enthalples of evaporatlon can be estliuted by equation I'.' for the "t-lting 

points to:xpresslon XV. which ls obtained from XIV, permits the calculation of 

the entropy of evaporation at Tm ln combination with ·v and VII 

Enthalpies and entropies of fusion c.1n be predi.ctc•d for Tm I t«Hr 

t>Xperlmental enth,1lpies and entropies of subllmatlon (at Tm) by lV. !:\. :·:I . 

• rnd XV. A correlation of the evaluated enthalpies of fusion with th•' de~rn' ·il 

d\lorlne substitution enable the estlmatlon of <'nthalples iml! en ropit''> b·1 :\11 I 

of fusion for n·chlorlnated dioxins Equations IX and XI :illow tht> co11\·er'>in1: 

1..1f predicted enthalpies and entropies of evaporntion to enthalpi(•'> .111d 

.:-ntropies of sublimation Solid state vapor pressure curves c.:rn n.1·...: .,. 

predicted by equat.Jn XVII which ls obtained from XVI 

Tht> differences of -.:1e heat C.lp.1clties of the g.is Jnd the solld .,,., 

t-qual the rotational and the translatlo1 .. 1l heat c.'lpacltl 

the lattlce·mode heat capacities· 

c gas-solid _ 4 R·c l 1 p att ce 

The lattice parts c:tn b• •stimated bv th• rule ot· Dulonr, ,rnd 

.1pp.·oaching 6R at .1mbient temper.1tur<'s f<>r crvsrals composNI 1)t molt·,·\d,·-. ., .. 

three nonzero tttoments of inertia. Solid to g.1s heat c.1p;1cit\' changt·~ 1•! - : .. ·• 

J/mol K wer«> therefore assumed except for .111rhracent> 1-31 :, J nwl f'.• .• 

3,6-DlCDf (-45 J/mol K) The lattt>r v.ilues Wt' rt> deterrnint:d t roin tlw : 11•1 ,· 

hent sublimation curves of the two compo 111Cis Equ.1r ion :\1.11 

;1pproxllT'ated by XVIII to calculate vapor pr•ssures O'.'er .1 n.1rrow t.•mpd· 1:•1. 

The bolling polnt (Tb) appeArs ln sev«+ral expressions .md w,1S <h•te 1i. 

ln .1n iterative procedure· enthalpies and entropies of sublim<lth~n 

df'tf'rmlned by 1 inear regressions of the experimental vapor pressurf' d.H.l 

tht> lndll:ated tf'mperature intervals (Tahlf' 49) Thev hold tor tlw 

temperatures of the lnvestlg.ited tt>mperature ranges defined hv 

a.z 



The temperature ranges were recalculated for the melting points hv 

of the bracket expressions of equation XVI I. 

along with l. II, IV. V, Vil. IX. XI. XIII. XV. and XVII into the spn:,.nlsht·et 

The boiling points were then set for correct prediction of rhe vapor prt-ss11rel> 

at th• melting points given by 

Rordorf's e!.tLnates on the heat capacltv and the boiling p<)illt ot 

chlorinated dioxins and furans and the extrapola~ed and estimated v:du1•s f Pr 

other thPrmal properties are shown ln table 49 

Both tht- PCDFs .rnd PCODs exhibit the s.1me t:ef' 'encv of :.tr<mglv dect«.1si. 

\'.\por prf""surt> with im:nH1sing chlot·ine substitution Corr<!spondin~l 

holling point temperatur..- ,1lso il'cre.~ses '-'it:h the number of t'hlorine .1t 

'.,.'lth the bolling ooint temperJture for tri·CDD .1nd tri·CDF ;rnd Ii r 

.ind ) 

.1pproxim.ttlon of the thermod·:i~.u:i~c conditi(HlS woi...ld Lwor tlw f.,rm.1· I ·:: 

••st lm.ttion oi rhe ttwrmodvn.imks of ;a PCB tr.1nstorm<'r tir•' 1ppe-.1rs ·· 

suppurtE>d bv tht:> .rn.1lvsis ot products generated .H tlw l1wi<1t•nt sit•• 

l11 !dboratory pvroivsls dnd comhustlnn studies. 

PCDF A~D :'COD LE'JELS IN PCB TAANSFORMERS UNDER ~ORMAL l'SE CO~DlTlO:\S 

An ettrly concern was whether PCDFs .ind PCDDs ;Ht> fnrmt,d in!'' 

tr;rnsformers under normal use ·oncHtlons ~:rR [ conduct <'d .1 round rnh i 

,,.. it h three part 1 c i p.1 t l ng l .1bor.1tnl'i t>S usli.;; f 011 t' SiHllp ! •' s ,, : t' \. ~ l ' 
r .ikt•n from ln-service t r.1ns f ormPr ;rnd ,. ;10.1c it<' r UI\ l t S 

• '1 
,t\•t., ,.. I . 

.-nngPnt>r class c"nl·entratlon found f n 1· PCDFs is slinwn 11 .1 Ii 

Furthermore. EPA obt~dnt>d f'uid s;1mplt's 'rom .r.1nsfntm<'rs rh.tt t..'l•n• 11· .··, 

T111 .1 l 

1.T.1hle )l) ln thf" used flulds ls wlthin the r.rngt' of l'CN. ·.1h1~·s prt•\·i 1\ 

reported for stock material (1ahle S2) 

use condltlons. PCDFs are t,Pn .. r.:ated t:> .1ny si~nific.1nt t•Xtt>nl i11 t!i .. 

t r.111sformur (/•'>) 

R) 



T•bll' .. ., "'"""' .............. Lurrc-1.U IUll!> ul 
lhb«nzutur .. 11;. x.mth..iw!. .. ,'Id Antht .. , . .,, • ., 

"• •• -··· , .•. '• lnr<t.> c <a· D I •v(Ta,) •v<t.> hv(T•) •• ct.> ha< Ta) Tb 
(J/-1) u1-1 I) (oC) (oC) (Pe) (JY-1 IC) (J/-1 I) ( U/ (J/ cu1-1 > (oC) 

••• obe. oba. obe. ••tr. eeL -n aol I) ,, .. ob•. ,, ... obe . 

... •nso HS .29 )0-60 122. s• 6.22 llJ.l 1.26 llS.9 221 .... S7 22.6 
l ·MCllO 91SSO 291.1 J0-6S lost 1.97 ·lOl.9 l.20 116.4 217 76.2 S6 21.4 
2·MCllO 97160 292. l n-n 191 2.IS ·lOl.9 1.20 116.4 241 71.1 Sl 11.S 
2,)·0CDD 1062)(. 291.0I H·lOl 161.s• S.69 -104.' l. lS 116.9 no 71.1 61 26. 7 
2,7·DCDO lOSSlO 279.0S 41·101 209.sl '.16 ·104.S l.14 117 .2 224 76.4 SS 26.1 
1,l•DCDO 109010 291.17 )2-90 ISl l 4.14 -104.' 1.14 117.l 2H 14.l '' U.l 
l,),7·TCDD 116200 304. 71 17·100 141.SI ).47 -100.0 1.09 117.S 2)7 16.4 67 21.4 
l,2,4·TCDD 111790 322 .16 J7-101 121.sl l. U ·100.0 l.09 117 .2 219 U.9 .. H.9 
t,2,l,4·TCDO l llSJO .HI.IS 60·120 1191 4.96 -9S.6 1.04 117. 7 Ul IS.6 .. )1.2 
2,l,7,l·TCDD 1240011 217.61 J0-11• 10s1 I.SI ·9S.6 l.04 1"4. 1 219 79.9 69 )9.9 
OCDD lSlllO 116.41 1 • ·201 n1 t >.17 ·77 .9 0.94 ' .. 2U 16 7 11)2 61.4 

a.nie table dtepl•J• obeer•H Cobe.), ••trapolated (e•tr. >. ••U-ted (eet. ), and fH• te4 value• (pn4. o• ao hl4tcetton). 
IA.I. Pobleed .... c.c. , •••• J. Aar. Pood a.... 2011091-1099 (1972). 
21.r. lor4orf, I. lltc:U•n, ea.t A. Geoffroy. _.,.,Uahed Haulu. 

~ lac._.,.,,...,. of Dete - Ora-le co.p-ua, QC heH, loca laton, n. (1990). 
4J. Deaal, I. llrc .... yr, au D. Beerl, Swtaa Peteet Aftll. 6021/71, Gcr.Offee 2:4ll,6SS (1974). 
Sa. C:O.the ea4 C.A. Yacht .. teter, Acta. ca... Sceed. 2it2S2l (1972). 
6r. Goureot, IL. Clrdll.r, aa4 l.P ..... t,..., Jr. J. Flltye. ClNe. 74,JS18•2S41 (1970). 
7r.P. ao.r. 1.P. ••• te.oort•r•, ea4 v.v. -..1••r, J . .._,. Chea. Soc. 9401006-1007 (1972). 
IJ.11. Schro1, P.D. Ill-•, aa4 t.c. Clteag, ClMmoeph.n l\1171·176 ClHS). 
99,10-Dth74roealhraceft4t. 

l1tl .. t•4 fr01t chlorlae correlation on 4toatn data• 

l~(T•) • ll.61 + S.7S • Z + 2 lJ/-1 
llyb(r) • 211 + 42.9 • z • 1~71 • Z • Z t ts (Z • chlcwtne ..,bet. f). 

u.22 213.S 2662 
u.22 11S.S 2962 
21.12 116.0 2992 

JSl.O 
174.S 
)1'1.S 

l0.12 )91.0 
HS.O 
419.0 

11.977 446.S 
SlO.O 

------~---------.... ~~ 



T•bl• 49. V•pol' Pr•••ur• Corr•l•tloti• of Dlbt'n2odloaln•, 
Olbt'naofur•n•, l•ntht'At'•, •n4 Anthrsc:•tte• (Continued) 

_,_,_,_"W'4>W' 

... •• -··· r1n1• t • lnP(T•) c ( 1· l l I -,,<Te.) 1,,<T.1 h,,<T.l •.<r.> hmCTe> 
(J/-l) (J/•ol I) (oC) (oC) (Pa) <J1-· •> (J/-1 l) ( llJ/ (J/ (llJ/eol) 

°"'· obi. °"'· °"'· ••tr. ••t. -11 
-· l) 

pre cl ob• 

or• IS6JO 271.49 )1·70 16 s> 4.IS ·17 • 0.97 llS.7 224 6S.4 S4 19 6 
l,6·DCW 110l70 )00 9 :U· 101 111.02 7.0) ·11 .1 o.•• 1o6.9 226 70. 7 1S ,,, s )2 .• 1 

1,4,l·TCOP 117)00 299. )l 4S·lSO 1S44 4.)S ·74.) 0.11 117 .4 22) 11.1 16 J2 .6 
ocor llt'l4JO n:J.01 100-201 zst4 S.OJ ·S2.l o. S6 119.0 2U 90.0 109 SL S 
lanth•ftt' 924SO 214 79 12-IO 100.Sl 4.41 ·Ut.9 l. JS 116.0 219 74.S 46 17. t 
l,2,4,S,7,l·llCI 147000 )Jl.32 I0-176 Ht. s' 6. 70 ·95 4 l.Ol 1111.2 224 17 .2 107 S1.4 
Anthrac•- tl74S 274. ll u-100 21s.1• I.SO ·79.0 0.11 1'6.7 216 6S S ~9 21.6 29 1o6 
Oft· Ant hr. 9 9:'?21 214.96 jJ-96 111J S.01 ·lJ0.5 1.4S 116.0 2)9 14.1 •• 17 .6 

precl. rre4. c.:.lc. pr-4. 
2,),7,l·TCOb 121170 214. J29 )0-70 JOSI 1.11 ·9S.6 l.04 111.0 2C\S 71.) ., Jl.610 Jl.t1 

----------·----"" 
'111• tabl• clllpl1y1 ob••rVCl'cl (obi.), ••trapolat•cl (eatr ), ••rl-t•cl (••t. ), a.icl prrilct•cl valMI (pu4. or no tncllc•ttonl. 
••. I. Pohl•n4 ..... c.c. T•na, J. Aar. food Chell. 201I09J•I099 (1972) 
21.r. lorclurf, I. llclller, •ncl A. C.offroy, • ..,.1>tl1IMl4 re1ult•. 

e! lac lan4"-l of Data 011 Ora-le Ca•p a..111:4•, CIC ,,..,., loca btOt1, n. (19.ao). 
4J. 01221, I. llrc~yr, 1114 O. ICl'ert, Svt•• fat .. t Appl. 4021/7), Ger.Offen. 21411,6S\ (1974). 
\1. CO*tht' Incl C.A Vacht.,.l•ter, Act•. etoe.. Scan4. 2612S2J (1972). 
•r. Covuot, II L. CtrA.ar, and l.f. Uutrue, Jr., J. Phya. Cai-. 7412SJl·2S41 (1970). 
7r.P. toer, P.P. •an lemoort~r•, ancl V.V. i...ld•r, J. A .. r. C ..... Soc.. 9411006·1007 (1972). 
IJ.M. Schroy, P.O. 111.-n, ancl S.C. Cht'ng, a..-.~re 14117)·176 (l'8S). 
99,tO·Olhyclroanthrac•nt'. 

l1tl .. t•cl froe chlorlftt' correl1ttOt1 Ot1 cllosln elate• 

l~(T•) • tl.61 + S.7S •I+ 2 llJ/-1 
••te.(K) • 11) + 42.0. I - 1~7). I. I ~ ·~ (I • c~lotlllMll ·~••t. •> 

Te. 
( °'.:) 

yr•cl. "' 
17).0 2971 
U1 
)91 ., ,,., .. 
B7.C 
29).0 )11) 

46J .Cl 
340.0 )40) 
29).0 JO'>) 

4)1 )ll 



Table 50 Average Total Congener Class Concentrations of PCDFs 
ln Four In-Service Dielectric Flulds(4 3) 

IN·S!lVIC! SA.MPL! (ppm) 
·-~ .. ~ 

CONGEN!l 
CLASS ISL4Aa ISL3Ab ISL2Ac ISLIOd 

""""''''"~~-"'-"'- "-~ .~- .. -~·--""""--

TCDF's 0 l O.S N.O e N D. 

PeCDFs 2 .6 1. 6 0 01 N.D 

HxCDFs 7 6 1 6 0.01 N.D. 

HpCDFs 16 3 2 '.) N.D. N.D 

OCDF 9 8 LC N.D N.D. 

Total PCDFs 36.4 6 7 0 02 N.D 

aISL4A ... Askarel fluid with 70\ Aroclor 1260/30\ trichlorobet zene 
from transformer after 31 years of s~rvice 

b ! S L3A - A s a b o v e , e x c e p t 2 0 ye a r s o f s e r v i c e ; c o n t a i n e d 
0.5-2.0 mcg/g PCDF. 

cISL2A - Askarel containing Aroclor 1242 from capacitor that h.:id 
bulged but not ruptured. 

dISLIO - Mineral oll contaminated with 100 mcg/g PCB from transfon11er 
that had failed ln serv1~• by ar~ing 

·~.D. - Not Detected 
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Table 51. Analvsfs of Fluids Involved ln 
Transfonn~r Fire Incidents< 44 > 

·----~·-·-·--"""·----------------~·~"--""""""-" 

PC ODs 

. - . 

PCDFs (Total) 

Tetra·CDFs 
Penta·CDFs 
Hex.1 ·CDFs 
Hepta·CDfa 
Octa·CDF 

. . . . . . . . . . 

HIAl'U. f'Ll 
(Kay 29, 1984) 

(mcg/g) 

N.D a 

. . . . . 

6 0 

0. 31 
0 78 
2 2 
1. 3 
1 4 

. . . . . . 

Chlorobenzenf's (Total) 430,000 

Trlchlorobenzenes 260.ooob 
Tetrachlorobenzenes l40,ooob 
Penta~hlorobenzene 29.ooob 
Hexachlorobenzene 9ood 

. . . . . . 

PC8s (Total) 410,000 

~onochlorobl~~enyls 32oc 
Dlchlorobiphenyls l, looc 
Trich!orob1phenyls 2,6ooc 
Tetrachloroblphenyls 2.oooc 
Pentachloroblphenyls n .oooc 
Hexa~nlorobiphenyls 160,000C 
Heptachlorobiph•nyls 170,000C 
Octachlorobiphenyls 32,000<" 
~onachlo~~biphenyls 14,000 
Oecachlorobiphenyl <2,800c 

. . 

. . 

. . 

BINGHAMTON. NY2 
(February 5. 1981) 

(mcg/g) 

N. D. 8 

. . . . . . . 

16.2 

0.48 
1. 1 

11.0 
3.2 
0.41 

. . . . . . . . . 

350,vOO 

2'.'o.ooob 
110. ooob 

13.ooob 
45d 

. . . . 

580,000 

23oc 
noc 

3.sood 
88,00(J 

300,000 
160,000d 
24,000 

<l'OO 
<l.2.'.>0 
<)' 500 

. 

. . 

- -

.HICAGO. IL 3 

(September 28 
(mcg/g J 

~ J I 

. . . 

) 

<0.01 
0.053 
0 4 
1.4 
l. l 

. . . . . . 

160,000 

100.000h 
51.000b 
). 

- - . . . . 

110,000 

<lOOc 
<lSO 
<200 
<400 

11.000 
49. 
4) .OOP 

7,)00 
< l. 601) 
<4. 

•
1 Detection limits approximately 0 01 mcg/g for f :,'fs/PCDDs. 

h Results of analysis at a dilution of 0.1 mg of oil/ml of hexane. 
c Results of analysis at a dilution of 2 5 mg of oil/ml of hexane. 
d Results of analysis at a dilution of 0.25 mg of oil/ml of hexane 

1 Askarel Type A: 60\ PCBs with 60\ chlorine (Aroclor 1260) with 40\ 
trichlorobenze~es mixture. 

2 Askarel Type D 70\ PCBs containing 54\ chlorine (Aroclor 1254) and 
30\ trlchtorobenzenes mixture. 

) 
~ineral Oil with 25\ PCBs (Aroclor 1260). 
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ELECTRICAL ARCING AND PCDD A.~D PCDF LE./ELS 

Elecr~i.:c1l arcing ha~ been lmpllcated as one of the causes ot 1'1 

transformer and capacitor fires. raising concerns as to whether arcing l:.1us.,s 

the formation of PCDDs and PCDF's in the transformer fluid. As discuss<'<i 

e.trl ier. Rouse et al.. conducted :..averal experiments involving tile ,Hdn,:, o! 

electrical energy through fluids containing various formulations of transt rmer 

fluids. <3 4 > The r<>sults of this study wen: presented in Section 1,, T •.. 1b~,. 

;rnd 31 The data sho-.11 no difference in ::he PCDF levt> l be for<' and .it:, ; 

electrical arcings. 7he Authors suggest that the lE>vel of oxvgen is vc•n· °"' 
in the transformer (although it can occur in the cardboard components ana t 

does not offer the environment for combustion and the format ion of PCDfs .111<~ 

PC ODs 

Dellinger et: al has conducted studies to determine the effect of 

temperature and oxygen co~centratlon on the rate of formation and destruction 

of PCOFs as well as the thermal stability of the ?arent PCB <46) The thermal 

degradation of a single PCB Isomer was conducted under four rP,1c::ion 

atmospheres at a constant gap phase residence time of 2.0 ~eco~ds. The i r 

selected for study was 2,4.5,3'.4'·pentaclilorobiphenyl (2.4,5,3',4'·PE>C8) Tht> 

oxvgen availability in the reaction at111osphel'e ls described using the 

equ1valenc1.1 ratio, phi(</>). Phl is defined as the ratio of fuel to oxvg,•n 

actually in the reactor divided hy the ratio of fu'll to oxygen requir<-d tor 

complete combustion The values of phi used in this study were 3. 0, l 0. 0 2. 

and 0 05, which range from oxygen·ttarved to very oxygen-rich conditions as thf' 

va~ues of phi become progressively smaller A phi of l.O means then~ s 

exactly enough oxygen available for comt-lete combustion: thus. the oe t 

excess oxyten ls zero. Thermal degradation experiments were conductt>d .1 

various temperatut·es ranging from 500· l000°c. The re'Jults are stw·...rn 

T<lble 53 and f1E,.u• • 2 and 3 

This study shows that the ylelds of PC9F's forr-fld from th<> ttw 

degradation of 2,4,5,3' ,4' ·PeC8 are on the order of 1 to l per1.ent ... ml 

yields increase as the oxygen concentration increases ('/>- 3 0 to '/> - 1 1 

7he precuminant m£chAnism for th~lr formation ls HCl elimin~tion. 
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Table 52. Levels of PCDFs ln Commercial PCss<l 4 > 

SAMPLE 

Aroclor 1254 

A»odor 1254 
<lot Kl<602) 

Aroclor 1260 

lorphen T64 

Prodelec 3010 

Till· 

0 10 

0.06 

0.10 

0 41 

~i:subishi (used) 2.13 

as D • Not Detected. 

TETIA· 

0.25 

0.05 

0. 30 

0. 30 

l 08 

4.00 

PCDF L!V!L (ppm) 

PlllTA- HUA-

0 70 0 81 N f'I a 

0 10 0.02 N.D 

l.00 l 10 l. 35 

l 73 2.45 0.82 

0 35 0 07 

) 30 0.53 N.D 

Table 53. Maximum ~eight Percentage Yield o{ PCDFs 
as a Function of Reaction Atmosphere< 46) 

VEIGHT \ YIELD 

tEKPDATUU or 

TOTAL 

l ') 

0 2 

3 8 

2 0 

10.0 

KAXIMUK YIELD (°C) TllI-CDPs TETl.A-CDFs P!llTA-CDPs TOTAL PCDFs 

0 vs 
0 2 
1 0 
3 .0 

75'J 
P:JO 
850 
900 

o.6v 
0.)4 
0 l3 
0.068 
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4.3 
l. 7 
l. 3 
0. 7l 

2.0 
0. 56 
0. 25 
0 21 
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CORRELATION OF COMBUSTI0N/PYROLYSIS PRODUCTS GENERATED AND CONSTITUESTS OF 

TRANSFORMER FLUIDS 

Another lssue of interest is the correi.atlon between the contaminants 

found ln the soot and the transformer fluid. The ablllty predict the tvpe 

and the quantity of toxic contaminants that may form in ~ PCB transformer/ 

..:apacltor fir.? is of prime importance in the development of pr· vent ion .:iml 

control measures. Eecause of the scarcity and generally poor qualit)' of d.H.1 

obtained from PCP. transfort.._r fire incidents. pyrolytic studies dt?r 

laboratory-controlled conditions have been employed. 

EPA, thrcugh a contract w•th Midwest Research Institute. Kansas Cit). ~10. 

has conducted a study to evaluate thermal degradation products using a benc.1 

scale thermal destruction system (7) Details of this study were presented In 

Section 4 of this report. Th• results indicate that both temperature and 

oxygen significantly affect PCDF yield. Statistical analysis showed a linear 

nhtionshlp for PCDFs formed versus the concentration of PCEs. figun ~ 

11nd 5 represent the relationship between the a11110unt of PCOFs for.ned .md th<" 

co~centration of PCBs ln the fluid 

In a study reported by Gervason, askarel fluid mixtures of 60\ PCBs nd 

40\ trichlorobenzenes were combusted under varying flame temperatur~s. ))) Th~ 

results of this study were preH:lted ln Tables 29 and 41. figures 6 and 

depleting these results graphically, indicate chat Che optimal •emperature for 

the formation of PCOFs and PCODs is approximately 600°C This finding ls in 

fair agreement with the work done at the Midwest Research Institut~. ~here the 

optimal temperature for PCDF formation from pyrolvsls of PCBs was apprrxl~4t•lv 

67S 0 c (figure 8).< 7> 

Under optlmal conditions. PCDFs are fortMd fro11 mineral oil ot s lion., 

oil contamlnated with PCBs at ~ S ppm. PCOFs were also formed from .t ai· 

chlorobenzene dielectric L.. d that contained no detect:able PCBs Th!'!>• 

results supported earlier lat>oratory work and analytical results of soot 

matRrial from transformer and capacitor fires, which determined that 

chlorobenzenes are required for PCOD formation 
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EPRI has also supported a major study of the ttwn1al conversion of V<lrious 

transformer fluid formuhtions to PCDfs and PCDDs (8, 4 3) fluids th.H h,,.:e 

bee~ studied include mineral oil, tetrachloroethylene (TCE), and silicone oi:. 

all spiked with Aroclor 1254. 100 mcl saatples were either pyrolyzed (heated h 

an oxygen-deficient environment) or combusted (injected into a flame or heated 

under conditions resulting in self-ignition). Pyrolyses were conducted usin! a 

simple thermostatically controlled apparatus, capable of accommodating glass or 

quartz tubes of diameters up to 6 cm within its 9·cm· long heated !'~gion. To 

simulate more accurately cPrtain catustrophic incidents, pyrolyses wen' 

conducted at atmospheric pr"ssure. 

Tables 54 and SS. and fig•· res 9. 10. and ll summarize the results of the 

EPRI study. All data are consistent with the proposition that tetn•· and 

penta·CDF yields are roughly proportional to PCB concentrations ln the starting 

material An interesting feature of the mineral oll/Aroc lor 1254 data is the 

clear and reproducil)le differences between the patterns of tetra·COFs and 

t>•nta·CDfs formed by pyrolysis of neat Aroclor 1254 versus tho.'ie formed bv 

pyrolysis of the 5,000·ppm mixture. for example, 2,3,7.8-TCOF and co·elut.:or!> 

comprise 16·21' of the tetra·COF mixture formed from neat Aroclor. but th•· 

comprise 45·55' of the mixture from mineral oil/Atoclor. Furthermor,>. 

combustion of biphenyl in TCE produced decreasing net dibenzofuran <•s t.hf' 

residence time was varied from 18 seconds to 6 seconds and the wall temperature 

maintained at 450°c. Ir. contrast, at 550°c, there is a net increase in 

dibenzofuran yield as residence time decreases. This s•..:~gests that at the 

higher temperat:t;.CC', significant dlbenzofuran destruction ·.s occurring There 

are also large effects on dibenzofuran y••' • in the presence of dlfferent 

solvents Typically, yields obtained with •ml ustion in TCE are much hi r 

than those obtained in silicone or mineral • Some sharp differences on 

effects of particular variable parameters on dibenzofuran yields have a1so ~"''' 

noted. 

Both EPA' s and EPRI' s pyrolytic and combustion studies support the 

proposition that the amount and the specific PCDF isomers found are related to 

the concentration of and the PCB homologs in the transformer fluid. Additional 

supporl:ing data Include EPA' s data on the transformer oil and the gen<•ra ted 
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PCI CORTAJURART 

Ta~le S~. Amount of PCDFs Formed from 
Pyroly,is of Aroclor 1254(8) 

TETRA PDTA 
,. 

\ HE PTA 

(n1 PCDF/1 Aroc1 1254) 

100\ 1254 

5000 ppm PCBs in Mineral 
Oil 

500 ppm in Mineral 
Oll 

50 ppm in MinerMl 
Oll 

5000 ppm in Silicone 

5000 ppm in TCE4 

6,900 13,000 

7,800 33 ,600 

6. 200 35 ,400 

65,000 

21 .400 14,000 

580 5,600 

8 TCE - Tetrachloroethylen• or perchloroethylene. 

6,600 

36,700 

34,900 

70,000 

l,380 

2,500 

Table SS Percentage of PCDFs Formed from 
Combustton of Aroclor 1254(8) 

PCB CORTAMINART TRI TITli PIRTA 

60 

3,8CO 

4,400 

JO 

180 

HUA 

(\ PCDP/1 Aroclor 1254) 

5000 ppm in Mineral 0. 72 0.58 0. 17 
Oil 

500 ppm in Mineral .40 . 33 .084 
Oil 

50 ppm in Mineral .JO .JO .056 
Oil 

5000 ppm in TCEa .44 l. so l. J5 0.33 

500 ppm in TCE .24 .70 .661 .23 

50 ppr1 in TCE .44 l. 32 l.00 .38 

aTCE - Tetrachloroethylene or perchloroethylene. 
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soot in the Binghamton, NY fire incident. The data on the transformer oil and 

soot from the Binghamton fire are presented ln Table 56. 

Table 56. Correlation of Analytical Data on Tran~former Oil 
and the Generated Soot from the Binghamton, NY Incident< 44 ) 

Tetrachloro· 
Pentachloro
Ht:xachloro
Heptachloro· 
Octachloro-

PCB.li 

ISOMER/TOTAL PCBs 

0 .15 
0.52 
0.28 
0.04 
0 001 

PCD1''s 

ISOMER/TOTAL PCDFs 

0.013 
0.31 
0.45 
0 21 
0.02 

Penta·CDF concentration was approximately 7\ of the total PCDFs in oi 1. 

Penta· CDF concentration increased to 31\ in the soot aftc r the fire. This 

finding corresponds to the 52\ of pentachlorobiphenyls in the transformer oil 

Similar observations can be made for the hexa- and hepta·CDF concentrations in 

soots relative to the concentrations of hexa- and hepta chlorinated biphenyls. 

The Binghamton, NY fire data also appear to indicate that the higher 

chlorinated biphenyls are m?re likely to convert to chlorinated dibenzofurans 

and the lower chlorinated PCBs are more likely to decompose in a transformer 

fire. 

The finding of PCDDs in the Blnghamr.on, NY fire incident raised concerns 

that PCDDs may be generat~d in PCB transformers. Analyses of subsequent PCB 

transformer fire incidents, however, identified only one other inc ldent . ..,her.~ 

PCDDs have been identified. It appears that the presence of chlorobenzene is a 

require:ment for the formation of PCDDs, and fires involving transformers 

w l thou t ch lorobenzenes do not generate PCDDs. The r<'search of Erickson 

Cervason, and Buser appears to support this conclusion.C7.30,33,36) Their 

results are shown ln Flgures 12, 13, 14, and 15. Figure 12 indicates that the 

PCDD concentration increases directly with the percentage c<'r ·· ration of 

trlchlorobenzenes ln fluid Figure 13 indicates that only the t· robenz~ne 

fluid (with a tmall amount of tetra isor.ier) produces signific::nt a111ounts of 
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results are shown ln Figures 12. 13, 14, and 15. Figure 12 lndlcates that the 

PCDD concentratlon increases dlrectly vlth the percentage concentratlon of 

trlchlorobenzenes ln fluld. Figure 13 indicates that only the trlchtorobenzene 

fluld (wlth a small a.aunt of tetra- lsoaer) produces algniflcant aaounts of 

PCDD homologs - - the hlghe"t concentratlons belng the trl- and tetra-CDDs 

Thh indicates a correlatlon between the lover chlo1lnated i::hlorobenzenes 

forming the lover chlorinated PCDDs. Figure 14 lndlcates that 

trlchlc.:-obenzenea produce mostly tetra- and penta-CDDa. This agaln &upporu 

the evidence that lover chlorinated chlorobenzenes form lover chlorinated 

PCDDa. Figure 15 indicates that trichlorobenzenea form significant amounts of 

tetra- and pent11-CDDs, whlle tetrachlorobenzenes form hepta- and hexa-CDOs. 

The tetrachlorobenzene forms the hlghest concentration of hepta-CDD, and tht' 

trichlorobenzene forms the hiihest concentratio~ of tetra-CDD (tri-CDD was n~t 

measured). 
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01e ectric fluids in transformers and capacitors often c0ntain lych r ated 
b1pheny s ( Bs) or chlorobenzenes. These substances may generate P•J'vch .-inatl'::'. 
dibenz furans PCOls} and polychlorinoted di!)enzo-p-dioxins (PCDDs) unt1er ertd1'1 
conditions of combustion pyrolysis. \~hen e ectrical equipment conta 1 nq t'H.?se 

l ids 1s ir.volved in an accidental fire, the resultinq smoke, soot, nd res :l 
may be contaminated with PCOOs, PC s, and other toxic chlorinated rocarbo~~. 

Thi report ontains a review f ,everal latioratory studies inve tiqat in 

sourc s of PCDOs and PCDFs as well as the conditions under which thev <1re rnPd. 
In add1t1on, some d.-1U frorll site<; of actual fire incidents are availa e ard re 
d scussed. Ch10;--oben1enes and PCBs do not form PCODs and PCOrs when t£'att'C 1 t'H? 

absence of oxyqen. During fires the dielectric fluid of transforrner:> or ca:;a it r<; 

:nay be leai<.ec1 or vented from ruptured casinqs. With exposure to oxyqen, PC car 
produce PCDFs and chlorobenzencs can prodL~e PCODs. The oarticular l)orrers 
PC and PCDF<; formed are related to the number of chlorine .:.ubstitueLts rn th 
re a t in q mater id 1 . 
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